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Abstract

These lectures aim to provide a pedagogical introduction to the philosophical

underpinnings and technical features of Effective Field Theory (EFT). Improving

control of S-matrix elements in the presence of a large hierarchy of physical scales

m � M is emphasized. Utilizing λ ∼ m/M as a power counting expansion

parameter, we show how matching an ultraviolet (UV) model onto an EFT makes

manifest the notion of separating scales. Renormalization Group (RG) techniques

are used to run the EFT couplings from the UV to the infrared (IR), thereby

summing large logarithms that would otherwise reduce the efficacy of perturbation

theory. A variety of scalar field theory based toy examples are worked out in

detail. An approach to consistently evolving a coupling across a heavy particle

mass threshold is demonstrated. Applying the same method to the scalar mass term

forces us to confront the hierarchy problem. The summation of a logarithm that lacks

explicit dependence on an RG scale is performed. After reviewing the physics of IR

divergences, we build a scalar toy version of Soft Collinear Effective Theory (SCET),

highlighting many subtle aspects of these constructions. We show how SCET can be

used to sum the soft and collinear IR Sudakov double logarithms that often appear

for processes involving external interacting light-like particles. We conclude with

the generalization of SCET to theories of gauge bosons coupled to charged fermions.

These lectures were presented at TASI 2018.
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0. Some Personal Remarks

Dear reader,

I could not have been more thrilled to receive the invitation from Tracy Slatyer and

Tilman Plehn to lecture at TASI 2018 on Effective Field Theory. This initiated the

exhilarating process of figuring out what I could possibly bring to this infinite1 subject. I

decided to focus on the techniques, with a central theme of scale separation – these lectures

provide a how-to guide for systematically improving your perturbative expansion in the

presence of a hierarchy of scales. We are going to do a lot of loop integration, we are

going to worry about matching corrections, we will take finite integrals and split them into

many infinite parts, and we will dimensionally regulate ourselves out of a number of sticky

situations.

A goal of these lectures is that you will deepen your understanding of what we mean by

phrases like “separation of scales,” “exponentiation of large logs,” “mapping the IR to the

UV,” and so on. Another purpose is to (further) convince you that field theory works. No

matter what shenanigans the Feynman diagram approach might pull to obscure the physics,

the principle of decoupling and the implications for renormalization group evolution remain.

As such, a patient student can learn to expose and sum large logarithms, thereby mastering

the beautiful art of renormalization group improved perturbation theory. Using a number of

concrete examples, we will first explore how to sum UV logs. Then we will move to SCET,

which will give us a framework to sum the notorious Sudakov IR double log.

I chose to approach my charge by stripping away the trappings of real theories; essentially

all of my examples are built out of scalar toys. This makes the Feynman rules trivial, allowing

us to focus our attention on simple one-loop integrals. However, my cardinal offense is that

I make no connections to experiment. I hope you will find this approach enlightening and

educational, but if not feel free to request a refund from Tracy and Tilman :-).

I have leaned heavily on my community throughout the process of conceiving, calculating,

and writing – I encourage you to read my extensive acknowledgements. Any deep insights

in what follows are likely due to one of my brilliant colleagues, while any misconceptions

or mistakes are mine alone. Finally, if you come across anything buggy, please send me a

message so I can fix it in a future version. Thanks for going on this journey with me!

#tl;dr This project took over my life for awhile, and I’m excited to share it with you.

1 Pun intended.
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1. The View from the Deep IR

We begin with the big picture. The purpose of these lectures is to systematically explore

quantum field theory2 in the presence of a large separation of physical scales m � M .

Feynman diagrams yield an expansion in a coupling(s) α. In the limit m�M , it is typical

that this α expansion will generate terms which go as αr logs(m/M), for some integers r

and s (where s is at most 2r for relativistic four dimensional field theories). Then there

exist regions of parameter space where these logs can become large enough to significantly

reduce the quality of the convergence of perturbation theory. The approach taken here for

finding an improved perturbative expansion relies on matching an ultraviolet (UV) “Full

Theory” model onto a judicious choice of Effective Field Theory (EFT) description of the

physical system of interest. This allows one to break apart the large logarithms into single

scale pieces and to sum them using renormalization group equations (RGEs).3 This connects

the UV multi-scale theory to an infrared (IR) theory that is only aware of the dynamics

associated with m. Along the way to systematically setting up the technology that achieves

this goal, we will encounter general lessons relevant to many applications within particle

physics, condensed matter, cosmology, and more.

There are two main goals of the EFT program: improving a given UV theory

(calculational) and characterizing a physical system systematically (conceptual). Our focus

here will be on the computational aspects of EFTs. However, it is worth emphasizing that

central to the conceptual side of the EFT philosophy is that essentially any system whose

dynamics are due to the small fluctuations of some underlying modes can be described as

an EFT (see Appendix A for more details and references). Physicists are all indoctrinated

from birth with the notion that physics is essentially dimensional analysis and the judicious

application of Taylor expansions. The beauty of EFTs is that they make these concepts

extremely plain through a notion of “power counting.” Power counting allows one to

generalize the idea of dimensional analysis by hierarchically organizing the allowed operators,

while simultaneously providing a small parameter which can be used to Taylor expand

away higher order corrections. The relation to dimensional analysis should be familiar from

2 A straw person might posit that a quantum field theory must be well defined in the UV, while an EFT

comes with an associated scale signifying the need for a UV completion. Specifically, EFTs are often

viewed as an expansion that allows for higher dimension operators, implying non-renormalizability. We

do not find this distinction useful here, and as such treat quantum field theory and EFT as identical

concepts in these lectures.
3 Disclaimer: Through these lectures, we have chosen to use the phrase “summing logarithms” to

describe what is accomplished by integrating the RGEs, in contrast with the common choice to call

this “resumming.”
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previous experience organizing a relativistic Lagrangian in terms of the mass dimension of

the operators, which also provides a polynomial expansion of the observables. Here we will

generalize this expansion to loop integrals, by relying on an awesome technique known as

the method of regions. Furthermore, EFTs are shockingly smart in that they both predict

how many free parameters are required to compute to a desired accuracy, and that they

tend to show signs of inconsistencies when pushed outside their regime of validity.

In these lectures, we will devote our attention to an amazing aspect of EFTs, namely their

ability to model physics across a huge range of physical scales through the application of

renormalization group (RG) techniques.4 We assume the reader is familiar with integrating

a set of RGEs to evolve a Full Theory description to the IR scale that is characteristic

of the physical process of interest, followed by an extraction of observables. This is known

as RG improved perturbation theory. However, if one encounters a multi-scale problem,

large logarithms can in general remain. The RG approach can be extended by invoking the

concept of matching between the Full Theory and an appropriate EFT that captures the

dynamics of the propagating IR degrees of freedom. Matching will allow us to systematically

model more difficult multi-scale problems using one or more simpler single scale theories.

In other words, we will learn to interpret the EFT as the single scale IR field theory, whose

Lagrangian is constrained by whatever symmetries remain, and whose operator structure is

organized as an expansion in terms of the power counting parameter. This allows one to

Taylor expand away as much complexity as possible, while retaining the essential features

of the system.

This multi-scale problem is central to these lectures, so we should explain what we are

referring to in a bit more detail. The Feynman diagram expansion at loop level introduces

a spurious unphysical RG scale µ. Then one can derive a set of RGEs by requiring that

observables are independent of µ, which allow one to maintain control of these parameters

when evolving them to different scales. However, when dealing with a multi-scale theory,

the Feynman diagram expansion can yield logarithms that do not explicitly depend on µ,

and so it is no longer obvious how to derive the appropriate RGEs. For example, if one

performs final state cuts, these parameters can appear inside of logarithms, which can in

principle be large. This is where EFTs, augmented with matching and running, come in to

save the day by peeling apart these problematic logs into multiple single-scale contributions.

Furthermore, the action of separating scales inside the logarithm requires the introduction of

a new dimensionful parameter. It is this parameter that can be identified with an RG scale µ,

4 For emphasis, we repeat that the immensely important conceptual aspects of EFTs and the application

to modeling real physical systems are not the focus here. Specifically, the reader should be aware that

EFTs are not just for summing logarithms, e.g. Fermi theory, heavy quark effective theory, etc.
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allowing one to simply apply the standard techniques to sum the now separated logarithms.

Furthermore, this approach fails unless the appropriate EFT model of the IR dynamics has

been identified, thereby providing physical insight into what degrees of freedom persist to

the IR.

One non-trivial aspect of the power-counting expansion procedure is the fact that

perturbation theory is plagued with infinities, and that the appropriate regulation of these

infinities yields logarithms. In fact, one can prove that the Feynman diagram expansion can

only yield powers and logarithms of the power counting parameter [1]. Powers are easy to

interpret, and they tend to play well with the order of limits issue inherent when choosing to

Taylor expand an integrand versus an integrated result. Physically, this can be traced to the

fact that power corrections that emerge from the loop expansion are localized at a scale. On

the other hand, logarithmic corrections arise when an integral receives contributions across

all scales. This feature of logarithmic corrections is straightforward to see by evaluating a

simple quadratically divergent integral using a cutoff regulator in the UV:

i

∫
d4`

(2π)4

1

`2 −m2
=

1

8π2

∫ ΛUV

0

d`
`3

`2 +m2

=
1

16π2

(
Λ2

UV −m2 log

[
m2 + Λ2

UV

m2

])
, (1.1)

where we Wick rotated and integrated over angles in the second step, and this integral is

IR finite so we can take the lower limit of integration to zero. Next, we imagine that we

are interested in taking ΛUV � m, and so you might think that we can Taylor expand the

integrand assuming small m, which yields

1

8π2

∫ ΛUV

0

d` `3 1

`2
=

1

16π2
Λ2

UV

1

8π2

∫ ΛUV

ΛIR

d` `3

[
−m

2

`4
+
m4

`6
+ · · ·

]

=
1

16π2

[
m2 log

Λ2
UV

Λ2
IR

+m4

(
1

Λ2
IR

− 1

Λ2
UV

)
+ · · ·

]
. (1.2)

where now the second (and higher order) integrals are IR divergent, so we introduce an IR

cutoff regulator ΛIR � m. So we see that the analytic properties in the IR for our expanded

integral do not track that of the full integral.5 This mismatch of the IR divergences is a

5 If we did this kind of manipulation using dimensional regularization, we would see that the expanded

approach yielded only scaleless integrals which vanish, making the contrast between the two “theories”

even more stark. A detailed discussion of scaleless integrals and dimensional regularization is provided in
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characteristic of working with the wrong EFT description, and we will go to great lengths

to ensure that the IR of our Full Theory and EFT agree.6

As we will emphasize many times in what follows, matching and running provides a

methodical approach that will allow us to Taylor expand before integration. Additionally, we

can augment this procedure using an interpretation in terms of an EFT operator expansion

organized by the power counting parameter. Imagine that the Full Theory includes

two dimensionful scales m � M , so that our power counting parameter is λ ∼ m/M .

Then one of the key aspects of matching between the two theories is that we want to

construct a description defined just below the scale M such that the EFT parameters are

fully determined by the UV Full Theory to arbitrary precision, and are furthermore

insensitive to the details of the IR. This implies that we must match between the Full

Theory and the EFT in such a way that the description of the physics at M is an analytic

function of m (for example, the EFT coefficients in the UV cannot depend on logm2/µ2).

This is critical since we need to be able to take these light parameters to zero without

causing any troublesome (non-analytic) behavior in the UV. Otherwise, the UV would know

about the IR, i.e., a breakdown of decoupling. If we want a local field theory description,

we must judiciously apply the methods detailed in these lectures to separate scales and

maintain perturbative control of our EFT. The magic happens if we can find the right EFT

description (and can be strong enough to keep track of all the various factors of two that

appear). Decoupling will save the day and yield a local improved perturbative expansion.

These lectures are organized around two settings. The first relies on a variety of simple

relativistic scalar field theories, with a light field of mass m and a heavy field of mass M .

Depending on the details of the interactions, a variety of interesting physical effects emerge.

After discussing the systematics of constructing EFTs and matching at tree level, we will

show how to account for the loop-level decoupling of heavy particle contributions to running

couplings, and we will see how the hierarchy problem appears in models with a large ratio of

scales (specifically we will clarify how to think about this issue from an EFT point of view

using dimensional regularization). We expect that much of what is presented in this first

part will be familiar to the reader. We will then move to the cornerstone of this section,

which is to show how we can separate scales that result from a loop with both a heavy and

a light propagator (see Sec. 3 E). Another benefit of first working within this more familiar

setting is that it provides us with the opportunity to frame setting up EFTs in a language

Primer B below.
6 Another feature of this example is that the logarithmic dependence on the physical scale m is naively lost

by using this incorrect approach to expanding in `/m. However, one could recover the full integral by

performing this expansion to all orders and then resumming the integrated results into a logarithm. Then

the limit ΛIR → 0 would be finite and we would recover Eq. (1.1).
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that easily generalizes.

The second main topic is to explore an EFT that captures the soft and collinear divergence

structure of relativistic quantum field theory. When there are light-like external states with

restrictions on the external particle phase space, these divergences can manifest as the generic

phenomenon of the Sudakov double logarithm. We will focus on setting up a scalar theory

that realizes a large Sudakov double log in the IR, and then will use the techniques of soft

collinear effective theory (SCET) to separate the scales inside this double log and sum it.

Learning SCET is useful due to its practical relevance to a wide variety of applications to

real world processes (see the discussion in Sec. 7 below). Additionally, it is of tremendous

pedagogical value to work out this example, since dealing with the highly non-trivial mode

structure of SCET will expose many of the issues that arise when attempting to separate

scales. We will close by making connections between the toy SCET theory and the realistic

version that is relevant for gauge theories with charged matter. Then in a final concluding

section, we will briefly touch on some physical applications of (Goldstone boson) EFTs and

SCET. Finally, note that a variety of Primer sections are provided along the way which

include technical details and conventions – while they are necessary for getting the right

factors of two, we have chosen to sequester them as their concepts are likely familiar to the

reader and could be skipped in a quick first pass reading of these lectures.

Before leaving the introduction, we will provide a general discussion of the scalar fields

and interactions that will be used throughout what follows. This will allow us to normalize

notation and emphasize some aspects of our approach using toy model EFTs.

A. The Scalar Playground

As has already been emphasized, the goal is to focus our attention on the EFT techniques

of matching and running. Essentially all of the physics of interest7 can be exposed in the

context of simple toy theories8 built out of a light real scalar field φ and a heavy real scalar

field Φ.

We will define the “Full Theory” using a Lagrangian that provides a good description

above a scale µ > M . Our various Full Theory models will utilize a subset of the following

7 The only example that will fall outside this set of toy models (where we will need to introduce an extra

scalar state χ) will appear briefly in Sec. 4 B.
8 Our scalar examples do yield a few minor idiosyncrasies, which will be highlighted as they are encountered.
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terms

LFull
Kin =

1

2

(
∂µφ
)(
∂µφ

)
− 1

2
m2 φ2 +

1

2

(
∂µΦ

)(
∂µΦ

)
− 1

2
M2 Φ2

LFull
Int = − 1

3!
a φ3 − 1

2
b φ2 Φ− 1

4
κφ2 Φ2 − 1

3!
ρ φ3 Φ − 1

4!
η φ4. (1.3)

Note that we are already breaking the EFT rules in the Full Theory (before we have even

stated them properly, see Sec. 2) in that we have set many terms to zero that are allowed

by the symmetries, e.g. φ, Φ4, φΦ3, and so on. Furthermore, as you will see below, we are

only going to analyze the impact on the IR dynamics from turning on one or two interaction

terms at a time. We are not claiming at any point to have completely captured all of the

physics implied by the Full Theory, but are simply using this toy approach to explore the

scalar one-loop integral structures of interest. Everything that will be done in what follows

is self consistent, it is just not generic.

Our goal will be to match a given Full Theory onto a low energy EFT. We do not

write down a general form for the EFT Lagrangian here, since the symmetries and power

counting depend on the interaction structure of the Full Theory, along with the chosen

process we want to compute; as we will see, our relativistic EFTs look very (very) different

from SCET.

We will quickly make contact with a simple example so that the path forward is clear.

Assume that there are two interactions, LFull
Int = −1

4
κφ2 Φ2 − 1

3!
ρ φ3 Φ, which have the

associated Feynman rules

= −iκ = −iρ . (1.4)

Then we can match this theory at a scale µ ∼M onto an EFT with only φ as a propagating

degree of freedom. We emphasize that technically this is a different φ field than the one in

the Full Theory. Diagrammatically, we see that LFull
Int induces a tower of local contact

operators in the EFT as one flows to the IR. For example, at tree-level in the Full

Theory we have diagrams like

�
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�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

, (1.5)
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while at loop level, we have diagrams like

�
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. (1.6)

All of these processes can be modeled using the EFT Lagrangian

LEFT =
1

2

(
∂µφ
)(
∂µφ

)
− 1

2
m2φ2 − 1

4!
C4 φ

4 − 1

6!

1

M2
C6 φ

6 − 1

8!

1

M4
C8 φ

8 + · · · , (1.7)

where we are neglecting higher dimension operators involving derivatives. Determining how

to map the Full Theory parameters κ and ρ onto the EFT parameters Ck is exactly the

kind of matching calculations we are going to perform in detail in what follows. Note that

the non-genericity of the UV theory leads to C4 being generated at loop level, while C6 and

C8 are generated by tree diagrams. If we had included η φ4 in the UV, then C4 would clearly

be generated at tree level as well. Also, note that there is a Z2 symmetry in the UV where

φ ↔ −φ and Φ ↔ −Φ simultaneously, which implies that no φ-odd terms are generated in

the IR (assuming no vevs are induced by loop effects).

Our hope is that this discussion has established the context of these lectures, and

motivated the reader to chase us down the rabbit hole. However, for the unconvinced,

we provide two appendices with more information and resources regarding the study of

EFTs. Appendix A provides a lightning fast overview of some important EFTs that appear

in nature. These examples highlight physical systems where the technical apparatus we are

going to develop can be applied. Then in Appendix B, we provide an annotated bibliography

to help the reader navigate the extraordinary resources that already exist on the topic of

EFTs, and in particular SCET. For those who are not interested in this detour, we turn

to the first topic of these lectures. Our starting point is to explain how to utilize a notion

of power counting to construct an EFT Lagrangian that additionally respects some set of

symmetries relevant to the physical process of interest.
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2. Power Counting and Symmetries

We begin by setting up the fundamental rules for building an EFT. The goal is to write

down a field theoretic description of the modes that continue to propagate as one flows to

the IR. Given these “light” degrees of freedom, one is then tasked to construct a kinetic term

that models their fluctuations, and to write down all allowed interactions, ideally following

some organizing principles. In these notes, we will emphasize situations where we not only

know the Full Theory, but it can be described perturbatively at the high scale where

we match onto the EFT. This allows us to utilize a matching procedure to determine the

Wilson coefficients at this matching scale, and then we can use the RGE to evolve the EFT

down to the low scale, thereby summing large logarithms and improving the convergence of

perturbation theory.

The two central concepts are “power counting” and “symmetry.” The idea of enforcing a

symmetry should be familiar to the reader from their background in quantum field theory,

and as such we will assume a working knowledge of this topic. Power counting generalizes

the idea of organizing a Lagrangian as an expansion in operator mass dimension. With an

appropriate identification of a power counting parameter λ, we perform this organization

by tracking an operator’s order in λ. For example, λ ∼ m/M will be our power counting

parameter for the example provided in Sec. 3 E below. First, we will explain the rules for

constructing and organizing the EFT Lagrangian, followed by their application to a number

of illustrative examples.

A. The Rulebook

If we are interested in probing the physics around energies E ∼ m, it is relatively

straightforward to calculate in field theories that contain only the single scale m. However,

our desire to model processes in the real world often forces us to solve more complicated

multi-scale problems. Therefore, it would be ideal to develop an approach for expanding

away scales such that we are left with a single-scale EFT to work with. As we will see, this

hope is realizable when we are working with theories whose scales are hierarchical. This

procedure will be organized around a power counting parameter λ ∼ m/M for m � M ,

such that observables are a Laurent expansion9 in terms of λ.

We want a systematic procedure that avoids the issues raised above when we compared

the unexpanded Eq. (1.1) with the improperly expanded Eq. (1.2). We can assume that

there are some other couplings α in the theory, such that we will ultimately perform a dual

9 It is a Laurent expansion since inverse powers of λ can also appear.



12

expansion in λ and α. Logarithms will generically be generated by the α expansion.10 When

we encounter a term that schematically takes the form αr logs λ for some integers r and s,

we will power count it as O(1), which tells us that if you want to improve the convergence

of the perturbative expansion, you must sum it to all orders.

The whole framework rests on the assumption that physics is local, in that poles in the

S-matrix can only be due to light particles going on-shell. This implies that we should be

able to integrate out heavy modes and encode their influence on the low energy physics

as an expansion in local interactions of the light fields suppressed by powers of 1/M , or

equivalently suppressed by additional powers of λ. Assuming we have perturbative control

of the Full Theory, we can “match” it onto an EFT as long as the IR limits for both

reproduces the same physics. The matching and running procedure is defined by [2]

i) Pick a physical process σ that only has IR degrees of freedom as external states.

ii) Compute the couplings in the EFT at a matching scale µM ∼ M by relating the

calculation of σ in the Full Theory and the EFT

δσEFT = σFull − σEFT . (2.1)

and extracting a relationship between the couplings to set δσEFT to zero.

iii) Evolve the EFT Wilson coefficients down to a low scale µL ∼ m using the RGEs

derived within the EFT.

iv) Compute the RG improved observable using the low energy EFT parameters.

The choice to match at a scale µM ∼ M is made to minimize the logs that appear in the

matching procedure. Then δσEFT will have a well defined Taylor expansion in terms of the

power counting parameter λ. Notice that we are ignoring mass dimension, contrary to the

way one traditionally orders operators. A term in the Lagrangian should be multiplied by

appropriate powers of M to yield a mass dimensionless action (when using natural units). It

can be helpful to interpret this M as defining the ruler by which everything else is measured.

In fact, EFT practitioners will often work in units where the dimensionful heavy scale M = 1,

since all that matters is the power counting.

10 Note that for an EFT like Heavy Quark Effective Theory, α is non-perturbative leading to the so-called

incalculable “brown muck.” However, it is not only possible to show that these contributions factorize

from the hard process, but one can also power count the non-perturbative corrections. This implies that

to a given power, only a finite number of non-perturbative parameters are required to predict an (in

principle) infinite number of observables.
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As a concrete example, we can consider the low energy limit of a toy theory with a

light scalar φ constructed using Eq. (1.3). We want to probe the theory at a low scale

sij/M
2 ∼ λ2, where sij = (pi + pj)

2 are the Mandelstam invariants, in the parameter space

where the momenta are small so that λ ∼ m/M � 1. In order to devise a power counting

scheme that respects Lorentz invariance, we need all the components of the φ momentum

pµ to scale homogeneously

pµ ∼M
(
λ, λ, λ, λ

)
∼ m

(
1, 1, 1, 1

)
, (2.2)

which implies that p2 ∼ M2 λ2 ∼ m2. Note that if pµ scales non-trivially with power

counting, then the canonically conjugate variable xµ must also scale such that our quantum

mechanical canonical commutation relations are unsuppressed: [x, p] = i ∼ O(1). This

means that the power counting for x scales as the inverse of the power counting for p. In

our example, Eq. (2.2) implies that d4x ∼ 1/λ4.

After a brief detour where we define many of the conventions that will be used throughout,

we will construct the unique kinetic term for our light scalar φ, by relying on symmetry and

power counting arguments alone. Then we will address interactions and local operators to

complete our picture of the EFT Lagrangian structure.

Primer A. Conventions

One goal of these notes is to make the source of subtle minus signs and factors of two

we will encounter as obvious as possible. To this end, before we get our hands dirty with

some actual calculations, we should establish some conventions. If ever in doubt, assume

we are following the conventional choices made in [3], except that we will define dimensional

regularization with d = 4− 2ε. Obviously, ~ = c = 1, and we will take the standard Fourier

transform convention that the measure in momentum space is d4p/(2π)4. We use the mostly

minus metric gµν = diag(+1,−1,−1,−1), and the index µ = 0, 1, 2, 3 = t, x, y, z.

We will be computing S-matrix elements using momentum space Feynman diagrams.

Specifically, a Feynman diagram should be interpreted as iA, where A is the amplitude or

(S-)matrix element. The iA are derived by applying the LSZ reduction procedure to the

time-ordered products of fields that can be extracted from the path integral using

(−i)n 1

Z[0]

∂nZ[J ]

∂J(x1) · · · ∂J(xn)

∣∣∣∣
J=0

= 〈0|Tφ(x1) · · ·φ(xn)|0〉 , (2.3)
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where Z[J ] is the generating functional

Z[J ] =

∫
Dφ exp

(
iS[φ] + i

∫
d4x J(x)φ(x)

)
, (2.4)

and J(x) are external currents. The action is computed using S =
∫

d4xL, which implies

that L carries mass dimension four.

The Lagrangian for a free scalar field φ0 is

LKin =
1

2

(
∂µφ0

)(
∂µφ0

)
− 1

2
m2 φ2

0 , (2.5)

from which one can derive the propagator

〈
0
∣∣T φ0(x)φ0(y)

∣∣0
〉

=

∫
d4p

(2π)4

i

p2 −m2 + i0
eip ·(y−x) , (2.6)

where the i0 factor is shorthand for taking the limit to zero from above – this choice yields a

time-ordered causal pole prescription.11 Then clearly the momentum space scalar Feynman

propagators are
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=
i

p2 −m2 + i0
. (2.7)

We will often drop i0 unless we are evaluating a loop integral using contours.

Speaking of contour integration, it is worth stating our prescription for integrating a

function f(z) along a contour in the complex plane that does not cross any branch cuts:
∮

γ

dzf(z) = 2πi
∑

k

Res(f, zk) , (2.8)

where the closed contour γ is taken to be counterclockwise, zk are the poles contained within

γ, and the residue of f at zk is

Res
(
f, zk

)
= lim

z→zk

[(
z − zk

)
f(z)

]
, (2.9)

when the zk are simple poles.

Finally, vertices get a factor of i from expanding the exponent of the path integral. For

example, if the interaction Lagrangian contains a term LInt = −κφ4/4!, or equivalently

11 We use the notation i0 instead of iε since we will reserve ε for the regulator in dim reg with d = 4− 2ε.
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V = κφ4/4!, then

= −iκ (2.10)

is the Feynman rule.

Gauge Theory

We will not encounter gauge theory until Sec. 6. But since we are defining conventions,

we might as well include these here. The covariant derivative is given by

Dµφi = ∂µφi − ig Aaµ
(
T a
)
ij
φj , (2.11)

where the generators satisfy the commutation relation

[
T a, T b

]
= ifabc T c . (2.12)

The Yang-Mills Lagrangian is

LYM = −1

4

∑

a

F a
µν F

aµν = −1

4

∑

a

(
∂µA

a
ν − ∂ν Aaµ + g fabcAbµA

c
ν

)2
. (2.13)

We will find it useful below to express the field strength tensor in terms of covariant

derivatives:

Fµν =
i

g

[
Dµ, Dν

]
, (2.14)

where for the non-Abelian case, this should be interpreted as a matrix expression with

Fµν = F a
µν T

a and Aµ = Aaµ T
a. Under a gauge transformation,

Aµ(x) −→ U(x)Aµ(x)U(x)† − i

g

(
∂µU(x)

)
U(x)† . (2.15)

where

U(x) = exp
(
iαa(x)T a

)
, (2.16)

and αa(x) is the gauge transformation parameter. In the infinitesimal limit, and expressing

this in terms of the adjoint gauge field with explicit indices, this reduces to

Aaµ(x) −→ Aaµ(x) +
1

g
∂µ α

a(x)− fabc αb(x)Acµ(x) . (2.17)
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Then for charged matter

φi −→ Uij φj . (2.18)

Field Redefinitions

One immediate consequence of the path integral formulation of quantum field theory is

that physical predictions are independent of field redefinitions [4, 5]

φ→ φ+ φ f

(
φ

Λ

)
, (2.19)

where Λ is a dimensionful parameter. This redefinition has no impact on observables since

Eq. (2.4) integrates over all configurations of φ(x), and the measure Dφ compensates any

change of variables due to the Jacobian. There is one additional effect, which is that this

change of variables can introduce new couplings to sources, but this does not typically lead

to any complications, see e.g. [6, 7] for a discussion.

After performing a field redefinition, it is typically convenient to then redefine the fields

such that their kinetic terms are diagonalized and canonically normalized. This is done with

an invertible matrix

φi −→ Kii′ φi′ , (2.20)

where the Kii′ matrix is derived by requiring that

L ⊃ 1

2
Zij
(
∂µφi

)(
∂µφj

)
−→ L ⊃ 1

2
ZijKii′ Kjj′

(
∂µφi′

)(
∂µφj′

)
=

1

2

(
∂µφi

)(
∂µφi

)
, (2.21)

where Zij encodes the initial non-diagonal kinetic term.

Additionally, it is typically useful to diagonalize the mass matrix, so that the propagators

are fully diagonal. Fortunately, if one is given a set of diagonal and normalized kinetic terms,

there is still the freedom to rotate the fields with a unitary transformation (or an orthogonal

transformation for the special case when φ is real)

L ⊃ −1

2
m2
ij φi φj −→ L ⊃ −1

2
UT
ii′ Ujj′ m

2
i′j′ φi′ φj′ = −1

2
m2
i φ

2
i , (2.22)

wherem2
i is the diagonalized mass matrix. This U transformation does not induce any kinetic

mixing terms since the unitary matrix passes through the diagonal kinetic terms. Now that

we have these terms in canonical form, one can still perform further field redefinitions that

will only change the structure of interacting Lagrangian.
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Equations of Motion

The principle of least action holds in quantum field theory as an operator statement:
〈

0

∣∣∣∣
∂L
∂φ
− ∂µ

∂L
∂(∂µφ)

∣∣∣∣ 0
〉

= 0 . (2.23)

It is straightforward to prove this by noting that the contribution to the path integral from

a variation of the action δS induced by a variation in δφ must vanish since φ → φ + δφ is

simply a field redefinition. This implies that one can always apply the equations of motion

to reduce the Lagrangian to a simpler or more useful form. A demonstration of how this

works practically at loop level can be found in [6].

Integration by Parts

As always in quantum mechanics, integration by parts is extremely useful:

f(φi)
[
∂µg(φi)

]
= −

[
∂µf(φi)

]
g(φi) , (2.24)

where the fields are assumed to vanish at ±∞.12

• Exercise: We conclude this section with an amusing exercise that demonstrates these

principles in action. Starting with a free scalar theory, we make the field redefinition

φ→ φ+ φ2/Λ, where Λ is some unspecified dimensionful parameter:

L =
1

2

(
∂µφ
)(
∂µφ

)
− 1

2
m2 φ2 +

2

Λ
φ
(
∂µφ
)(
∂µφ

)
− m2

Λ
φ3

+
2

Λ2
φ2
(
∂µφ
)(
∂µφ

)
− m2

2 Λ2
φ4 . (2.25)

Now it naively appears that the amplitude for the process φφ → φφ is non-zero.

However, we know that it must be zero since we have simply performed a field

redefinition of a free scalar. Show that the amplitude for φφ→ φφ is zero at tree-level

by explicit calculation.

12 Under the assumption that the field configuration does not carry any non-trivial topological structure.
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B. Constructing a Kinetic Term

In this section, we will take an overly pedantic walk through the steps for constructing

the kinetic term in the Lagrangian for our EFT scalar field φ(x). First, it must be quadratic

in the fields since the time ordered insertion of a field operator φ(x) followed by φ(y) yields

the propagations of a particle in spacetime from y to x. One approach to deriving a notion

of propagation is to start with a time foliation. This user specified choice is tied to the

definition of the Hamiltonian H, since it is this operator that generates time translations

in quantum mechanics. For a Minkowski frame, the obvious choice is the zero component

of a spacetime vector.13 Therefore, a kinetic term must involve at least one derivative with

respect to time, ∂0φ(x), and since we obviously want to build it covariantly, we must lift

this to the full partial derivative ∂µφ(x).

Next, we impose the symmetries of our theory. Since φ(x) is a Lorentz scalar and L is

also a Lorentz scalar,14 we must contract ∂µφ(x) with another Lorentz vector if it is going

to contribute to the Lagrangian. The only available vector is ∂µ. Putting all these pieces

together yields the following candidate Lagrangian for the kinetic term

L = Z1 ∂µ∂
µφ2 + Z2 φ ∂µ∂

µφ+ Z3

(
∂µφ

)(
∂µφ

)
, (2.26)

where Z1, Z2, and Z3 are constants.

Take the first term:

∂µ∂
µφ2 = ∂µ

(
2φ ∂µφ

)
= 2
(
φ ∂µ∂

µφ+
(
∂µφ

)(
∂µφ

))
, (2.27)

implying that this term can be absorbed by simply redefining Z2 and Z3. Next we can apply

integration by parts to the second term, which yields
∫

d4xφ ∂µ∂
µφ = −

∫
d4x

(
∂µφ

)(
∂µφ

)
, (2.28)

such that we can absorb Z2 into a redefinition of Z3. The result is the unique kinetic term

LKin = Zφ
1

2

(
∂µφ

)(
∂µφ

)
, (2.29)

where Zφ is the wave-function renormalization factor for the kinetic term, the sign choice is

fixed to yield positive kinetic energy, and the 1/2 yields the canonical normalization of the

propagator if we assume that Zφ = 1 + corrections, as it does in perturbation theory. Note

13 When we work with light-cone coordinates below to construct the kinetic term for a collinear fermion, the

choice of a time coordinate will be less obvious, see Sec. 6 D.
14 Technically L is only required to be a Lorentz scalar up to the parity and time discrete spacetime

transformations.



19

that Zφ does not carry any mass dimension, since the EFT kinetic term operator is mass

dimension four – of course this is by definition, since the requirement that the kinetic term

carry mass dimension four is what we use to determine the mass dimension for φ.

C. Power Counting for Fields

Now we can turn to the power counting for our field φ. We can interpret the propagator

as summing an infinite number of insertions of the kinetic operator. Therefore, we must

be able to insert a factor of this operator at no power counting cost. Assuming the power

counting for the φ momentum defined in Eq. (2.2),

pµ ∼M
(
λ, λ, λ, λ

)
∼ m

(
1, 1, 1, 1

)
, (2.30)

we find that that the kinetic term scales as λ2 λ2
φ, where each derivative scaling like λ is

inherited from the scaling of the φ momentum, and λφ is the power counting parameter for

φ. Recall from above that our power counting choice implies that d4x ∼ 1/λ4, such that

LKin ∼ λ4 so that the action for the kinetic term scales as O(1). We have derived

λφ = λ . (2.31)

We can additionally infer that marginal or leading power terms in our EFT will power count

as λ4. The same kind of argument will be revisited in SCET below, where we will see

that not all propagating EFT fields will have the same power counting. However, in our

relativistic EFT, we see that power counting is identical to organizing by mass dimension.

Note that there is another quadratic term consistent with the symmetries, namely the

mass term

L ⊃ 1

2
M2Cφ2φ2 . (2.32)

Note that the coefficient of this operator must carry mass dimension two. But the only

parameter around with mass dimension is M , which is why it appears explicitly in Eq. (2.32).

However, this is the scale we have integrated out to generate the EFT. But if Cφ2 ∼ O(1),

our “light” field φ has a mass of order the cutoff of the EFT, and the whole setup breaks

down! This argument is the conceptual source of the hierarchy problem – we will see this

same conundrum appear dynamically in Sec. 3 D below.

Obviously, we need φ to have a small mass. One consistent (albeit fine-tuned) choice, is

to take Cφ2 ∼ λ2 ∼ m2/M2. Then it becomes sensible to sum the mass into the propagator,

yielding the massive propagator given in Eq. (2.7). It is worth emphasizing that nothing in

this setup requires φ to have any mass at all. Once we tune the mass to zero at µM ∼ M ,
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it will stay zero within the EFT as emphasized in Sec. 3 D below.15

D. Interactions and Local Operators

For the sake of simplicity (and to emphasize the role of symmetry), we will assume that

the Full Theory has a Z2 symmetry that sends φ → −φ and Φ → −Φ simultaneously.

In other words, we are only allowing κ and η to be non-zero, using the notation defined in

Eq. (1.3) for LFull
Int . Since the physics we have integrated out at the scale µM ∼M does not

violate the Z2 symmetry, the EFT should manifest a Z2 as well, so we will only consider

terms with even powers of φ.

The leading interaction is

LEFT
Int ⊃ Cφ4φ4 ∼ λ4 , (2.33)

so it is a marginal operator in our EFT. We can do an arbitrary number of insertions of this

operator at no power counting cost. Marginal operators are usually considered part of the

interacting EFT Lagrangian, as opposed to being classified as a local operator.

When we go to higher power, we begin to encounter irrelevant operators. Due to the

Z2 symmetry of our EFT, they must scale as ∼ λ6 or higher. At next order, there are two

possible terms

L ⊃ 1

M2
Cφ6φ6 +

1

M2
C∂2φ4 φ2 ∂2φ2 , (2.34)

where M is the dimensionful high scale, and since φ ∼ λ and ∂ ∼ λ, both terms scale

as λ6. These are usually referred to as the “local operators” or “contact operators,” in

that they encode non-trivial interactions among many fields simultaneously evaluated at a

single spacetime point. Their role in the EFT is primarily to model the residual influence

of the heavy scale on the light system, that is mediated by off-shell physics near the scale

M . In this context, the division into a “propagating EFT” (that includes the propagating

modes and their super-renormalizable and marginal interactions) and the “local interactions”

is a reframing of the more familiar ideas of “renormalizable” versus “non-renormalizable”

theories. While this distinction might seem overly pedantic, for a more complicated EFT like

SCET, the UV and IR theories have dissimilarities, and furthermore the operator building

blocks for the local interaction Lagrangian take a still different form. For now, we can be

satisfied that power counting provides a consistent way to categorize our operators into

15 For a massless theory, it could be useful to define power counting in terms of sij/M
2, depending on the

process we are interested in modeling.



21

super-renormalizable, marginal, and irrelevant – keeping with the spirit of EFTs as we are

developing them, we will often refer to the classification of operators as instead being super-

leading power, leading power, and sub-leading power respectively.

The Operator Basis and the Hilbert Series

As should now be clear, there can be tremendous freedom when choosing a basis of

operators to work with, especially in situations with a large number of fields, e.g. the

Standard Model. In particular, the redundancies implied by integration by parts and

the equations of motion complicate the characterization of a basis. Ideally, one would

carefully pick the basis that would make a given calculation as straightforward as possible.

Furthermore, the RGE will tend to mix operators. If one needs to evolve the theory between

scales, then a complete basis is required, see e.g. [8–11] in the context of the Standard Model

EFT up to dimension 6.

Just to emphasize the point concretely, note that the equations of motion in the Standard

Model can be used to relate currents of fermions to derivatives of gauge/Higgs bosons as

JaGµ = gs
∑

quarks

f̄ γµ f ←→ DνGa
µν

JaW µ = g
∑

left

f̄ γµ
σa

2
f ←→ DνW a

µν −
i

2
g H†σa

←→
D µH

JBµ =
∑

matter

Yf f̄γµ f ←→ ∂νBµν −
i

2
g′H†

←→
D µH , (2.35)

for SU(3), SU(2), and U(1) currents respectively, and where all variable are taken as

the canonical Standard Model definitions, see e.g. [12] for details and applications to the

Standard Model EFT. Clearly, this implies that care must be taken when performing

calculations that depend on higher dimension operators in the Standard Model.

Given this complexity, an algorithm that would count the number of independent

operators for a theory of interest was an unsolved problem until recently. While the details

are beyond the scope of this review, it is worth briefly mentioning the ideas that underlie this

counting [13]. There is a technique which is colloquially known as the Hilbert series approach

that can be used to count the independent elements in the operator basis. This approach

was first applied to higher dimension operators in the Standard Model to construct flavor

and CP invariants [14, 15], which do not involve derivatives. Later, it was first shown how

to accommodate derivatives with this method as applied to a toy scalar EFT that lives in
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one-dimensional spacetime [16].16 Now the task of classifying higher dimension operators in

the Standard Model that include derivatives has been achieved [17–19]. There are in fact two

underlying approaches for dealing with operators involving momentum [16, 20]. The first is

a momentum space approach where polynomials of the momenta form an algebraic structure

known as a “commutative ring.” In this language, the equations of motion and integration

by parts redundancies are an “ideal” of the ring – the set of polynomials with these

redundancies removed is then the “quotient ring.” There is a complementary position space

picture for dealing with the redundancies that appear when operators include derivatives.

The first step is to identify each Standard Model field as a representation of the four-

dimensional conformal group. Then accounting for the equations of motion redundancies

is equivalent to “shortening” these multiplets. One then constructs all reducible tensors

with a given mass dimension by taking products of the shortened representations. Next,

one decomposes these reducible tensors into irreducible representations.17 The last step

is to extract the primary operator for each of these irreducible tensors using the Molien-

Weyl formula, which accounts for the integration by parts redundancies. The result is that

there are 2, 84, 30, 993, 560, 15456, . . . higher dimension operators for the Standard Model

EFT assuming a single generation of fermions, where this list corresponds to the number of

independent operators ordered in terms the operator mass dimension, starting at 5, see [19]

for details. Converting the output of the Hilbert series into explicit operators requires a

final step, see e.g [22, 23].

Accidental Symmetries and EFTs

One of the miraculous properties of the Standard Model is that baryon and lepton number

are accidentally conserved. Specifically, this means that if one takes the Standard Model

matter fields and writes down the most general set of operators that are allowed by gauge

invariance up to dimension four, global U(1) symmetries for lepton and baryon number

emerge. This idea of an accidental symmetry is ubiquitous in field theory. In the Standard

Model, there is a unique operator at dimension 5 [24]:18

L ⊃ 1

Λ

(
H L̄

)2

+ h.c. , (2.36)

16 The choice to work in one-dimension implies that the expansion in derivatives truncates at ∂2φ = 0,

dramatically simplifying the problem.
17 For recent progress automating this step, see e.g [21].
18 This operator accounts for the “2” referred to in the previous section [19], where the doubling is due to

their convention of taking the operator and its hermitian conjugate as independent.
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where L = (ν, e) is the lepton doublet, H is the Higgs doublet, we are assuming only one

generation for simplicity, and Λ is a dimensionful scale suppressing the operator. This

operator violates lepton number, since the gauge invariant contraction is proportional to L2

as opposed to L† L. When the Higgs is expanded about its electroweak symmetry breaking

vacuum, this operator leads to a Majorana mass for the neutrinos, mν ∼ v2/Λ. It has a

simple interpretation as being generated by integrating out a heavy right handed neutrino

using techniques that will be discussed below in Sec. 3 A, i.e., the seesaw mechanism. Going

to dimension 6, it becomes clear that baryon number can also be violated by new physics at

a UV scale, which for example can lead to proton decay. One compelling explanation for Λ is

to associate it with the scale of grand unification [25]. We see that the accidental symmetries

of the Standard Model, augmented by EFT reasoning, gives a compelling explanation for

both the smallness of the neutrino masses and the long lifetime of the proton.

More recently, accidental symmetries have been used to solve the hierarchy problem

(see Sec. 3 D below) in the context of the Twin Higgs mechanism [26]. These models rely on

a global SU(4) symmetry in the Higgs sector (which requires the addition of new “twin” Higgs

fields). However, the matter sector of the Lagrangian only respects a Z2 exchange symmetry,

and in particular does not require the new matter states to be charged under the Standard

Model gauge groups – for this reason, the study of models and signatures associated with

this clever application of accidental symmetries is often referred to as “neutral naturalness.”

The magic of this mechanism is that the SU(4) is maintained by the one-loop corrections to

the Higgs potential. In particular, a light pseudo-Goldstone Higgs state dynamically emerges

whose mass parameter is protected by the global symmetry breaking pattern SU(4)→ SU(3),

i.e., it does not receive a large quadratic contribution to its mass parameter. However, this

accidental symmetry is violated by higher loop effects. While the Twin Higgs approach and

its extensions [27–31] only postpone the hierarchy problem by a loop factor, they intriguingly

motivate novel phenomenological observables at the LHC, in cosmology, and for dark matter

detection, see e.g. [30, 32–39].

Now that we have laid the foundation for how to construct an EFT, we will turn to our

main line of inquiry. We will develop the technology to match a Full Theory onto an

EFT at both tree and loop level, and then run the couplings within the EFT in order to

maintain precision control of perturbation theory.
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3. Matching and Running

In this section, we explain the matching and running approach to scale separation.

Matching was defined schematically in Eq. (2.1). The procedure is formalized more carefully

in this section. First we work out examples at tree level (see Sec. 3 A) and then at one loop

(see Sec. 3 C through Sec. 3 E). Matching has two main purposes: it serves to connect

the coefficients of the EFT to a more fundamental UV description, and it eliminates any

non-analytic dependence on the IR parameters that the Full Theory Feynman diagram

expansion might manifest. Once matching has been performed, we will show how to derive

a set of RGEs that can be integrated to run couplings from the high scale µH to a low scale

µL. The perturbative expansion in terms of the low-scale EFT parameters displays improved

convergence, since logarithms are absorbed into the running of these couplings.

We will encounter a number of technical and conceptual issues along the way. After our

tree-level example, we will detour into a series of two Primers. The first provides a review

of dimensional regularization, the modified minimal subtraction scheme, and then explains

the vanishing of dimensionally regulated scaleless integrals. This is followed by a Primer on

RG evolution, where we show how to derive RGEs. Then we move back into the lectures,

where we provide a simple computation of an anomalous dimension of an operator and use

it to run the relevant coupling. We then turn to a number of interesting subtleties that

appear when matching at loop level. First, we will explore the EFT approach to decoupling

the contributions to the anomalous dimensions from heavy particles, when using a massless

regulator such as dim reg. This is followed by a calculation to highlight the implications of

integrating out a heavy state in a model with a light particle whose mass is not protected by

a symmetry – the hierarchy problem. We will additionally see how EFT reasoning clarifies

some confusing aspects of how this problem manifests when using dim reg. Finally, we

will present the most important calculation of this section, where we separate scales for a

“heavy-light” logarithm. Up until this point, the need for the RG will have been an obvious

consequence of the apparent dependence on an unphysical renormalization scale. In Sec. 3 E,

we will explore a toy model from which emerges a logarithm that is a function of only physical

scales. This provides the opportunity to explore how matching can be used to introduce

scale dependence, paving the way to derive a set of RGs. We will end this section with an

introduction to the method of regions using our heavy-light log as an example application.

Although this technique is overkill for the simple case we are presenting here, it will be

critical to our understanding of and ability to calculate within SCET.
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A. Tree-level Matching

Our goal in this section is to learn how to integrate out a heavy particle at tree level,

to express the Full Theory dynamics as an EFT expansion in terms of the light particle

interactions. We will match these two theories at a scale µM ∼M . For simplicity, the only

interaction we will turn on in the Full Theory is19

LFull
Int = −1

2
b φ2 Φ . (3.1)

The first step is to pick a process.20 We will match the two theories by equating φφ→ φφ

at the scale µM . Note that while we will not be careful to distinguish them, the Full

Theory field φFull is not the same as the EFT field φEFT. In the case of matching across a

relativistic threshold at tree-level, this distinction is not critical, but we will see it manifest

non-trivially below in SCET, where the EFT degrees of freedom take a different form than

those in the Full Theory. However, note that if we were investigating the detailed loop

structure of this example, these differences would manifest in a variety of ways, e.g. the

wave-function renormalization for φFull would be different from that of φEFT.

Next, we need to write down an EFT Lagrangian that can capture the physics at scales

µL � M . Clearly our EFT cannot include Φ as a dynamical degree of freedom, since by

construction the EFT is valid when there is not enough energy available to create this heavy

state.21 However, when working with loop diagrams one is still supposed to integrate over

all momenta, so one might naively expect that Φ must still be included in loop calculations.

To see why this is not the case, we can appeal to unitarity. Specifically, the optical theorem

implies that if there are no external Φ particles in Feynman diagrams, then any loop involving

Φ cannot be put on-shell. This in turn tells us that all dependence on the mass of Φ must

be analytic, i.e., there can be no logs that depend on M generated within the EFT, and all

M dependence that contributes to φφ → φφ can only result from the matching procedure

that determines the local operator structure of the theory at low energies. In other words,

it is completely sensible to use an EFT to describe the physics at low energies to arbitrary

order in perturbation theory.

19 Disclaimer: For the last time, we will note that this (and all of our examples) will involve a non-generic

choice of the couplings in the UV Full Theory. In particular, if we run the couplings in the Full

Theory to a scale much higher than µM additional operators would be induced. This effect will play no

role in the physics of interest here.
20 While this is not strictly necessary when integrating out a heavy particle relativistically, our goal is to

present the more familiar example in a way that parallels the SCET approach discussed below.
21 There are techniques for treating the fluctuations of a heavy field Φ at low energies. This is known as

heavy quark effective theory, and it is mentioned in Appendix A below.
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Since our Full Theory respects a Z2 symmetry that acts on the light field, we should

enforce φ→ −φ within the EFT as well.22 This restriction (plus Lorentz invariance) implies

that our EFT Lagrangian takes the form

LEFT =
1

2

(
∂µφ
)(
∂µφ

)
− 1

2
m2 φ2 − 1

4!
C(4,0) φ

4

− 1

6!

1

M2
C(6,0) φ

6 − 1

4

1

M2
C(4,2) φ

2
(
∂2φ2

)
+ · · · , (3.2)

where C(i,j) are the Wilson coefficients specified by the number of fields i and the number

of derivatives j, and we have included factors of M to make all the Wilson coefficients

dimensionless.23 Next, we define our power counting in the m � M limit as we did above

in Eq. (2.2):

pφ ∼M
(
λ, λ, λ, λ

)
. (3.3)

Following the same logic that led to Eq. (2.31), we find that φ ∼ λ and ∂ ∼ λ. This allows

us to power count our operators, and we see that φ4 ∼ λ4, φ6 ∼ λ6, and ∂2φ4 ∼ λ6. Our

operator expansion organized by mass dimension is ordered in power counting.

Now we are ready to compute φφ→ φφ at low energies in both the Full Theory and

the EFT. We begin with the Full Theory calculation

+ t -channel

+u -channel
= iAFull = −ib2

∑

s,t,u

1

p2
Φ −M2

= −ib2

(
1

s−M2
+

1

t−M2
+

1

u−M2

)

= −ib2

(
− 1

M2

)(
3 +

4m2

M2
+
s2 + t2 + u2

M4
+ · · ·

)

∼ b2

M2

(
1 + λ2 + λ4 + · · ·

)
, (3.4)

where in the second line we have power expanded the amplitude assuming our external fields

have small momentum s, t, u ∼ m2 ∼ λ2, and we have used the fact that s + t + u = 4m2.

Recall that b carries mass dimension and the appearance of M ensures that amplitude has

22 Of course, we do not need to enforce this. We could instead include all possible higher dimension operators

and then matching would set the Wilson coefficients of operators that violate this symmetry to zero.
23 We caution the reader that one can get confused about dimensional analysis when restoring factors of ~

due to the fact that the choice of dimensionful suppression scale is often defined to include masses and

couplings, such that the scale fundamentally does not have the same units as mass.
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the same dimensions as the four point amplitude in the EFT. This diagram produces a

Taylor expansion in λ as expected.

Next, we compute φφ→ φφ in the EFT. At tree-level, this is given by the φ4 interaction

in the EFT Lagrangian,

= iAEFT = −iC(4,0) . (3.5)

Finally, we are ready to match. At tree level, we simply equate the two amplitudes

iAFull = iAEFT , (3.6)

order by order in λ, where we have chosen the same kinematics within both the descriptions

(this is trivial here, but is important for more complicated examples). Since we are working

with tree-level amplitudes, there are no logarithms to worry about and this matching is

completely straightforward:

iAFull = = 3i
b2

M2
= −iC(4,0) = = iAEFT , (3.7)

where we have truncated to leading order in λ. Here the blue dot represents the fact that

we have shrunk a heavy propagator to a point. Technically, we should keep in mind that

we match this onto the EFT at the scale µM = M , implying that our matching procedure

yields

C(4,0)

(
µM
)

= −3

(
b
(
µM
)

M
(
µM
)
)2

. (3.8)

However, since we are working at tree-level, there is no scale dependence to keep track of –

we will have to keep careful track of these scales when we match at loop level in Sec. 3 C

below. Additionally, for a more complicated matching calculation one must address the

choice of EFT operator basis, as discussed in Sec. 2 D above.

• Exercise: The higher power terms computed in Eq. (3.4) include a contribution to

C(4,0) and to C(4,2). You should first convince yourself that we have captured the

complete basis of operators with two derivatives and four fields, and then determine

both the C(4,0) and C(4,2) Wilson coefficients at O(λ2) power.
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Finally, there is one more interesting subtlety to point out. When matching, we should

only include the contributions that are one-φ-particle irreducible. For example, one might be

tempted to compute a matching coefficient C(6,0) using a diagram in the Full Theory with

six external φ states. However, this process is already contained within the EFT through

diagrams

�
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=
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�
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, (3.9)

where one must permute the labels to account for all the channels on both sides of the equals

sign to reproduce detailed agreement. Physically, the EFT captures the effects of shrinking

Φ propagators to a point and Taylor expands around that limit, so that all φ lines must be

left propagating at the matching step. Therefore, C(n,0) = 0 for all n > 4 in this EFT, which

is another non-generic aspect of this example. Next, we will demonstrate a technique for

computing the matching coefficients that relies on the equations of motion for Φ, making

the concept of “integrating out” the heavy particle manifest.

Matching and the Equations of Motion

In this section, we connect the diagrammatic approach that was just explained with a

convenient method that relies on the equations of motion for Φ. Starting with the Full

Theory Lagrangian, whose interacting part is given in Eq. (3.1), we can derive the equations

of motion for Φ following the standard Euler-Lagrange procedure:

(
2−M2

)
Φ =

b

2
φ2 =⇒ Φ =

b

2

1

2−M2
φ2 , (3.10)

where dividing by the propagator is interpreted as formally solving for Φ; since we are

interested in the EFT where Φ is far off-shell, we will not encounter any subtleties (such

as contact terms) when interpreting this expression. Plugging Eq. (3.10) back into the

Lagrangian yields

LFull
Int = − b2

8
φ2 1

2−M2
φ2 . (3.11)

This is still equivalent to the Full Theory Lagrangian, since we have only used the

equations of motion to rewrite it. Although this is an obscure way to write the theory if

we are interested in physics that depends on external Φ fields, it is useful for taking the
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low energy limit. Using our expansion parameter λ, we have 2/M2 ∼ λ2 since the (inverse)

derivatives act on φ.24 Then the EFT can be derived by simply Taylor expanding in λ

LEFT
Int = − b2

8
φ2

(
− 1

M2

)
φ2 − b2

8
φ2
(
− 2

M4

)
φ2 + · · · . (3.12)

This gives another way to see that the EFT is simply a Taylor expansion in λ of the Full

Theory. Just to make sure all the factors work out correctly, we can derive a Feynman rule

for the φ4 interaction from this Lagrangian, which has a coefficient −3b2/M2. This agrees

with the derivation in Eq. (3.7) that utilized diagrammatics.

The equation of motion approach is extremely useful at tree level, but becomes much

less straightforward at loop level. However, this technique has a beautiful path integral

interpretation. Recently, it has been shown how to perform matching and running

at one-loop order using the path integral directly [40–42], with applications to the

higher dimensional operators for the Standard Model [43–47]. However, we will stick to

diagrammatics as we move on to loop-level effects. Before we are ready to calculate any

loops, we will need the technology discussed in the following two Primers.

Primer B. Dimensional Regularization

Dimensional regularization (dim reg) [48, 49] is otherworldly. We are taught to worship it

in our quantum field theory courses primarily because it respects gauge invariance, but also

since it can be applied with relative ease. Furthermore, the way in which dim reg regulates

integrals respects EFT power counting. Related to this fact is the remarkable property that

scaleless integrals vanish when using dim reg. So much of our EFT formalism beyond tree

level is made simpler by this wonderful fact, and we will see the connection to maintaining

manifest power counting concretely as we work through some examples. This feature of

dim reg also underlies the difference between Wilsonian and continuum RG approaches as

discussed in Primer C below.

The idea for dim reg is to start with an integral that diverges in d = 4 dimensions, and

regulate it by deviating away from four dimensions by a small amount ε. We will use the

convention d = 4− 2ε throughout.25 As we will see below, this implies that our divergences

24 Inverse derivatives might seem disturbing at first, but they can be understood by Fourier transforming,

and working at finite p2. Note that an inverse derivative is often a sign that a theory is non-local. A

non-local theory would emerge if we attempted to integrate out a light mode that should have been kept

as a propagating degree of freedom to low energies.
25 A word of caution here: many books including Peskin & Schroeder [50] and Schwartz [3] use d = 4 − ε,

such that they always get the combination 1/ε+ logµ/M.
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will always have companion logarithms in the combination 1/ε+ log µ2/M2, where µ is the

renormalization scale and M is in general a dimensionful combination of parameters.

When we change the dimension of spacetime, we also alter the mass dimension of our

fields. To derive this effect, we start with the fact that the action is dimensionless for any

choice of spacetime dimension. Then the kinetic term for a scalar field is simply

S =

∫
d4x (∂µφ)(∂µφ) −→ S =

∫
d4−2εx (∂µφ)(∂µφ) . (3.13)

Using
[
S
]

= 0 and
[
d4−2εx

]
= −(4 − 2ε), where we are using the standard notation that

[...] returns the mass dimension of the object inside the brackets, we find

[
(∂µφ)(∂µφ)

]
= 4− 2ε . (3.14)

Note that the mass dimension of derivatives does not depend on spacetime dimension since[
− i∂µ

]
=
[
pµ
]

= 1 for any d. So the mass dimension of our field is

[
φ
]

= 1− ε . (3.15)

We can then apply this to interactions:

L ⊃ 1

4!
C4 φ

4 −→ L ⊃ 1

4!
C4 µ

2ε φ4

L ⊃ 1

6!

1

M2
C6 φ

6 −→ L ⊃ 1

6!

1

M2
C6 µ

4ε φ6 , (3.16)

where the dimensionful parameter µ appears so that the couplings remain dimensionless

when d = 4− 2ε. Note that the small ε expansion of µ2nε → n log µ2 for an integer n.

We will simply quote the following general result, since it is derived in any number of

introductory field theory books, e.g. [3, 50]:

∫
dd`

(2π)d
1

(`2 −M2)b
=

i

(4π)d/2
(−1)b Γ(b− d/2)

Γ(b)

(
M2

)d/2−b
, (3.17)

where M is some combination of variables that carries mass dimension. Since we will only

perform scalar integrals with trivial numerators, this will be the only form that appears

below. This evaluation utilized a Wick rotation [51] such that a one-loop integral over one

(two) propagator picks up a factor of −i (i). These annoying factors of i and signs will be

important for the matching calculations that follow. For the reader who wishes to take their

understanding of dim reg to the next level, the Collins book on renormalization [52] is an

incredible resource that contains many formal details.

Since we will use them extensively, it is worth presenting the small ε expansion for two
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specific cases:

µ2ε

∫
dd`

(2π)d
1

`2 −M2
=

−i
(4π)2−ε

Γ(ε− 1)

Γ(1)

(
µ̃2

4π e−γE

)ε(
1

M2

)ε−1

=
i

16π2
M2

(
1

ε
+ log

µ̃2

M2
+ 1

)
+O(ε)

[
one propagator

]
, (3.18)

and

µ2ε

∫
dd`

(2π)d
1

(`2 −M2)2
=

i

(4π)2−ε
Γ(ε)

Γ(2)

(
µ̃2

4π e−γE

)ε(
1

M2

)ε

=
i

16π2

(
1

ε
+ log

µ̃2

M2

)
+O(ε)

[
two propagators

]
, (3.19)

where M has mass dimension one, and we have introduced the notation

µ̃2 = 4π e−γE µ2 , (3.20)

where γE is the Euler-Mascheroni constant. Then the minimal subtraction scheme
(
MS
)

is implementing by first writing integrated results in terms of the MS scale µ̃, and then

defining the nth loop counterterms so that they cancel terms proportional to 1/εn for n > 0,

see more discussion below in Primer C. Note that if you have used Feynman parameters

(discussed next) to manipulate your integral into the general form in Eq. (3.17), you must

integrate over these parameters before expanding in ε, assuming your goal is to correctly

capture all of the logarithmic dependence.

Combining Denominators

We will use the Feynman parameter trick for combining propagators:

1

AB
=

∫ 1

0

dx
1

[
xA+ (1− x)B

]2 , (3.21)

which generalizes in the case of n propagators to

1

A1A2 · · · An
=

∫ 1

0

dx1 · · · dxn δ
(∑

xi − 1
) (n− 1)![

x1A1 + · · ·+ xnAn
]n . (3.22)

We will also use a less well known variation of this trick that is useful when one encounters

linear denominator factors. Starting with the simple case where A is a standard quadratic
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propagator and b is linear,

1

Ab
=

∫ ∞

0

dy
1

(A+ b y)2
, (3.23)

where the y integral runs from zero to infinity, and y can carry mass dimension as needed

for consistency. This generalizes to the case of n linear propagators as

1

Ab1 b2 · · · bn
=

∫ ∞

0

dy1 · · ·
∫ ∞

0

dyn
n!

[
A+ b1 y1 + · · ·+ bn yn

]n+1 , (3.24)

and for higher powers of both propagators

1

An bm
=

Γ(m+ n)

Γ(m) Γ(n)

∫ ∞

0

dy
ym−1

(A+ y b)n+m
, (3.25)

where again A is a quadratic Feynman propagator and b is linear, and n and m are positive

integers. We will use these formulas to compute loop corrections in SCET.

Scaleless Integrals Vanish

This subsection will devote some effort to convincing you that scaleless integrals vanish

in dim reg. The phrase “scaleless integral” refers to a loop integral whose integrand has no

dependence on a physical scale that carries mass dimension. Conceptually, one reason that

scaleless integrals must vanish is that dim reg generates logarithms of the RG dimensionful

scale µ, and, since the argument of a log must be dimensionless, there must be some other

scale around to produce a consistent non-zero result. The absence of such a scale implies

that the integral must return zero.

Take a scaleless integral that is naively both UV and IR divergent, and simply evaluate

it by enforcing a UV and an IR cutoff, ΛUV and ΛIR respectively:

I =

∫
d4`

(2π)4

1

`4
=

i

8π2

∫ ΛUV

ΛIR

d`
1

`
=

i

16π2
log

Λ2
UV

Λ2
IR

, (3.26)

where in the second step we have Wick rotated. Note that when using a cutoff regulator,

the integral is non-vanishing. However, the logarithm only depends on unphysical ΛIR and

ΛUV regulator scales, so care must be taken when interpreting this result, since it is clearly

scheme dependent.

Next, we can see that this integral vanishes when using dim reg. We can rewrite Eq. (3.26)

so that it is regulated by dim reg (see e.g. [53])

I = µ2ε

∫
dd`

(2π)d
1

`4
. (3.27)
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By introducing a mass scale m, we can rewrite the integrand as

1

`4
=

`2

`4(`2 −m2)
− m2

`4(`2 −m2)
, (3.28)

which allows us to break the integral into UV and IR divergent terms26

IUV = µ2ε
UV

∫
dd`

(2π)d
1

`2(`2 −m2)
=

i

16π2

(
1

εUV

+ log
µ̃2

UV

m2
+ 1

)
+O

(
εUV

)

IIR = µ2ε
IR

∫
dd`

(2π)d
m2

`4(`2 −m2)
=

i

16π2

(
1

εIR
+ log

µ̃2
IR

m2
+ 1

)
+O

(
εIR
)
, (3.29)

where I = IUV−IIR, we have used the three denominator version of Eq. (3.22) to simplify the

second integral, and we then applied Eq. (3.17) to evaluate the loop integral, and integrated

over the Feynman parameters. Since we want to interpret this as two contributions to the

same integral, we should take µ̃2
UV = µ̃2

IR

I =
i

16π2

(
1

εUV

− 1

εIR

)
= 0 , (3.30)

where the last equality is true when we take εUV = εIR. This makes precise the notion that

scaleless integrals vanish in dim reg.

• Exercise: Derive Eq. (3.29).

The feature that scaleless integrals vanish is very generic, and includes situations where

the integrand is also a function of single components of the loop momentum. For example,

integrals that depend on ` · v, with vµ = (1, 0, 0, 0), show up in heavy particle EFTs, or

factors like ` · n, with nµ = (1, 0, 0, 1), appear in SCET.

• Exercise: Show that
∫

dd`

(2π)d
1

`2 (v · `)2
= 0 , (3.31)

where v = (1, 0, 0, 0).

Note that this also sharpens the notion of introducing an IR regulator as a way to isolate

the UV divergent part of an integral. If we wanted to extract the dim reg UV divergence of

our integral in Eq. (3.27), we can regulate the IR by hand through the introduction of a small

26 Note that for both of these integrals we are using d = 4 − 2ε with ε > 0. This is a reasonable choice for

IUV since it converges for d < 4. However, IIR only converges if d > 4, and thus it should be regulated

using d = 4 + 2εIR. Then by analytically continuing εIR → −εIR, we derive the result in Eq. (3.29).
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mass parameter m. One might choose to regulate the integral as IUV given in Eq. (3.29), or

one could make an equally reasonable choice

I = µ2ε

∫
dd`

(2π)d
1

(`2 −m2)2
=

i

16π2

(
1

εUV

+ log
µ̃2

UV

m2

)
+O

(
εUV

)
, (3.32)

which is just the integral given in Eq. (3.19). Both approaches yield the same coefficient of

1/εUV, the avatar of the UV divergence, which could then be used to derive an anomalous

dimension. However, note that the finite terms are different. This implies that if one is

interested in the physics associated with the finite terms (as we will be in what follows),

then care is required to ensure that the IR has been consistently regulated in the same way

across all diagrams, for both the Full Theory and EFT descriptions.

Primer C. Renormalization Group Evolution

Quantum field theory predicts the behavior of observables once a set of reference

measurements have been fixed. This allows one to derive couplings that are finite to a given

order in perturbation theory, and can in turn be used to make finite predictions. Logarithmic

dependence can be absorbed into running couplings, whose evolution is governed by a set of

RGEs.

From a more practical perspective, renormalization and RG evolution are an artifact of

one of the inherent inefficiencies of the Feynman diagram expansion. As opposed to being

able to calculate finite matrix elements directly, Feynman loop integrals are often divergent,

and counterterms must be included to derive a physical result. This procedure leaves

behind logarithms, which can in principle become large enough to disturb the perturbative

expansion. Fortunately, RG techniques allow us to derive a set of RGEs that can be

integrated to sum these large logarithms and improve the convergence of perturbation theory.

Specifically, we will see that the RG improved coupling C as a function of a scale µ can

schematically take the form (e.g. see Eq. (3.59) below)

C(µ) =
C(Λ)

1− γC C(Λ)
16π2 log µ2

Λ2

, (3.33)

where Λ is some reference scale and γC is the anomalous dimension (up to normalization).

If our coupling C is perturbative, and we take µ ∼ Λ, then the logs are small and so we

could choose to expand Eq. (3.33) and truncate to finite order depending on the precision

required

C(µ)Expanded = C(Λ)×
[

1 +
γC C(Λ)

16π2
log

µ2

Λ2
+

(
γC C(Λ)

16π2
log

µ2

Λ2

)2

+ · · ·
]
' C(µ) . (3.34)
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However, when µ� Λ or vice versa, the scale dependence of the coupling can no longer be

neglected, and the use of the RG improved coupling in Eq. (3.33) dramatically improves our

control of the perturbative expansion by accounting for the largest logarithms that appear

to all-orders.

This discussion puts phrases like “spoil the convergence of perturbation theory” into

context. This choice of language should not be interpreted as literally implying that

perturbation theory no longer holds. It is worth noting that a scale does exist where the

couplings truly become non-perturbative as a result of the presence of large logarithms.

This leads to an effect known as “dimensional transmutation,” and will be discussed around

Eq. (3.64) below.27 However, even when probing the theory far from the Landau pole, one

is typically interested in making the most precise predictions possible, and so it is clear that

making a scale choice to minimize the size of logarithms is ideal.

There is additionally a non-trivial interplay between the RG improved coupling and

the fixed order corrections that will appear in the improved perturbative expansion, as

will be emphasized many times in the examples that follow. We will see one important

consequence of these fixed order effects when we study cases where large logarithms arise

that are not a function of the RG scale µ̃. We will learn to interpret these large logarithms

as the manifestation of working with the “wrong” effective description, and to apply the

techniques of matching and running to sum them. Furthermore, we will emphasize the

appealing conceptual picture of flowing from a UV Full Theory in terms of one set of

degrees of freedom to an IR description that can appear very different. The goal of this

Primer is to remind us how to derive a set of RGEs for a given theory.

When reading about renormalization, one might encounter the statement, which is usually

credited to Georgi [54], that there are two types of RGs. The “Wilsonian RG” comes with

an intuitive physical picture of integrating out successive momentum shells. This was put

on even more rigorous formal footing in a beautiful paper by Polchinski [55]. The idea of

integrating out degrees of freedom to arrive at a coarse grained description also plays a role

in condensed matter physics and the theory of phase transitions, see e.g. the classic Wilson

and Kogut review article [56]. And as has been emphasized here, the use of the RG to

connect different EFTs is tied to the principle of locality in quantum field theory.

Unfortunately, the Wilsonian RG point of view introduces some calculational complexity.

27 This statement is true of UV logs, where a breakdown of perturbation theory is tied to the running

coupling becoming larger than 4π. However, when working with IR logs, the NLO cross sections can

become negative due to a large contribution schematically of the form 1−α/(16π2) log2(M2/m2) while α

is still perturbative. This is an obvious breakdown of the perturbative expansion. In such a case, one can

tame this issue by RG improving perturbation theory, which provides a sensible controlled prediction.
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One obvious issue is that integrating out a momentum shell imposes a hard cutoff which

breaks gauge invariance. Hence, when using this approach one must carefully restore gauge

invariance through the appropriate choice of renormalization prescription order by order in

perturbation theory. We will avoid these complications by utilizing what Georgi calls the

“continuum RG” picture, which is essentially an interpretation of the RG as implemented

when using dim reg. At its core, this approach relies on the vanishing of scaleless integrals

to allow the user to integrate over all momenta. So even when working within an EFT that

is defined with respect to a cutoff ΛUV, one can still integrate the loop momenta over the

infinite domain. The claim is that the regions of momentum that lie outside the regime

of validity for the EFT only yield scaleless contributions to the total integral, so we might

as well integrate over them, simplifying our calculations dramatically. Specifically, we can

naively apply the dim reg formulas discussed in the previous Primer, even when we are

working with an EFT that is only valid up to some finite cutoff scale. We will put this

vague discussion on much stronger mathematical footing when we introduce the “method of

regions” [57] for expanding loop integrals, first in Sec. 3 F and then in Sec. 4 A and Sec. 4 B

below. For now, the rest of this Primer is devoted to technical aspects of the continuum

RG implemented in the MS scheme.

Deriving Renormalization Group Equations

A bare Wilson coefficient C0 is related to a renormalized one Cr through the use of a

counterterm Z:28

C0 = Z µnεCr , (3.35)

where we have included a factor of µnε to ensure that the coupling remains dimensionless as

in Eq. (3.16), and n is an integer that depends on the mass dimension of the operator being

renormalized, see Eq. (3.16). For a perturbative model,

Z = 1 +O
(
Cr, αr

)
, (3.36)

28 Disclaimer: Technically this expression is missing the wave function renormalization factors associated

with the fields that appear in the operator. For all the examples considered in these lectures, the one-loop

wave function renormalization vanishes, and so we will not include them for simplicity. We caution the

reader that these factors appear at one-loop order in most realistic cases, and therefore must be tracked.
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where Cr is the renormalized Wilson coefficient, and αr are additional renormalized couplings

within the theory, e.g. a gauge coupling.29 Counterterms are scheme dependent. We will use

MS, so our prescription is that counterterms are derived by enforcing that they cancel all the

terms which diverge as ε→ 0 then Z−1 is the infinite correction generated by perturbation

theory. After using Eq. (3.20) to redefine µ→ µ̃, the MS RG scale is identified with µ̃.

The premise of the RGE (also known as the Callan-Symanzik equation [58–60]) is that

the bare Lagrangian cannot depend on the unphysical RG parameter µ̃

0 = µ̃
d

dµ̃
C0 = µ̃

d

dµ̃

(
Z µnεCr

)
. (3.37)

From here forward, we will specialize to an example for concreteness. We will encounter

some subtle factors of two, which is a reminder that it is typically good practice to derive

RGEs from scratch by starting with Eq. (3.37) for a given theory of interest.30 We want

to derive the RG evolution of the coupling C4 in a scalar non-renormalizable EFT with

interactions31

LInt
EFT ⊃

1

4!
C4 φ

4 +
1

6!

C6

M2
φ6 , (3.38)

where the Wilson coefficients C4 and C6 are dimensionless. Then we can evaluate Eq. (3.37)

29 Disclaimer: There are many conventional choices one can make for how to define the counterterms, which

in principle modify the general form of the RGE defined below in Eq. (3.46). For example, [50] defines the

counterterm for λφ4 interactions as −iδλ (see Fig. 10.3 and the one-loop result in Eq. (10.24)), while [3]

defines the same counterterm vertex as −iλ δλ (see the inline result for δλ directly below Eq. (23.94)). Yet

another alternative formulation writes Z as a matrix, see e.g. Eq. (12.108) of [50]. This matrix formulation

has the advantage that one can interpret the off-diagonal γij elements as capturing all the physics that

results from operator mixing, when the dependence on the Wilson coefficients is linear, but this will not

always be the case for our examples. Here, we choose to follow the conventions in [3]. This unfortunately

obscures a simple operator mixing interpretation of γij . As we will see explicitly in the examples that

follow, both γii and γij will have contributions from operator mixing.
30 If only working to one-loop order, it is often simpler to just compute the log derivative of the renormalized

coupling directly to extract the RGE, and then integrate the result to exponentiate the relevant logs.
31 For simplicity, we will not include the operators with derivative dependence, and are therefore using a

simplified notation C4 = C(4,0).
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order by order in perturbation theory. At tree-level

0 = µ̃
d

dµ̃
C0

4 = µ̃
d

dµ̃

(
Z4 µ

2εCr
4

)

= µ̃



�
�
�
��>

0
1

Z4

dZ4

dµ
+

1

Cr
4

dCr
4

dµ
+

1

µ2ε
2ε µ2ε−1



�
�7

1
Z 4C

r
4 µ̃

2ε

=⇒ dCr
4

d log µ̃2
= −ε Cr

4

[
LO
]
, (3.39)

where in the last step we rewrote the derivative to be with respect to log µ̃2 and absorbed a

factor of 2 in the process, and we have used the fact that Z4 = 1+ · · · , and ε µ2ε → ε+O(ε2)

as ε → 0. This classical result is simply the statement that the dimension of the operator

changes as a function of the spacetime dimension32

γclassical
4 =

1

Cr
4

dCr
4

d log µ̃2
= −ε , (3.40)

where γ4 is the anomalous dimension for the operator C4. We can perform the same

manipulations for the term Z6C6 φ
6/M2 → Z6 µ

4εC6 φ
6/M2, which yields

γclassical
6 =

1

Cr
6

dCr
6

d log µ̃2
= −2ε . (3.41)

The next step is to evaluate Eq. (3.37) to the next order in perturbation theory. This

will capture the leading quantum corrections. The example we are working out here is

instructive because it requires keeping track of loop induced operator mixing. Physically

this effect occurs when loops generated by insertions of one operator contribute to matrix

elements of a different operator. We have two diagrams which renormalize C4 at one loop:
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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. (3.42)

This implies that the counterterm depends on both Wilson coefficients Z4 = Z4

(
Cr

4 , C
r
6

)
,

32 Due to our choice to define the anomalous dimension with respect to d/d log µ̃2, this factor is actually

one half of the change in the dimension, see the 2 in the exponent of Eq. (3.47). We choose to work

self-consistency with this definition and ignore this distinction in what follows.
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and therefore Eq. (3.39) generalizes to

0 =
d

d log µ̃2
C0

4 =
d

d log µ̃2

(
Z4

(
Cr

4 , C
r
6

)
µ2εCr

4

)

=
1

2

(
∂Z4

∂Cr
4

µ̃

Z4

dCr
4

dµ̃
+
∂Z4

∂Cr
6

µ̃

Z4

dCr
6

dµ̃
+

µ̃

Cr
4

dCr
4

dµ̃
+ 2ε

)
Z4 µ

2εCr
4 . (3.43)

For a perturbative expansion Z4 = 1+O(C4, C6), which implies we can expand and truncate

1/Z4 = 1 + · · · . We then plug in Eq. (3.40) and Eq. (3.41), and solve for the log derivative

of Cr
4 , which yields

dCr
4

d log µ̃2
=

(
ε
(
Cr

4

)2 ∂Z4

∂Cr
4

− ε Cr
4 + 2ε Cr

4 C
r
6

∂Z4

∂Cr
6

) [
NLO

]
. (3.44)

Finally, we identify the anomalous dimensions including quantum effects and operator

mixing as

γ44 = lim
ε→0

(
ε Cr

4

∂Z4

∂Cr
4

− ε
)

γ46 = lim
ε→0

(
2ε Cr

4

∂Z4

∂Cr
6

)
, (3.45)

such that the RGE can be written in a general form

d

d log µ̃2
Cr
n = γnmC

r
m , (3.46)

where now we include two indices on the anomalous dimensions to account for mixing effects.

One implication of these expressions is that Cr
4 will be generated by RG running as long as

C6 6= 0, even if Cr
4

(
µ̃M
)

= 0. This physics will play a role when we work out our heavy-light

example in Sec. 3 E below.

Implications of the Renormalization Group

This general form of the RG makes clear why scale separation is a non-trivial problem.

The RGE sums logs that are a function of the RG scale µ̃. But if one encounters a large

logarithm that only depends on physical scales, then it is not obvious how to apply this

formalism. The key observation emphasized over and over in these lectures is that the

matching procedure will introduce a spurious dependence on µ̃, which then allows us to

derive RGEs of the form Eq. (3.46).

Before moving on, we will briefly discuss the connection between the object γ and the

phrase “anomalous dimension.” Imagine a case where we are interested in renormalizing a

Wilson coefficient C that receives corrections from some interactions implying a non-zero
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anomalous dimension γ = const.33 This could occur for example if one had a local operator

whose insertion generated some external charged lines, and then the leading contribution

to γ was due to exchanges of gauge bosons, e.g. our SCET examples below. In this

approximation, we can solve the RGE
∫

1

Cr
dCr =

∫
γ d log µ̃2

=⇒ Cr
(
µ̃H
)

= Cr
(
µ̃L
)

exp

(
γ log

µ̃2
H

µ̃2
L

)
=

(
µ̃H
µ̃L

)2γ

Cr
(
µ̃L
)
. (3.47)

This shows that the role of the anomalous dimension is to account for the small change

in the mass dimension of the Wilson coefficient as it is evolved from the high scale to the

low scale. Also, note that the middle expression in the bottom line of Eq. (3.47) makes

explicit what is meant by the phrase “exponentiating logarithms,” since we literally see the

appearance of exp
(
γ log µ̃2

H/µ̃
2
L

)
in the solution to the RGE.

The running Wilson coefficients are a critical component of an improved perturbation

theory. Since this sums large logarithms that could otherwise cause issues with convergence.

Now we have a dual expansion, schematically as a function of α
4π

log µ̃2
H/µ̃

2
L and α separately,

where α is a proxy for some coupling constant α = g2/(4π). RG improvement becomes

necessary when the logs becomes sufficiently large that α ∼ α2

4π
log µ̃2

H/µ̃
2
L.

The anomalous dimension γ can be determined perturbatively, and the order in the log

expansion that is being summed is set by the order to which the anomalous dimension

has been computed – we call this the nextn leading log expansion
(
NnLL

)
. This can be

compared with the more familiar expansion in terms of the coupling α, which we refer to

as the nextm leading order
(
NmLO

)
expansion, where the careful implementation of the

matching procedure ensures no double counting will occur. Note this implies that LL begins

at one-loop order, in contrast with LO which starts at tree-level. This dual expansion can

be represented schematically as

33 Note that the anomalous dimension computed from the diagrams in Eq. (3.42) take a slightly different form

(even with the simplifying approximation that C6 = 0), since γ44 ∼ C4 6= const. The resulting solution to

the RGE does not make the direct connection to the change in dimension that we are highlighting here.

The explicit calculation for φ4 theory is given in Eq. (3.57) below. For unity of notation, we will always

phrase our RGE calculations in terms of anomalous dimensions, especially since this is the terminology

often used by EFT practitioners.
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where α tracks the expansion in the coupling, while L tracks the logarithms. The rows

denote the kinds of terms that appear as one expands in α, while the shaded columns show

the series that are summed at each logarithmic order, starting with leading log (LL) in green,

subleading log (NLL) in magenta, and so on. We emphasize that the complete expressions

are not fully captured by resummed couplings, but also require the inclusion of fixed order

terms as we will see explicitly in many examples that follow.

While this dual expansion is straightforward to keep track of for the UV logs discussed

here, we will see that the interplay of NnLL and NmLO becomes more complicated when

summing large IR logarithms, see Sec. 6 E below. We emphasize the remarkable fact that

each order in the log expansion organizes itself this way, and we encourage the reader to be

suitably impressed by this consequence of the RG approach.34

Next, we will apply this technology to a series of examples which will allow us to explore

how to sum logarithms. The first example is an EFT that includes only a φ4 coupling. This

result will not only be of use as a simple pedagogical application of RG techniques, but it

will additionally be recycled when we encounter our first case of separating scales in Sec. 3 E.

B. Summing Logs

Now that we have the technology for deriving RGEs, we use these techniques to sum the

leading logarithm that appears in a single particle EFT with the interaction

LEFT
Int = − 1

4!
C4 φ

4 . (3.49)

34 The simplicity encountered here can be understood as a consequence of having a linear set of RGEs. In

principle, more complicated RGEs can appear, which would make the interpretation of the resummed

couplings more complicated.
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We will compute the process φφ → φφ at threshold. The one-loop diagrams will yield

logarithms, and we will derive the RGE that sums them by running from µ̃2
H to µ̃2

L:
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Note that our choice to run from a high scale µ̃2
H � µ̃2

L ∼ m2 will cause artificial large log

problems, since this is a single scale EFT and we are at threshold which is set by the same

scale. However, we will work out the details as a pedagogical example, since many of the

technical features will appear in the more complicated models that follow.

Our tree-level Feynman rule is

= −iCr
4

(
µ̃H
)
, (3.51)

and this is also the tree-level matrix element for our process of interest.

Next, we want to compute the one-loop diagrams to derive the counterterm from which

we will extract the anomalous dimension γ44. At one loop, the t- and u-channel diagrams

take the form

=
1

2

(
µ2ε
H C

r
4

)2
∫

dd`

(2π)d
1

(`2 −m2)2

=
i

32π2

(
Cr

4

)2
(

1

ε
+ log

µ̃2
H

m2

)
, (3.52)

where the 1/2 is a symmetry factor. Then additionally including the s-channel, we find

iA =
3i

32π2

(
Cr

4

)2
(

1

ε
+ log

µ̃2
H

m2
+

2

3

)
. (3.53)

• Exercise: Note that our choice to study the process φφ → φφ at threshold implies

p =
(
m,~0

)
for all the external states. Hence, there is finite momentum flowing

through the s-channel loop, such that this diagram has a different m2 dependence

in the denominator than Eq. (3.52). This is an IR effect and can have no implications

for the UV divergence structure. It does yield the non-log factor that mysteriously

appears in the previous expression, which you are encouraged to check as an exercise.
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Then we add a counterterm diagram to these three loop diagrams,

3

(
i

1

32π2
µ2ε
H

(
Cr

4

)2 1

ε
+ · · ·

)
− iµ2ε

H C
r
4

(
Z4 − 1

)
= 0 , (3.54)

where setting this combination equal to zero is equivalent to taking the MS scheme, and we

find

Z4 = 1 +
3

32π2
Cr

4

1

ε
. (3.55)

Adding these four contributions together, sending µ → µ̃, and taking ε → 0 yields the

renormalized amplitude:

iAEFT
(
φφ→ φφ

)
= −iCr

4

[
1− 3

32π2
Cr

4

(
log

µ̃2
H

m2
− 2

3

)] [
NLO

]
, (3.56)

If µ̃2
H � m2, this log becomes large and our perturbation expansion begins to break down.

Therefore, we would like to improve perturbation theory through the use of summation so

that we can maintain a well behaved expansion across a wider range of scales.

One resolution is to evaluate the theory at a lower scale (alternatively, we could define

the coupling using a different choice of process away from threshold). However, the nature

of the multi-scale problems we are working towards will force us to deal with exactly this

situation, where a simple scale choice in the Full Theory will not be sufficient to keep

the truncated fixed order perturbative expansion under control. Therefore, we will spend

the rest of this section deriving an RGE, which will allow us to evolve our well behaved low

scale result to derive an improved high scale prediction. This will also expose the interplay

between LL and NLO, which will be another reoccurring theme in the examples that follow.

In order to derive the RGE, we plug Eq. (3.55) into our general expression Eq. (3.45) to

yield

γ44 =
3

32π2
Cr

4 . (3.57)

Now we can use this anomalous dimension and Eq. (3.46) to determine the RGE that runs

the Cr
4 coupling at LL order:

dCr
4

d log µ̃2
=

3

32π2

(
Cr

4

)2
. (3.58)
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We integrate from our high scale µ̃H to the IR scale µ̃L:

∫ Cr4 (µ̃H)

Cr4 (µ̃L)

dCr
4(

Cr
4

)2 =
3

32π2

∫ µ̃2
H

µ̃2
L

d log µ̃2

1

Cr
4

(
µ̃L
) − 1

Cr
4

(
µ̃H
) =

3

32π2
log

µ̃2
H

µ̃2
L

Cr
4

(
µ̃L
)

=
Cr

4

(
µ̃H
)

1 + Cr
4

(
µ̃H
)

3
32π2 log

µ̃2
H

µ̃2
L

. (3.59)

This provides us with a running coupling. When we use this in our EFT calculations, we

call this the “RG improved” perturbation theory. For example, we can compute our process

at the low scale to LL + LO accuracy using the high scale coupling

iAEFT = −iCr
4

(
µ̃L
)

=
−iCr

4

(
µ̃H
)

1 + Cr
4

(
µ̃H
)

3
32π2 log

µ̃2
H

µ̃2
L

[
LL
]
. (3.60)

Note that for the special choice of scale µ̃L = m, we can expand to subleading order in

C4

(
µ̃H
)
, and recover all but the finite piece at NLO, which is exactly what we would expect

from Eq. (3.48).

We can extend this to include NLO corrections at the low scale by repeating the

calculation that led to Eq. (3.56) but evaluated at µ̃L. This yields (again using the RG

to express our low scale result in terms of the high scale Wilson coefficient):

iAEFT =
−iCr

4

(
µ̃H
)

1 + Cr
4

(
µ̃H
)

3
32π2 log

µ̃2
H

µ̃2
L

×


1− 3

32π2

Cr
4

(
µ̃H
)

1 + Cr
4

(
µ̃H
)

3
32π2 log

µ̃2
H

µ̃2
L

(
log

µ̃2
L

m2
+

2

3

)
 [

LL + NLO
]
. (3.61)

This expression is well behaved, and in particular the factor of log µ̃2
L/m

2 is under control

as long as µL ∼ m. Next, we see that expanding this LL + NLO result pretending that
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Cr4
16π2 log

µ̃2
H

µ̃2
L

is small yields35

iAEFT
Expanded = −iCr

4

(
µ̃H
){(

1− Cr
4

(
µ̃H
) 3

32π2
log

µ̃2
H

µ̃2
L

)

×
[
1− 3

32π2
Cr

4

(
µ̃H
)(

log
µ̃2
L

m2
+

2

3

)]
+O

((
Cr

4

)2
log2 µ̃

2
H

µ̃2
L

)}

= −iCr
4

(
µ̃H
){

1− Cr
4

(
µ̃H
)(

log
µ̃2
H

m2
+

2

3

)
+O

((
Cr

4

)2
log2 µ̃

2
H

µ̃2
L

)}

[
LL + NLO

]
, (3.62)

where the higher order terms are those that are summed by the RG at LL order. This

expanded form makes clear that the RG evolution reproduces the high scale evaluation

given in Eq. (3.56) to NLO order. Furthermore, we now see how the RG solves the large

log problem we artificially introduced in Eq. (3.56). Specifically, the summed version of this

expression given in Eq. (3.61) is well behaved for any choice of low scale. If our scales were

not particularly separated, then the expansion performed in Eq. (3.62) would be a good

approximation, and there would not have been a problem to solve in the first place. On the

other hand, if µ̃H � µ̃L, then our desire for a convergent perturbation theory forces us to

RG improve.

Although we summed, note that working at LL + NLO order is only a good approximation

as long as the next-to-leading log is small:
(Cr4 )2

16π2 log
µ̃2
H

m2 � 1. If not, then we would need to

include higher order corrections, and the same story would result from the interplay of NLL

and NNLO logs, where summing to NLL order requires a two-loop anomalous dimension,

and NNLO is the fixed order contribution at two loops. This interplay persists so that if we

were able to work to all orders in our NnLL and NmLO expansion, we would find that all

the scale dependence would be eliminated. Recall that this was the requirement we used to

derive the RGEs in the first place, so the story is self consistent. However, in practice we

always work at finite order, so it is extremely useful to have an RG improved perturbation

theory which is well behaved across a huge range of scales.

Another lesson of Eq. (3.61) is that it provides us with the ability to estimate a “theory

error” by varying the unphysical high and low scales that appear in the logs. For example,

instead of choosing µ̃L = m, which eliminates the NLO log completely, one can vary this

35 This is the first time we have encountered a result that is labeled with an “Expanded” subscript. This

signifies that we have first RG improved, and then expanded our RGE solution to leading order. We are

going to do this with essentially every example in what follows, so it is worth a bit of extra time to make

sure you understand the motivation for why we are presenting the result this way.
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scale choice – typically for concreteness the variation is taken to be range from µ/2 → 2µ.

This probes the higher logs which are captured by the RGEs, but are not explicitly included

since the finite corrections are truncated to a given order. Although this scale variation does

not have to be the only source of theory error, it does provide a concrete test of the extent

to which higher orders must be computed to achieve the desired accuracy.

There is one final interesting point to make before moving to our next example. It turns

out, even our RG improved theory can dynamically generate a non-perturbative breakdown

of perturbation theory. To see how this occurs, we can solve Eq. (3.59) for the scale µ̃H at

fixed µ̃L,

µ̃2
H = µ̃2

L exp


 1− Cr4 (µ̃L)

Cr4 (µ̃H)

3
32π2 Cr

4(µ̃L)


 . (3.63)

We can then take the obviously non-perturbative limit Cr
4(Λ) → ∞, where this implicitly

defines the dimensionful scale Λ. This yields a finite result:

Λ2 = µ̃2
L exp

(
1

3
32π2 Cr

4(µ̃L)

)
. (3.64)

This scale Λ is known as a Landau pole. It tells us that the theory is no longer perturbative

at a scale exponentially higher than the reference scale µ̃L.36 So while the RG improvements

have afforded us an exponentially large region of validity for our EFT, we are not in a

position to extrapolate our theory to arbitrarily high energies.

We emphasize that this dimensionful scale Λ was generated by studying the behavior

of a dimensionless parameter Cr
4 . This is a non-perturbative effect known as dimensional

transmutation. The same underlying mechanism is responsible for the generation of the

QCD scale (albeit this instead happens as you run to low energies due to the famous sign

of the QCD β-function), and dimensional transmutation could also yield an effect known

as dynamically generated supersymmetry breaking [61] (assuming of course that nature is

supersymmetric at some fundamental scale).

In the next section, we will calculate our first loop level matching correction, and will

investigate the role of the finite terms for maintaining decoupling of heavy scales as one

evolves a theory past a heavy mass threshold.

36 A typical choice would be to set µ̃L = m.
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C. One-loop Matching and Heavy Particle Decoupling

As we have emphasized many times, heavy physics will decouple as we flow to low

energies. However, this is fact can be obscured depending on the approach one takes to

extracting observables. The detailed demonstration of decoupling for the RG evolution of

gauge couplings is known as the Appelquist-Carazzone theorem [62]. It is straightforward

to see this decoupling effect when regulating divergences with a hard cutoff or some other

dimensionful regulator, see e.g. [53, 63, 64] where this physics is worked out in detail. For a

massless regulator like dim reg makes, this is a more subtle issue, see e.g. [65–68] for some

early work on exploring decoupling for massless regulators.

In this section, we will first write down a Full Theory that has a large log problem

at NLO. We will furthermore see that decoupling is naively violated by our MS formulation

of the RG. The resolution to both of these issues will be achieved through the application

of matching and running. Then in the section following this one, we will demonstrate that

applying the same strategy to scalar mass terms leads to a different class of decoupling

violation, i.e., the so-called hierarchy problem.

For concreteness, we will study the process φφ→ φφ at threshold. We begin by defining

our Full Theory interaction Lagrangian

LFull
Int = −1

4
κφ2 Φ2 − 1

4!
η φ4 , (3.65)

where φ has mass m, Φ has mass M , and we will be interested in the limit m � M . We

will calculate the one-loop corrections including LL summation for this process, and use

matching and running to make decoupling manifest.

First we will calculate the renormalization factor for η.37 This has two contributions, one

proportional to η2 and one proportional to κ2. The first set of diagrams is identical to the

ones computed in the previous section, so we can pull the answer from Eq. (3.57):

3× =
3i

32π2
µ2ε η2

(
1

ε
+ log

µ̃2

m2
+

2

3

)
. (3.66)

The second class of diagrams is the same with m → M (up to subtleties with tracking the

threshold momentum flow through s-channel diagram, which only modifies the result by

37 Disclaimer: We will no longer be careful to delineate the difference between bare and renormalized

quantities, so you will notice the absence of “r” superscripts.
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power suppressed terms ∼ m2/M2 ∼ λ2):

3×
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This implies38
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We also need Zκ, which is calculated by extracting the divergent part of the two one-loop

diagrams that contribute to φΦ→ φΦ. The first is
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
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where the overall factor of 2 accounts for the contributions from the s- and u-channel, and

we are neglecting the flow of threshold momentum through the propagator since we are only

interested in the divergent terms, see the discussion around Eq. (3.53). There is a second

diagram where only light particles appear in the loop
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where there is only a t-channel diagram and the 1/2 is a symmetry factor. Then the Zκ

renormalization factor is

Zκ(κ, η) = 1 +
1

8π2
κ

1

ε
+

1

32π2
η

1

ε
. (3.71)

Now that we have Zκ and Zη, we use them to renormalize our couplings. Putting all of

this together yields the NLO Full Theory amplitude for φφ→ φφ:

iAFull = −iη + i
3

32π2
η2

(
log

µ̃2

m2
+

2

3

)
+ i

3

32π2
κ2 log

µ̃2

M2
+O

(
λ2
) [

NLO
]
. (3.72)

38 The strange looking factor of 1/η appearing in the Zη expression is due to our convention for counter

terms defined in Eq. (3.35) above.
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This makes the large log problem clear, since there is no choice of the scale µ̃ that minimizes

both log dependent terms when m�M .

We encountered a similar issue when we took µ̃H � m in single scale theory discussed

above, see Eq. (3.56). There, we were able to address this problem by working with RG

improved couplings: we showed that the LL + NLO single scale result was free of any large

log issues, see Eq. (3.61). The reason this worked above is that we artificially introduced a

large log problem through our poor choice of the unphysical RG scale. We will now show that

this is not the resolution to the problem encountered here due to the presence of multiple

physical scales in the theory.

The first step is to see that RG improvement does not resolve our decoupling confusion.

We need to compute the Full Theory RGEs, which depend on the anomalous dimensions

for both κ and η. Following the same steps as in Primer C above, we derive the analog of

Eq. (3.45) in order to extract the anomalous dimensions from the counterterms:

γηη = lim
ε→0

(
ε η

∂Zη
∂η
− ε
)

γηκ = lim
ε→0

(
ε η

∂Zη
∂κ

)

γκη = lim
ε→0

(
ε κ

∂Zκ
∂η

)
γκκ = lim

ε→0

(
ε κ

∂Zκ
∂κ
− ε
)
, (3.73)

where we have used the classical anomalous dimensions for η and κ given in Eq. (3.39). In

this way of formulating the anomalous dimensions, both γηη and γηκ will contribute operator

mixing terms to the RGE for η, while γκη will yield operator mixing for κ:

γηη =
3

32π2
η − 3

32π2

κ2

η
γηκ =

3

16π2
κ

γκη =
1

32π2
κ γκκ =

1

8π2
κ . (3.74)

Plugging these into the general equation Eq. (3.46) yields the RGEs for η and κ:39

dη

d log µ̃2
=

3

32π2
η2 +

3

32π2
κ2

dκ

d log µ̃2
=

1

8π2
κ2 +

1

32π2
κ η , (3.75)

whose solution sums the leading logs to all orders. Note that this set of coupled equations

39 Note that this set of RGEs are technically incorrect as written since they do not include the Φ4 coupling,

and its influence on the running of κ. Since we are assuming this coupling is zero at our UV scale,

and we will only write down an expanded leading log solution, all the resulting expressions we derive

are technically correct. However, we caution that this coupling must be included if one is interested in

analyzing the full RG structure.
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manifestly violates decoupling, since it has no dependence on the scale M . This implies

that RG improving the Full Theory will not solve the large log problem we have

encountered here. We can see this explicitly by putting together the summed LL + NLO

Full Theory amplitude for φφ→ φφ is

iAFull = −iη
(
µ̃
)

+ i
3

32π2

(
η
(
µ̃
))2

(
log

µ̃2

m2
+

2

3

)

+ i
3

32π2

(
κ
(
µ̃
))2

log
µ̃2

M2

[
LL+NLO

]
, (3.76)

where this is considered LL order because we are keeping track of the µ̃ dependence of

the couplings that are being run using the solution to Eq. (3.75). We will also find it

instructive to expand the RGE for η(µ̃) to leading order in the couplings. The only terms

that contributes to Eq. (3.76) at leading order, evolved from a scale µ̃H → µ̃L are

η
(
µ̃L
)

Expanded
= η
(
µ̃H
)
− 3

32π2

(
η2 + κ2

)
log

µ̃2
H

µ̃2
L

[
LL + NLO

]
. (3.77)

This expression can be derived by simply solving the η equation in the approximation that

the η2/(16π2) and κ2/(16π2) terms are constant, which is why we have written them here

without a scale dependent argument. This is equivalent to first solving the κ equation, and

then plugging that solution into the η equation, followed by expanding to only keep the

leading dependence on the couplings.

• Exercise: Show that both suggested ways of deriving Eq. (3.77) are equivalent.

Obviously, Eq. (3.77) does not depend on either m or M , emphasizing that the RG can

not cure our perturbation theory ills. It is worth pausing to fully appreciate the nature of

the problem we are trying to solve. The claim was that RG techniques should sum large

logarithms and systematically maintain the convergence of perturbation theory. Yet, we see

that no choice of µ̃ can simultaneously make all the logs small in our LL + NLO result.

Something additional is forced upon us. Specifically, when we encounter situations with a

large separation of physical scales, we must augment our RG improved perturbation theory

by matching onto an EFT that models the dynamics of the light modes in isolation. This

will allow us to run coupling within the EFT to low energies characteristic of our observable,

and tame our large log problem.

Matching onto the EFT and Heavy Particle Decoupling

In order to match, the first step is to pick a process – unsurprisingly, we will continue to

use φφ → φφ at threshold. The only propagating degree of freedom in the EFT is φ, and
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the EFT will inherit a φ → −φ symmetry, so the interactions follow the same pattern as

Eq. (3.2). For our purposes here, we will only need

LEFT
Int = −C4

4!
φ4 . (3.78)

To match at one-loop order, we must include counterterms and track scale dependence. This

implies that consistent matching requires the choice of an RG scale µ̃M . Noting that dealing

with loop effects leads to scheme dependence, we must take care to regulate integrals in

the Full Theory and EFT in a self-consistent way, i.e., we must use the same UV and

IR regulators for both theories. To this end, the generalization of the tree-level matching

procedure given in Eq. (3.6) takes the form

AMatch =
[
AFull +AFull

c.t.

]
−
[
AEFT +AEFT

c.t.

]
. (3.79)

For our chosen process, this is expressed diagrammatically as

iAMatch ≡

=




+ +
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�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
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
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, (3.80)

where c.t.Full and c.t.EFT denote the Full Theory and EFT counterterm contributions

respectively. At leading order, the RG improved matching relation is40

C4

(
µ̃M
)

= η
(
µ̃M
) [

LOM

]
, (3.81)

40 We have augmented our brackets we use to keep track of NmLO and NnLL order to now include a subscript

M , which denotes the order to which the matching contributions have been computed. We will use this

notation below to distinguish when we have only included NLO matching corrections as opposed to the

full set of NLO corrections.
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where this equality is evaluated at the matching scale µ̃M , and practically serves as a

boundary condition when we solve the RGEs to run the EFT couplings. Then the one-

loop matching corrections come from the diagram in Eq. (3.80) with the heavy particles in

the loop (including all three channels):41

CMatch
4

(
µ̃M
)

= − 3

32π2

(
κ
(
µ̃M
))2

log
µ̃2
M

M2
+O

(
λ2
) [

NLOM

]
. (3.82)

Note that although the loop expansion in the Full Theory depends on terms of the form

log µ̃2/m2, e.g. see Eq. (3.76), the matching coefficient does not. This observation is critical

to the success of matching at loop level. If CMatch
4 did depend on log µ̃2/m2, then the m2 → 0

limit taken within the EFT would be non-analytic at the high scale, implying that separating

scales would not be possible. Said another way, checking for a meaningful m2 → 0 limit at

the high scale is a useful test that the EFT models the detailed IR structure of the Full

Theory. The EFT diagrams in Eq. (3.80) are present in the matching calculation precisely

to enforce this requirement.

The result is that we have now have a one-loop fixed order modification to the boundary

condition for our EFT coupling:

C4

(
µ̃M
)

= η
(
µ̃M
)
− 3

32π2

(
κ
(
µ̃M
))2

log
µ̃2
M

M2

[
NLOM

]
, (3.83)

and as long as we choose µ̃M ∼ M , we avoid any issues with large logarithms for this

boundary condition.

Now we need the RGEs to run C4 down to low scales within the EFT. Note that the

RGE analysis is identical to that provided in Sec. 3 B above, so we can just take the results

from there. For completeness, we repeat the LL EFT RGE here

dC4

d log µ̃2
=

3

32π2

(
C4

)2
. (3.84)

Then we can use this RGE to evolve our coupling from µ̃M → µ̃L, with Eq. (3.83) as a

boundary condition. Including fixed order NLO corrections, our low scale EFT amplitude

is given by

iAEFT =− iC4

(
µ̃L
)

+ i
3

32π2

(
C4

(
µ̃L
))2
(

log
µ̃2
L

m2
+

2

3

) [
LL + NLO

]
. (3.85)

No terms with logM2/µ̃2
L appear, and so this amplitude does not manifest any large log

problems. This is obvious when taking the canonical choice µ̃L ∼ m. Note that in practice,

41 Here the superscript “Match” denotes that this is a matching correction, which should be added to

Eq. (3.81) to derive NLO boundary condition for the RGE, see Eq. (3.83).
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to derive the most precise answer possible at a given order, it is ideal to choose a scale that

minimizes all the logarithms that appear.

At this point we have everything we need to understand the full picture. Imagine our

Full Theory couplings are defined at a scale µ̃2
H , and we want to run them past our

matching threshold µ̃2
M down to a scale µ̃2

L, where our EFT description should be used.

Schematically,

EFT
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

µ̃2
M<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

EFT
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

RGE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

µ̃2
H<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

µ̃2
L<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

M2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

RGE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

µ̃2
H<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

µ̃2
L<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>m2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Full Theory
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Full Theory
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

µ̃2
H<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

µ̃2
L<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(3.86)

Then we can see exactly what has been accomplished by expanding our RGE solutions to

leading order to see that we reproduce the one-loop fixed order results. Of course, by doing

this expansion we are re-introducing the problem we set out to solve, and emphasize that

in practice one should obviously use the full RG solutions for the summed couplings such

that the full tower of LL terms are included. However, since this calculation provides an

insightful closure test, it is worth working out in detail.

Combining Eq. (3.77) and Eq. (3.83), yields a boundary condition for the EFT RGE at

the matching scale:
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κ
(
µ̃M
))2

log
µ̃2
M

M2
,

= η
(
µ̃H
)
− 3

32π2

(
η2 log

µ̃2
H

µ̃2
M

+ κ2 log
µ̃2
H

M2

) [
LL + NLOM

]
, (3.87)

where we have used the expanded solution to the RGE to evolve this coupling from µ̃H

down to the matching scale explicitly. Then to capture the running of C4 down to the EFT

scale µ̃L, we can equate this expression to Eq. (3.59) with the identification µ̃H → µ̃M and

µ̃L → µ̃L. Expanding and solving for C4

(
µ̃L
)

gives

C4
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H
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LL + NLOM

]
,

(3.88)

where this now includes the term generated from running C4 within the EFT (and then

expanding).
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The final step is to compute the amplitude including the one-loop fixed order correction

at the low scale, i.e, plugging Eq. (3.88) into Eq. (3.85):

iAEFT
Expanded = −iη

(
µ̃H
)

+
3i

32π2

[
η2 log

µ̃2
H

µ̃2
M

+ C2
4

(
log

µ̃2
M

m2
+

2

3

)]

+
3i

32π2
κ2 log

µ̃2
H

M2

[
LL+NLO

]
, (3.89)

where the only operational difference between this expression and Eq. (3.88) (besides that

this is now technically an amplitude for φφ→ φφ) is the m dependence inside the logarithm

and the finite factor, that are both due to the low scale fixed order corrections.

This expression is identical to our result in Eq. (3.72), when we take µ̃H → µ̃ and

note that C4 = η to the level of approximation captured when expanding. However, the

summed result yields an improved perturbation theory. To see what was accomplished by

matching and running, we remind the reader where each of the terms in Eq. (3.89) came

from. This expression provides the leading order evolution of our system from µ̃H down to

µ̃L. We have consistently accounted for the running of the Full Theory parameters from

µ̃H → µ̃M , where the scale M should decouple. Matching leaves us with an EFT description,

which can be used to run the C4 coupling from µ̃M → µ̃L. Critically, the EFT does not

receive any dynamical contributions from loops involving heavy particles. This is exactly

the decoupling behavior that we hoped to find by consistently flowing below the scale M .

Furthermore, by matching and running we have consistently eliminated any large logs that

could spoil our perturbative expansion to LL + NLO order. Obviously, this procedure is

systematically improvable, and one can in principle include corrections to however high of

order the reader has the strength and persistence to compute. Finally, we again emphasize

that by evaluating the summed result for various choices of the scales µ̃H , µ̃M and µ̃L one

can estimate theoretical “error bars” that result from the truncation of perturbation theory

to finite order.

Now we have seen the connection between decoupling and matching a Full Theory to

an EFT. In the next section, we will explore a non-decoupling effect that appears in matching

calculation for scalar masses. We will then discuss when small scalar masses might naively be

tuned, followed by a discussion of the implications for physics beyond the Standard Model.

D. Quadratic Divergences and the Hierarchy Problem

At this point, we hope you are fully convinced of the need to match and run when

computing with the MS scheme in the presence of a large separation of scales. In this

section, we are going to work out a famous consequence of matching and running, known



55

as the hierarchy problem, see e.g. [69, 70] for similar treatments in the context of EFTs.

Specifically, what we will now show is that when we couple a light scalar (whose mass is not

protected by a symmetry) to a heavy particle, there will be a matching correction for the

light mass that is proportional to the heavy mass. This is a necessary condition for testing

if one’s theory exhibits a hierarchy problem.

There is no in principle obstruction to carefully choosing the parameters at the matching

scale to tune away this large contribution in order to realize a low energy theory containing a

parametrically light scalar. However, as we will work out in detail below, if such a tuning is

required and there is a notion of a calculable UV completion, then one expects that nature

should invoke some new mechanism that resolves this seeming issue with the naturalness of

the underlying physical parameters. This is particularly relevant for the Standard Model

since we have now observed a light scalar, the Higgs boson [71, 72]. The Higgs mass

parameter suffers the necessary condition for a hierarchy problem derived in what follows.

Therefore, it is compelling to search for extensions of the Standard Model where this tuning

is ameliorated, ideally with associated experimental signatures. Since our focus here is on

EFT techniques, we will show how this necessary condition arises in detail. Then (since

I am frankly not able to help myself) the concrete calculation will be followed with some

musings on the interpretation.

Our focus is on loop corrections to the mass of φ. The Full Theory is the same as in

the previous section:

LFull =
1

2

(
∂µφ
)(
∂µφ

)
− 1

2
m2

F φ
2 +

1

2

(
∂µΦ

)(
∂µΦ

)
− 1

2
M2 Φ2 − 1

4
κφ2 Φ2 − 1

4!
η φ4 . (3.90)

where we are writing the mass terms explicitly since they are the focus of this section. The

only terms we need to include in the EFT Lagrangian are the mass and quartic for φ:

LEFT =
1

2

(
∂µφ
)(
∂µφ

)
− 1

2
m2

E φ
2 − C4

4!
φ4 , (3.91)

where we are being careful to distinguish the Full Theory mass parameter m2
F from the

EFT mass parameter m2
E. The next subsection shows that if there is no coupling between

the light and heavy state, i.e., κ = 0, then there is no large correction to the light scalar

mass parameter. This is followed by a calculation with κ 6= 0, where the necessary condition

for fine-tuning is derived. The notation for the RG scales will follow the previous section,

see Eq. (3.86).
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No Heavy Scale Means No Hierarchy Problem

First, we match the Full Theory (with η 6= 0 and κ = 0) onto the EFT at tree-level:

for this first calculation, the light scalar does not couple to the heavy state. When matching

for a mass, we use the convenient prescription of ensuring that the pole of the φ propagator

is the same in both theories:

−i
(
mF

)2
= −i

(
mE

)2 [
LOM

]
. (3.92)

Next, we can work out the consequences of the φ self coupling.42 The one-loop correction

for the φ mass in the Full Theory is
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>
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�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

=
1

2
η µ2ε

M

∫
dd`

(2π)d
1

`2 −m2
F

=
iη

32π2
m2

F

[
1

ε
+ log

µ̃2
M

m2
F

+ 1 +O(ε)

]
, (3.93)

where the 1/2 is a symmetry factor and we have chosen to evaluate this loop at the matching

scale µM . Note that this contribution is proportional to m2
F, as it had to be since this is

the only scale appearing in the loop integral – this is how quadratic divergences manifest in

dim reg.43 Note that this integral is insensitive to arbitrary physics at short distances (for

example gravity becoming strong near the Planck scale), because the UV region of the dim

reg integral is scaleless and therefore vanishes. This fact can lead to misinterpretations of

the hierarchy problem, which we hope this section will help to clarify.

Then we define a counterterm for the mass

m2
F,0 = Zm2

F
m2

F , (3.94)

which implies

Zm2
F

= 1 +
η

32π2

1

ε
, (3.95)

where η has been renormalized using the results of the previous section.

42 This is the simplest theory that exhibits a “quadratic divergence,” which is straightforward to derive by

simply regulating the following integral with a hard momentum cutoff regulator.
43 A way to see the relation to quadratic divergences is to notice that there is a pole at d = 2, corresponding

to a logarithmic divergence in two dimensions. There is an EFT driven approach for nuclear physics that

uses this fact to invent a scheme called “power divergence subtraction” [73], which enables on to include

quadratically divergent contributions to the RGEs.
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Next, we calculate the mass correction at the matching scale within the EFT:
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As above, matching the quartic at tree level gives η = C4, see Eq. (3.81). Then we can

perform a one-loop matching calculation for the mass of φ at the matching scale µ̃M :
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[
NLOM with κ = 0

]
. (3.97)

Unsurprisingly, we see that the correction generated in the Full Theory is compensated

by the analogous correction in the EFT, implying that the EFT mass does not receive a

large correction at the matching scale, and so there is no issue with large logarithms or

fine-tuning. This is to be expected, since we are working with a single scale EFT, which

should be well behaved at all scales (at least once it has been RG improved). Said another

way, although this the diagram does introduce a one-loop correction at low scales µ̃L,
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�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
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= −im2
E

(
µ̃L
)

+
iC4

(
µ̃L
)

32π2
m2

E

(
µ̃L
)
[

log
µ̃2
L

m2
E

(
µ̃L
) + 1

]

[
LL+NLO

]
, (3.98)

one will not encounter any issues with perturbation theory, as long as the RG improved

mass m2
E

(
µ̃L
)

is used.

Matching Across a Heavy Threshold and The Hierarchy Problem

Now we turn on κ in order to explore the impact of a non-trivial coupling between our

light state φ and a heavy particle Φ. The one-loop correction to the φ mass in the Full

Theory at the matching scale µ̃M receives another contribution:

=
iκ

32π2
M2

[
1

ε
+ log

µ̃2
M

M2
+ 1 +O(ε)

]
. (3.99)
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In this theory, the mass counterterm is

Zm2
F

= 1 +
η

32π2

1

ε
+

κ

32π2

M2

m2
F

1

ε
, (3.100)

where now all the parameters have been renormalized.44 Matching between the Full

Theory and the EFT implies:

−im2
Match

(
µ̃M
)

=

(
−im2

F +
iκ

32π2
M2

[
log

µ̃2
M

M2
+ 1

])
−
(
− im2

E

)

=
iκ

32π2
M2

[
log

µ̃2
M

M2
+ 1

] [
NLOM

]
, (3.101)

where we have not included the contributions from the light loop at an intermediate step

since we have already shown this contribution cancels between the Full Theory and the

EFT in Eq. (3.97). As expected, this matching correction does not manifest any non-analytic

dependence on m2
F, such as logm2

F/µ̃
2
M .

Although the necessary condition for the hierarchy problem is already apparent, we

postpone our interpretation of this result and instead will push our analysis forward to

achieve LL + NLO accuracy by computing the RG evolution of the mass. We need to derive

an RGE for the mass parameter, starting with

0 =
d

d log µ̃2
m2

F,0 =
d

d log µ̃2

(
Zm2

F
m2

F

)

= m2
F Zm2

F

(
1

m2
F

µ̃

2

d

dµ̃
m2

F +
1

Zm2
F

µ̃

2

d

dµ
Zm2

F

)
, (3.102)

where we have used the fact that the dimension of the mass term does not change when

we shift to d = 4 − 2ε dimensions. The µ̃ dependence of the mass is inherited from the η

and κ couplings, since dm2
F/d log µ̃2 = 0 at tree-level. Then noting that the leading order

relationship Eq. (3.40) applies, we can write

1

Zm2
F

µ̃

2

d

dµ̃
Zm2

F
=

1

Zm2
F

∂Zm2
F

∂η

µ̃

2

dη

dµ̃
+

1

Zm2
F

∂Zm2
F

∂κ

µ̃

2

dκ

dµ̃
= −εη

∂Zm2
F

∂ηr
− εκ

∂Zm2
F

∂κ
, (3.103)

where in the last step we have used Eq. (3.40) which also applies here, and we have expanded

1/Zm2
F

= 1 + · · · . Finally, we plug this into the previous equation to arrive at our RGE for

44 The counterterms Zη and Zκ can be found in Eq. (3.68) and Eq. (3.71) respectively, and we did not derive

the counterterm factor ZM since it does not play any role in our analysis.
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the mass:

d

d log µ̃2
m2

F = γm2
F
m2

F with γm2
F

= lim
ε→0

(
εη
∂Zm2

F

∂η
+ εκ

∂Zm2
F

∂κ

)
, (3.104)

which we can apply to Eq. (3.100) to find

γm2
F

=
η

32π2
+

κ

32π2

M2

m2
F

. (3.105)

The resulting RGE sums logarithmic corrections to the mass of φ in the Full Theory to

LL order. Note that it contains a contribution proportional to M2, which is one of the

sources of the hierarchy problem.

In order to expose the physics, we solve the LL RGE and expand keeping only the leading

contribution:

m2
F

(
µ̃M
)

Expanded
= m2

F

(
µ̃H
)
− η

32π2
m2

F log
µ̃2
H

µ̃2
M

− κ

32π2
M2 log

µ̃2
H

µ̃2
M

[
LL + NLOM

]
,

(3.106)

where we have dropped the scale dependent arguments of the coefficients of the log terms

since these corrections are higher order. A similar calculation in the EFT yields45

m2
E

(
µ̃M
)

Expanded
= m2

E

(
µ̃L
)
− C4

32π2
m2

E log
µ̃2
L

µ̃2
M

[
LL
]
. (3.107)

The last required piece is the boundary condition for the EFT mass at the matching scale

using Eq. (3.92) and Eq. (3.101):

m2
E

(
µ̃M
)

= m2
F

(
µ̃M
)
− κ

32π2
M2

[
log

µ̃2
M

M2
+ 1

] [
NLOM

]
. (3.108)

Now in exact analogy with Eq. (3.88), we can run our mass from the scale µ̃H in the Full

Theory (noting that µ̃H is a proxy for the UV scale where the fundamental parameters are

defined) down to a scale µ̃L passing through the mass threshold M :

m2
E

(
µ̃L
)

Expanded
= m2

F

(
µ̃H
)
− κ

32π2
M2 − C4

32π2
m2

E

− η

32π2
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F log
µ̃2
H
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M

− C4

32π2
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E log
µ̃2
M

m2
E

− κ

32π2
M2 log

µ̃2
H

M2

[
LL + NLO

]
, (3.109)

where we have used Eq. (3.98) to include the fixed order correction within the EFT in

45 The EFT RGE is identical to the one derived for the Full Theory calculation with η = C4 and κ = 0.
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analogy with Eq. (3.89) above. This expression gives the (expanded) RGE solution + fixed

order corrections, and is therefore under perturbative control when the full RG solution is

utilized.

This demonstrates that the heavy state does not contribute once you evolve below the

scale M , as it must have been due to the requirement of decoupling. However, there is

a very important non-decoupling difference here as compared to the quartic interaction

example worked out previously. Specifically, there are both log enhanced and finite matching

corrections that are proportional to M2. This implies that the UV scale M contributes to

the light mass – the one-loop corrections to this small parameter are not parametrically

under control. We conclude that, as opposed to our example in Sec. 3 B above, the RG

evolution does not provide any compensating effects to cancel the fine-tuning required when

matching. This is a necessary condition for a theory to manifest a hierarchy problem.

To summarize, we can start with the boundary condition for our mass parameter

in Eq. (3.108), which was derived by matching the Full Theory to the EFT, and we

can run it to a low scale where we compute the NLO corrections within the EFT to yield

m2
F

(
M
)
− κ

32π2
M2 = m2

E

(
m
)
− C4

32π2
m2

E

(
1 + log

M2

m2
E

)
, (3.110)

where for simplicity we have taken the scale choices µ̃H = µ̃M = M , and µ̃L = m, which can

be interpreted as assuming that the UV parameters are defined at µH = M . This implies

that if we wish to maintain m � M , we must carefully choose the Full Theory mass

parameter at the matching scale m2
F

(
µ̃M
)
. This concludes the technical demonstration of

this issue, thereby laying the groundwork for the philosophizing that appears next.

A Brief Discourse on the Hierarchy Problem

For the reader who has not yet had enough of the hierarchy problem, I will now provide my

personal perspective on the interpretation of the necessary condition derived in Eq. (3.110).

First, I will clarify some technical issues associated with the way the hierarchy problem

appears when using dim reg. Then, I will interpret Eq. (3.110) as motivating the need for

new physics. One key point that will be emphasized throughout is that promoting the fine-

tuning to a physical effect requires a calculable UV framework, where the mass parameters

in the IR can be interpreted as predictions of an underlying theory. This is intrinsically a

UV issue, and as such there is no model independent interpretation.

The hierarchy problem for the Higgs boson in the Standard Model46 is often presented in

46 The implications for naturalness due to the presence of a fundamental scalar Higgs boson in the Standard
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a not particularly technically accurate way.47 In particular, it is easy to argue schematically

that a top-loop would imply a correction to the Higgs mass

m2
H ∼ −iy2

t

∫
d4`

(2π)4

1

`2 −m2
t

= − y2
t

8π2

∫ ΛUV

0

d`
`3

`2 +m2
t

= − y2
t

16π2
Λ2

UV + · · · , (3.111)

where yt is the top Yukawa coupling, and ΛUV is some hard UV cutoff that regulates this UV

divergent integral. This back-of-the-envelope calculation gives the appearance that the Higgs

mass receives a large quadratic correction from some unknown UV scale. However, note that

if this integral were evaluated using dim reg by applying Eq. (3.93), one would find a result

that is proportional to the only scale that appears in the integral, namely mt. It might

then be tempting to conclude that the hierarchy problem is a hoax. However, there is no

inconsistency here, but instead the interpretation of Eq. (3.111) requires treating ΛUV with

care. Specifically, one should be very cautious when claiming that a cutoff dependent result

has a physical interpretation. As I have emphasized in the technical part of this section,

there is no fine-tuning issue if the only scale in the problem is m. This is why I coupled φ to a

heavy state Φ in order to expose the necessary condition for the hierarchy problem – without

the physical mass scale M , there is no problem. Note that one of the remarkable aspects of

the Standard Model is that gauge invariance plus chiral symmetry forbids mass parameters

for the fermions – the Higgs mass parameter is the only dimensionful scale around. This

implies that if there are no additional UV scales beyond the Standard Model, there are

no fine-tuning issues associated with the Higgs mass. This is made plain in the careful

treatment above, see Eq. (3.98).

However, there are many outstanding issues with the Standard Model that very likely

introduce new scales48 that are likely to couple to the Higgs at some loop order (due to

gravitational interactions if nothing else). In addition, we lack a detailed picture for what

occurs at the physical scale MPl, where gravity becomes strong. This has convinced many

of us that

i) The Standard Model should UV complete into a calculable49 framework such that low

energy parameters are predictions in terms of fundamental parameters.

ii) In the absence of a protection mechanism, new high scales would feed into the Higgs

mass parameter.50

Model were first realized in [74].
47 I have certainly been guilty of this doing this myself more than once.
48 The most obvious ones are dark matter, baryogenesis, unification, strong CP, . . . .
49 Here I mean in-principle calculable, since one compelling possibility is that the new physics is strongly

coupled.
50 The argument is so robust that it has even been extended to show that the Higgs would receive a
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This motivates me to take the fine-tuning problem seriously as an argument for new physics.

Before I discuss specific approaches, I want to distinguish the two “kinds” of naturalness

that are often discussed. The first is “aesthetic naturalness” (or “Dirac naturalness” [76],

which could arguably be credited to Gell-Mann [77]). It is the statement that given a theory

with a fundamental scale Λ, all dimensionful quantities should be proportional to Λ with

some order one coefficient:

L ⊃
∑

{O}

cO × Λ4−[O ] ×O , (3.112)

where O is some operator with mass dimension
[
O
]
, and cO ∼ O(1) is a Wilson coefficient,

and the sum is over the set of operators of relevance {O}. This can be compared with a more

nuanced (or legalistic) definition of natural choices for Wilson coefficients, usually referred

to as “technical naturalness” (or ’t Hooft naturalness [78]). For theories in this class, a small

parameter is considered natural as along as an additional symmetry is restored in the limit

that it is taken to zero:

L ⊃
∑

{O}

cO × Λ4−[O ] ×O +
∑

{Õ}

s× cÕ × Λ4−[Õ ] × Õ , (3.113)

where now a special set of operators {Õ} have been separated off, with Wilson coefficients cÕ.

The additional factor s is a “spurion” in that it tracks the breaking of whatever symmetry

is restored in the limit that s→ 0. This implies that these coefficients can in principle take

values s cÕ � 1 while maintaining technical naturalness.

There have been many recent complaints that we should abandon the notion that fine-

tuning in the context of the Standard Model is a serious issue. This can largely be traced

to the (as of yet) non-observation of new physics at the LHC and other experiments, which

is driven by the feeling that aesthetic naturalness should have been realized by nature.

However, many technically natural ideas remain viable, and it is my point of view that they

are to be taken seriously.

A Supersymmetric Detour51

At this point, a toy model would illuminate the ideas I are trying to convey. I will

work in the context of weakly coupled supersymmetry, since this is a simple field theoretic

contribution to its mass parameter in a situation where the only new scale is associated with a non-

perturbative deviation in the anomalous dimensions of the theory [75].
51 A working knowledge of the relevant supersymmetry tools (superpotentials and their renormalization

properties, and gauge mediated supersymmetry breaking in particular) is required to follow these

arguments. For introductions, see e.g. [79, 80].
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framework that makes scalar masses calculable. The purpose of the choices made here is to

mimic Eq. (3.90), to see how the hierarchy problem emerges. This is followed by a more

sophisticated example that manifests masses that are calculable in terms of gauge couplings.

Take a four-dimensional N = 1 supersymmetric model with a light superfield φ and a

heavy superfield Φ. The Kähler potential is canonical, and the superpotential is52

W =
1

2
mφ2 +

1

2
M Φ2 +

1

2
κφ2 Φ . (3.114)

Famously, the superpotential does not receive any quantum corrections. Therefore, the limit

m�M is radiatively stable, and this theory does not have any hierarchy problem. This is

true even though it contains the same scalar interactions (and more) as our example above

with the Lagrangian given in Eq. (3.90):

LInt =
∣∣mφ+ κφΦ

∣∣2 +
∣∣M Φ + κφ2

∣∣ . (3.115)

In particular, if one were to match onto an EFT with only the φ superfield at a scale near

M , one would find that the extra scalar diagrams that result from terms like M κΦ† φ2 +h.c.

along with the loops involving the fermionic superpartners would all conspire to result in no

matching corrections for the light mass.

In order to discover a toy model with a calculable hierarchy problem, one must softly

break supersymmetry. In particular, adding the following additional terms to the Lagrangian

at the matching scale

LSoft = −M κΦ† φ2 −mκφ† φΦ + h.c. , (3.116)

would yield the exact same diagrammatic structure in the scalar sector as before (of course

there are still the fermion diagrams which contribute). Then this version of the model would

realize a large correction to the mass of φ proportional to κ2 (M2+m2)/(16π2). If one needed

to maintain the small mass for φ, the UV parameters would need to be chosen with care.53

• Exercise: Work out the matching calculation for the mass of φ in the theory where

supersymmetry is maintained. Then do the same when the soft-breaking Lagrangian

Eq. (3.116) is included to verify my conclusions.

52 I will resist the temptation to call the superpotential coupling
√
κ, even though this would more closely

resemble the notation above.
53 Note that for the sake of simplicity, I have taken the soft breaking parameters to be exactly the same

as their supersymmetric counterparts, even though there is no mechanism to maintain their equality. In

fact, RG evolution makes this an unstable choice. However, it is straightforward to see that the argument

presented here does not require that this choice be precisely satisfied.
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At the risk of overdoing it, I will introduce a more sophisticated toy model to draw

attention to one flaw in the example I just presented. In particular, since I added soft

supersymmetry breaking by hand, one might argue that this does not satisfy the requirement

that the parameters are fully calculable in the UV. To that end, I will rely on a scheme

for deriving calculable soft breaking masses known as gauge mediation, see [81] for an

introduction.

The model has three superfields φ, Φ1, and Φ2, who couple to each other with the

superpotential

W = κφΦ1 Φ2 , (3.117)

which gives cross quartic couplings among all three scalar fields. Next, assume there are two

gauged U(1) symmetries, labeled by A and B, under which the fields are charged as

field QA QB

φ +1 0

Φ1 −1 +1

Φ2 0 −1

(3.118)

Then imagine that these fields receive gauge mediated masses, which are generated at

two-loops. Parametrically, this implies m2 ∼
[
(g2
A,B/16π2)F/MA,B

]2
, where F breaks

supersymmetry, which is coupled to a set of “messenger” fields with mass MA,B for the

superfield carrying U(1)A,B charges respectively. This in turn assumes that the F -term

derives from a fully calculable source, e.g. dynamical supersymmetry breaking [61]. Then

at leading order, this model could realize a scalar mass spectrum m2
φ � m2

Φ1,2
if there is a

hierarchy in the gauge couplings gA � gB, assuming MA ∼ MB. This choice is technically

natural, since taking a gauge coupling to zero enhances the global symmetry structure of the

model. However, if one then calculated with this theory to the next order in perturbation

theory, RG evolving to scales below m2
Φ1,2

would yield a non-trivial threshold correction to

m2
φ in exact analogy with above. Then in order to maintain the lightness of the φ field, toy

model nature would have to fine-tune the two gauge couplings gA and gB. This is a concrete

realization of the hierarchy problem in terms of UV parameters, and serves to highlight

how bizarre it would be if the smallness of the weak scale were ultimately traced back to a

fundamental physics conspiracy of this ilk.

End Detour
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These kinds of arguments have motivated many of us to seek natural theories for the Higgs

mass. One way to classify these models is through their reliance on either a field-theoretic

or a cosmological mechanism. The field-theoretic approaches introduce a new symmetry54

that can be used to forbid the Higgs mass parameter. They then reintroduce this parameter

in a controlled way by softly breaking the symmetry, i.e., with a spurion as in Eq. (3.113).

The two classic approaches incorporate supersymmetry (following the same logic underlying

the two examples I just presented), where the Higgs mass parameter inherits the chiral

symmetry protection mechanism of its Higgsino superpartners, and/or a shift-symmetry,

where the Higgs is assumed to be a pseudo-Nambu-Goldstone boson (a composite state),

and therefore has a small protected mass parameter. For a detailed discussion, see the classic

review of the supersymmetric Standard Model [79], and for some reviews of composite Higgs

and other non-supersymmetry approaches, see [83–85].

The cosmological solutions instead solve the problem outside of field theory. Starting

with a Higgs that suffers a fundamental fine-tuning, these approaches propose that some

dynamics in the early universe selects a small Higgs mass parameter. The classic example is

anthropic selection [86] (especially since this is essentially the only plausible explanation for

the small cosmological constant55 [88]), but recent years have seen the emergence of many

new ideas, e.g. the relaxion [89] which couples the Higgs mass parameter to the potential of a

new axion-like field (which is now understood to have observable consequences, see e.g. [90]),

Nnaturalness [91] with its reliance on many new degrees of freedom and a novel approach

to reheating, and a more recent proposal that correlates the vacuum energy during inflation

with the value of the Higgs mass parameter [92] and also [93]. It is even possible that some

kind of break down of decoupling, a.k.a. UV/IR mixing, could solve the problem as well,

although I am not aware of any plausible example model on the market that incorporates

this notion into the Standard Model.

I want to acknowledge that it is fair to be skeptical of these arguments as a motivation for

new physics since there is no known physical observable directly associated with an unnatural

Higgs mass parameter. Said another way, discovering a hierarchy problem requires the

context of a UV model. As such, one can maintain a perfectly consistent point of view that

the perceived fine-tuning is simply an artifact of the way we do calculations and should be

ignored since it has no implications for experiment. However, I would push back by pointing

54 One might also classify approaches that solve the problem by lowering the cutoff of the theory to the TeV

scale, although these models do not rely on a new symmetry, see e.g. [82], as field-theretic.
55 Here I are going to display uncanny hubris by relegating a brief mention of the cosmological constant

fine-tuning problem to a footnote. But if I am are honest, this choice is due to the fact that I are not

nearly clever enough to have anything useful to say about this monumental failure of naturalness driven

arguments. To this end, I defer to Weinberg for wisdom [87].
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out that there are many historical examples where interpreting a quadratic divergence as the

harbinger of new physics has borne fruit: the power law divergent classical self energy of the

electron is screened by the presence of the positron at short distances [94]; the quadratically

divergent pion mass splitting is cutoff by the ρ-meson; the quadratically divergent mass

difference between the long and short neutral Kaon states were used to predict the charm

quark mass [95] – these are all summarized in e.g. [96]. Additionally, from a theory space

point of view, every attempt to build a model where the Higgs mass is protected by a

symmetry (thereby making it a calculable parameter) has yielded a fine tuning of the Higgs

mass parameter when the Full Theory parameter space with M � m is explored. Finally,

we note that there are cases where one has control of analogs of the mass parameters in an

experiment: when tuning an external magnetic field in a condensed matter system (where

quantum field theory provides a good description near a phase transition) the presence of

fine-tuning often manifests, see e.g. the discussion in [97].

To summarize, we have seen an ad-hoc Higgs mechanism appear before in the form of

superconductors, and this model turned out to have its origins in a microscopic theory such

that its parameters are in-principle calculable. The least radical option is that the same

is true for the Higgs sector of the Standard Model. Furthermore, claiming that the weak

scale is simply an incalculable quantity that is set by a renormalization condition would

have tremendous implications for the reductionist philosophy that has driven progress in

fundamental physics since its inception. So while at the time these notes were written there

is still no experimental experimental evidence for a resolution of the hierarchy problem, I am

of the strong opinion that the motivations still stand. Addressing electroweak naturalness in

new ways (especially if they yield novel connections to experiment) is a worthwhile pursuit.

The next section gets back to technical aspects of EFTs,56 and presents our first example

of separating scales inside a log that has no explicit µ̃ dependence.

E. Separation of Scales for a Heavy-light Log

We expect that many of the manipulations and techniques utilized thus far would be

somewhat familiar to the reader. In fact, the purpose of providing so much detail for these

calculations was in large part to set a strong foundation for this section. Here we work

with our first non-trivial example of a logarithm that is not an explicit function of the RG

scale µ̃. Specifically, we will construct a toy scalar model whose perturbative structure will

56 For the reader who is interested in more modern discussions of the hierarchy problem, I recommend

these recent lectures on BSM physics [98], this essay on “post-modern naturalness” [99], this essay on

“naturalness under stress” [100], and this essay on the interpretation of fine-tuned theories [101].
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generate a factor of logm2/M2. We will then show how to sum this log by matching and

running. This is relevant to the parameter space where power counting will be effective,

i.e., λ ∼ m/M � 1. Along the way, we will encounter new features associated with power

counting that will be emphasized.57

The Full Theory contains φ and Φ as propagating degrees of freedom, and we only

need one interaction

LFull
Int = − 1

3!
ρ φ3 Φ . (3.119)

Schematically, our approach will involve the following scales:
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(3.120)

where in this figure we are correlating the RG scales with their natural size. We want to

match our Full Theory at a scale µ̃M onto the EFT for the light modes alone. Therefore,

we must pick a process, and – surprise! – we will use φφ → φφ at threshold. There is a

contribution from the Full Theory diagrams,

t -channel

+

u -channel

: = 2
(
µ2ε
M ρ
)2
∫

dd`

(2π)d
1

(`2 −m2)(`2 −M2)
, (3.121)

We will call this a “heavy-light” loop for reasons that we hope are self-evident. There is also

an s-channel contribution which we will evaluate below, see Eq. (3.124). For now we will

focus on these diagrams because they do not have external momentum flowing through the

57 Specifically, our example actually yields a power suppressed log, λ2 log λ2. Clearly, the power suppression

keeps it from actually becoming large enough to cause a problem for perturbation theory. Nonetheless,

this simple example will show how the procedure works, and will then generalize to more complicated

cases, e.g. SCET as discussed below.
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loop. Using the Feynman parameter trick from Eq. (3.21), this integral becomes

2× = 2
(
µ2ε
M ρ
)2
∫

dd`

(2π)d

∫ 1

0

dx
1

[
`2 −

(
xm2 + (1− x)M2

)]2

=
2i µ2ε

M ρ2

16π2

∫ 1

0

dx

[
1

ε
+ log

(
µ̃2
M

xm2 + (1− x)M2

)]

=
2i µ2ε

M ρ2

16π2

[
1

ε
− m2

M2 −m2
log

µ̃2
M

m2
+

M2

M2 −m2
log

µ̃2
M

M2

]

=
2i µ2ε

M ρ2

16π2

[
1

ε
+ log

µ̃2
M

M2
+
m2

M2
log

m2

M2
+ 1 +O

(
m4

M4

)]
,

(3.122)

where in the last line, we used58

(
− m2

M2 −m2
log

µ̃2
M

m2
+

M2

M2 −m2
log

µ̃2
M

M2

)
+

(
m2

M2 −m2
log

µ̃2
M

M2
− m2

M2 −m2
log

µ̃2
M

M2
+ 1

)

= log
µ̃2
M

M2
+

m2

M2 −m2
log

m2

M2
= log

µ̃2
M

M2
+
m2

M2
log

m2

M2
+ 1 +O

(
m4

M4

)
. (3.123)

Before expanding in small λ ∼ m/M , this result is m ↔ M symmetric as it must be.

However, since we are interested in the limit λ� 1, the expanded result is relevant.

Intriguingly, this generates a term with the structure λ2 log λ2. So we have produced a

log that is only a function of physical scales as promised, but this log is power suppressed.

This power suppression can be understood from a physical perspective. Going back to the

original expression in Eq. (3.122), we see that this integral is IR finite in the limit that

m→ 0. Therefore, if m appears as the argument of a logarithm, it must do so in a way that

is also finite as m→ 0, explaining the power suppression.

Next, we turn to the s-channel diagram. Since we are evaluating our process at threshold,

p1 = p2 =
(
m,~0

)
. Above, we neglected the potential for this momentum flowing through the

diagram to change our results since we were focused on the UV divergent terms. Here our

58 Note that it is easy to derive this expression from the original one by taking µ̃M = M . However, since we

are interested in tracking the µ̃ dependence, we will maintain it as a free parameter.
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focus is on a logarithm whose argument depends on m, so we should treat this carefully:59

s-channel: =
(
µ2ε
M ρ
)2
∫

dd`

(2 π)d
1

((`+ p1 + p2)2 −m2)(`2 −M2)

=
iµ2ε

M ρ2

16 π2

[
1

ε
+ log

µ̃2
M

M2
+ 1 +

m2

M2

(
log

m2

M2
+ 2

)
+O

(
λ4
)]

. (3.124)

So we see that the s-channel diagram does yield a different result from Eq. (3.122), but

it contributes the same 1/ε pole and log terms as the other two channels, yielding a total

contribution of three λ2 log λ2 when we sum channels.

• Exercise: Derive Eq. (3.124).

All together, we find

3× =
3i µ2ε

M ρ2

16π2

[
1

ε
+ log

µ̃2
M

M2
+ 1

+
m2

M2

(
log

m2

M2
+

2

3

)
+O

(
λ4
)]

. (3.125)

There is another class of diagram that contributes:

4× =
(
µ2ε
M ρ
)2 4

2

1

p2
Φ −M2

∫
dd`

(2π)d
1

`2 −m2

= −iµ
2ε
M ρ2

8π2

m2

M2

(
1

ε
− log

m2

µ̃2
M

+ 1

)
+O

(
λ4
)
, (3.126)

where the 1/2 is a symmetry factor, and the overall factor of 4 counts that there are 4

independent diagrams, one for each choice of momentum assignment. Note that in moving

from the first to the second line, we have expanded p2
Φ ∼ λ2 for the off-shell heavy scalar

propagator that appears before the integral. These higher power corrections play no role

here.

These diagrams in Eq. (3.126) are perhaps unfamiliar because they are not naively one-

59 which will lead us to discover that being careful will in fact not change the result for the term of interest...
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particle irreducible. However, since we are performing a matching calculation, we should only

apply our one-particle irreducible criterion to the light degrees of freedom. The justification

for this assertion comes from realizing that by working in the λ� 1 limit, any Φ propagator

is always far off-shell, and so it is necessary to include diagrams of this form. Note that

the power suppression is clear at the diagrammatic level due to the presence of the heavy

off-shell propagator.60

After renormalization using the MS scheme, the NLO Full Theory matrix element for

φφ→ φφ at threshold is

iAFull =
iρ2

16 π2

[
3 log

µ̃2
M

M2
+ 3 +

m2

M2

(
3 log

m2

M2
+ 2 log

m2

µ̃2
M

)
+O

(
λ4
)] [

NLO
]
.

(3.127)

The first log can be summed by introducing and subsequently running η, following exactly

as in Sec. 3 B above. Our focus here is on separating the scales appearing in the second

and third logs, and showing how the m dependent log is regenerated at a low scale using

EFT techniques. Again we emphasize that this power suppressed log will not ever cause an

issue for perturbation theory, although it could be important if one needs the prediction to

a particularly high accuracy. However, this model provides an excellent pedagogical case

study for applying the matching and running procedure. The power suppression will also

impact our interpretation of the RG, as we will show in what follows.

Matching onto the EFT and the Separation of Scales

Now we are ready to match onto the EFT up to one-loop order. We will need the EFT

interactions

LEFT
Int ⊃

1

4!
C4 φ

4 +
1

6!

C6

M2
φ6 . (3.128)

Our first step is to match the Full Theory to the EFT at tree-level. Note that although

C4 = 0 at tree-level due to our UV choice, it will receive a one-loop matching correction

60 There is yet another way to interpret the physics associated with this diagram. If one were working

consistently to one-loop order in the Full Theory, then taking our interaction in Eq. (3.119) and

closing a φ loop would generate a mass mixing between φ and Φ. Then the proper procedure would be

to diagonalize the Full Theory scalar masses, which would yield the same result when expanded in λ.

Additionally, note that at higher loop order the fields would mix due to wavefunction renormalization.
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from Eq. (3.127). There is a non-zero tree-level contribution to C6:

1

2

(
6

3

)
× = −i10 ρ2

(
− 1

M2

)
+ · · ·

= + · · · = −i C6

M2
, (3.129)

where the factor of (6 choose 3) accounts for all possible momentum routings. So tree-level

matching yields

C4 = 0 C6 = −10ρ2
[
LOM

]
. (3.130)

• Exercise: Derive Eq. (3.130) by using the equations of motion to integrate out Φ in

the Full Theory, following the same steps that led to Eq. (3.12).

Now we are ready to match the one-loop power expanded Full Theory result

Eq. (3.127) onto the EFT. We need the EFT to generate the same non-analytic structure as

a function of the IR parameter m2 as in the Full Theory. This implies that the matching

correction will be analytic in m2. It turns out there is only one class of EFT diagrams to

compute

=
1

2

C6

M2
µ4ε
M

∫
dd`

(2 π)d
1

`2 −m2

=
iµ2ε

M C6

32π2

m2

M2

[
1

ε
+ log

µ̃2
M

m2
+ 1 +O(ε)

]
, (3.131)

where the 1/2 is a symmetry factor, and the RG scale is µ̃2
M because we are matching at

the high scale where Eq. (3.130) is appropriate. This can be interpreted as an operator

mixing effect, since C6 generates a contribution to C4 at loop level, and as such will lead to

a non-homogeneous RGE, see Eq. (3.135) below. Note that this diagram will only contribute

to the RGE at O(λ2), i.e., it is power suppressed.
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Since it is higher power, we will not need to renormalize C6 when working at one-loop.61

We renormalize the C4 coupling in the low energy EFT by setting the Z4 counterterm to

cancel the 1/ε term as usual. This gives us a counterterm

Z4 = 1 +
1

C4

C6

32π2

m2

M2

1

ε
. (3.132)

Now we can apply Eq. (3.79) to match the Full Theory and EFT at one-loop:

CMatch
4

(
µ̃M
)

= − ρ2

16π2

[
3 log

µ̃2
M

M2
+ 1 +

m2

M2

(
3 log

m2

M2
+ 2 log

m2

µ̃2
M

)]

+

[
−5i ρ2

16π2

m2

M2

(
log

µ̃2
M

m2
+ 1

)]

=
1

10

C6

16π2

[
3 log

µ̃2
M

M2
+ 3 +

m2

M2

(
3 log

µ̃2
M

M2
+ 5

)] [
NLOM

]
. (3.133)

Recalling that we are assuming that the Full Theory tree-level φ4 coupling is zero at the

matching scale, see Eq. (3.130), we have now derived the boundary condition for the RGEs,

C4

(
µ̃M
)

= CMatch
4

(
µ̃M
)
. Again, we emphasize that this matching coefficient is fully analytic

in m as it must be, see the discussion below Eq. (3.82). Note that from the EFT point of

view, the log µ̃2
M/M

2 term is not absorbed by RG evolution, and instead simply contributes

as a threshold correction, exactly as in our previous examples.

Before we finish the calculation, it is worth pausing to appreciate that a non-trivial

separation of scales has now been performed. Inspecting the power suppressed term in

Eq. (3.133), we see that our logm2/M2 has now been separated into a log µ̃2
M/M

2. The

other part, logm2/µ̃2
L will be generated by EFT loops. This is what we need to apply

RG techniques within the EFT to sum our log! The rest of this section will do just that,

and in particular will show how the LL + NLO result expanded to leading log order will

recombine back into Eq. (3.127). We reiterate that what matching has done is to take the

logm2/M2 apart, resulting in a contribution at the matching scale that depends explicitly on

the associated scale µ̃M . This provides a boundary condition for our RG evolution within

the single scale EFT down to a low scale µ̃L, where we then can compute the one-loop

EFT fixed order corrections to derive a summed result that no longer suffers from any (in

principle) large log problems.

Moving forward in the calculation, our next step is to derive an RGE that can be used to

61 If we wanted to run the C6 coupling, we would need to include operators that power count like λ4. In

other words, we would need to include a φ8 local operator in our Lagrangian, which would then both

contribute to C4 (at two loops) and to C6 (at one loop), implying that we would have to renormalize C6.
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evolve the matched C4

(
µ̃M
)

to a low scale µ̃L. We will need the anomalous dimension for

the φ4 operator in our EFT. Fortunately, we have already computed the running of C4 due

to its self interaction, see Eq. (3.59) above. All we need to do is extract the running due to

C6 from Eq. (3.131). This is straightforward to accomplish through the application of the

formulas for the anomalous dimensions we derived above in Eq. (3.45):

γ44 =
3

32π2
C4 −

1

32π2

C6

C4

m2

M2
γ46 =

1

16π2

m2

M2
. (3.134)

Then we use the general form of the RGE in Eq. (3.46) along with γ44 as computed in

Eq. (3.57) to evolve our Wilson coefficient from the high scale µ̃M to the low scale µ̃L:

d

d log µ̃2
C4 =

3

32π2
C2

4 +
1

32π2

m2

M2
C6 . (3.135)

Note that we must be careful to track that each insertion of the φ6 operator comes with a

power suppression. Since we have truncated our expansion to only capture terms of O
(
λ2
)
,

we can only consistently include one insertion of this operator when integrating the RGE.

Note that this is not an issue for φ4 since this operator power counts as O(1), implying that

we can do an infinite number of φ4 insertions at no cost (which is how we interpret what

integrating the RGE is doing). Therefore, to solve the RGE in a way that is consistent with

power counting, we take our full C4 solution, given in Eq. (3.59) above, and perturb it with

a single φ6 insertion. If we wanted to go to O
(
λ4
)
, we would need to include the effects of

the φ8 operator. This is how renormalization proceeds for a “non-renormalizable” theory.

We can track power counting order n with a superscript C
(n)
4 , so that Eq. (3.59) solves

for C
(0)
4 . To derive the first sub-leading power contribution due to an insertion of φ6, we

expand C4 = C
(0)
4 + C

(2)
4 and plug this into the RGE

d

d log µ̃2

(
C

(0)
4 + C

(2)
4

)
=

3

32π2

(
C

(0)
4

)2

+
1

32π2

m2

M2
C6 . (3.136)

Note that the when we expand C2
4 consistently, the C

(0)
4 C

(2)
4 cross term can be neglected

since it is both coupling and power suppressed.62 Then we can use the fact that C
(0)
4 solves

the RGE with C6 = 0 to derive the leading power correction to the RGE

d

d log µ̃2
C

(2)
4 =

1

32π2

m2

M2
C6 , (3.137)

62 If one were interested in extending this calculation to higher loop order (but same order in power counting),

it would no longer be consistent to ignore the cross term between the leading and power suppressed pieces

of C4. One could still solve the exact RGE with C4/C6 mixing and then truncate in λ, but another

strategy would be to factorize the RGE into separate differential equations with uniform power counting.
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which is trivial to solve. The solution for the running coupling C4

(
µ̃L
)

to O(λ2) is63

C4

(
µ̃L
)

=
C

(0)
4

(
µ̃M
)

1− C(0)
4

(
µ̃M
)

3
32π2 log

µ̃2
M

µ̃2
L

+

(
C

(2)
4 (µ̃M) +

1

32π2

m2

M2
C6 log

µ̃2
M

µ̃2
L

) [
LL

λ2

]
, (3.138)

where C
(2)
4

(
µ̃M
)

is the power suppressed C6 dependent contribution from matching given

in Eq. (3.133), while the non-power suppressed terms from the matching are absorbed into

C
(0)
4

(
µ̃M
)
.

The last step is to compute the perturbative corrections within the EFT at the low scale.

Specifically, these come from a set of diagrams proportional to
(
C4

)2
, see Eq. (3.56), and a

set proportional to C6, see Eq. (3.131), but now evaluated at the scale µ̃L:

iAEFT = −iC4

(
µ̃L
) [

1− 3

32π2
C4

(
µ̃L
)

log
µ̃2
L

m2

]
+

iC6

32π2

m2

M2

[
log

µ̃2
L

m2
+ 1

] [
NLO

]
.

(3.139)

So now we have all the necessary pieces required to derive an LLλ2 + NLO summed

amplitude, although we will not do so explicitly. Instead, it will prove to be illuminating to

expand our RGE solution and put everything together to show that we recover the Full

Theory result Eq. (3.127) when expanding the RG solution to leading log order (recall that

C6

(
µ̃M
)

= −10 ρ2):

iAFull = i
−10 ρ2

16π2

1

10

m2

M2

[
3 log

m2

M2
+ 2 log

m2

µ̃2
M

]
+ · · ·

[
NLO

]
;

iAEFT
Expanded = i

1

10

1

16π2
C6

m2

M2

(
3 log

µ̃2
M

M2
+ 2 log

µ̃2
M

µ̃2
M

)

− i 1

32π2

m2

M2
C6 log

µ̃2
M

µ̃2
L

− i 1

32π2

m2

M2
C6 log

µ̃2
L

m2
+ · · ·

= i
C6

32π2

1

10

m2

M2

[
3 log

m2

M2
+ 2 log

m2

µ̃2
M

]
+ · · ·

[
LLλ2 + NLO

]
, (3.140)

where the Full Theory result on the first line only reproduces the power suppressed

63 Now the LLλ2 in the brackets is there to track that we are including the sub-leading power correction to

the LL RGE.
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log dependent terms from Eq. (3.127). The first line of the EFT result is the matching

contribution, the second line is the RG contribution expanded to keep only the leading logs,

and the final line is the EFT low scale loop correction. The final equality clearly shows

agreement with the Full Theory result, demonstrating that our procedure for separating

scales works as anticipated.

• Exercise: Track the finite terms to show that the complete Full Theory result in

Eq. (3.127) can be built by putting together the matching + running + EFT loop

contributions.

We see that this exercise exposes all the promised features of matching and running.

All integrals were expanded such that they only were functions of a single scale. Once the

scales were separated, the application of the RGE was completely straightforward, thereby

summing all dangerous logarithms and connecting the high scale description to the low scale.

• Exercise: Famously, the Higgs quartic receives a finite log correction within the

Minimal Supersymmetric Standard Model (MSSM) whose argument is the ratio of

the stop mass to the top mass [102]. This is a very important effect since the Higgs-

boson mass is bounded by the Z-boson mass at tree level in the MSSM, and so the

stop-top loop corrections are critical to achieve a 125 GeV physical Higgs mass. An

excellent application of matching and running is to apply the techniques discussed here

to separate scales inside that log and sum it at one-loop order.

We close this section with one final analysis. We will define the “method of regions” and

apply it to our heavy-light integral in Eq. (3.121). This will lay the groundwork for our

investigation of more complicated integrals that yield Sudakov logarithms, as discussed in

Sec. 4 A and Sec. 4 B below.

F. Method of Regions for a Heavy-light Integral

In this section, we introduce the so-called method of regions [57],64 and apply it

to Eq. (3.121), the heavy-light integral from the previous section. The purpose of this

method is to decompose a complicated multi-scale integral into many simpler single scale

integrals by utilizing an expansion in a power counting parameter λ. The result is that one

64 Some useful general references are [103] and Chapter 9 of [104]. For a demonstration of problems that can

arise at higher loop order, see [105], and for some work towards a proof of the method, see [106, 107]. In

particular, [106] demonstrates how to use this approach in the presence of zero-bins (which are discussed

in Primer F below).
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dimensionally regulated integral over the full domain is expressed as many integrals whose

limits of integration are localized about the region where they have non-trivial support.

Then relying on the fact that scaleless integrals vanish in dim reg, one can extend each of

these expanded integrals to the full domain of integration, and then apply dim reg to regulate

them individually. Initially, this will be used as a method for computing integrals in the

limit that λ � 1, but then in Sec. 5 we will see that we can interpret each non-vanishing

on-shell region65 as contributing a propagating degree of freedom to the EFT.

We begin with our heavy-light integral

I = µ2ε

∫
dd`

(2π)d
1

`2 −m2

1

`2 −M2
. (3.141)

Define a power counting parameter λ ∼ m/M . Next, assume a particular λ scaling for `,

and Taylor expand the denominator factors assuming this ` scaling before integrating. Since

we want to reproduce our λ2 log λ2 heavy-light log, we will need to carry these expansions

to λ2 subleading order.

The most obvious region has hard scaling

`µh ∼M
(
1, 1, 1, 1

)
, (3.142)

so that our integral can be expanded as

d4`(
`2 −M2

)(
`2 −m2

) −→ d4`h(
`2
h −M2

)
`2
h

+
m2 d4`h(
`2
h −M2

)
`4
h

, (3.143)

which go as ∼ O
(
1
)

and ∼ λ2 respectively. We also can expand our integrand assuming a

soft scaling

`µs ∼M
(
λ, λ, λ, λ

)
, (3.144)

yielding

d4`(
`2 −M2

)(
`2 −m2

) −→ d4`s

−M2
(
`2
s −m2

) , (3.145)

which scales as ∼ λ2.

65 A way to see if a mode can go “on-shell” is to check if it can satisfy p2 = 0 when λ 6= 0. This condition

holds for the hard, collinear, and soft modes of φ. Regions that do not have an on-shell interpretation will

yield effects such as “potential” or “Glauber” exchanges, see Eq. (6.103) for the scalings. These effects

will only be briefly mentioned as they are beyond the scope of these lectures.
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Next we integrate each of these expanded integrands:

I(0)
h = µ2ε

∫
dd`h
(2π)d

1(
`2
h −M2

)
`2
h

=
i

16π2

(
1

ε
+ log

µ̃2

M2
+ 1

)

I(2)
h = µ2ε

∫
dd`h
(2π)d

m2

(
`2
h −M2

)
`4
h

=
i

16π2

m2

M2

(
1

ε
+ log

µ̃2

M2
+ 1

)

I(2)
s = µ2ε

∫
dd`s

(2π)d
1

−M2
(
`2
s −m2

) = − i

16π2

m2

M2

(
1

ε
+ log

µ̃2

m2
+ 1

)
, (3.146)

where the superscripts n on I(n) correspond to the order in power counting that this integral

will contribute, and we used the same evaluation as was needed for Eq. (3.30) above. Then

simply summing the results in Eq. (3.146) yields

I = I(0)
h + I(2)

h + I(2)
s =

i

16π2

[(
1

ε
+ log

µ̃2

M2
+ 1

)
+
m2

M2

(
log

µ̃2

M2
− log

µ̃2

m2

)]
. (3.147)

We see that the method of regions approach reproduces our direct calculation of the full

integral up to O
(
λ2
)
, see Eq. (3.122).

• Exercise: Convince yourself that any other scalings for ` will yield a scaleless integral.

Since our EFT is Lorentz invariant, we can restrict ourself to homogeneous scalings of

the loop momentum `µh ∼M
(
λa, λa, λa, λa

)
, for some choice of a.

• Exercise: Perform the same type regions expansion to evaluate the s-channel diagram

given in Eq. (3.124) to λ2 order.

As was mentioned above, identifying the regions has a corresponding interpretation from

the EFT point of view. The hard region contributes to the local Wilson coefficient via

matching, while the soft region corresponds to dynamics in the EFT, modeled by the scalar

φ and its interactions. This procedure is unnecessarily sophisticated for this simple heavy-

light example (which is why we are doing it at the end), but it will be critical for our

understanding of SCET in what follows.

The next section reviews the physics of soft and collinear divergences, including the

identification of large IR logarithms that can require summation. This will prime us for our

toy version of SCET that follows in Sec. 5.
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4. Soft and Collinear Divergences

Now that we have developed a strong foundation for applying matching and running to

separate scales, we can turn our attention to some more involved examples. The goal for

the rest of these lectures is that the reader will learn to sum (double) logarithms associated

with soft and collinear divergences using EFT techniques. To that end, this section is

devoted to setting up the relevant background, before introducing SCET in Sec. 5. Before

we get into the physics, we explain light-cone coordinates in the next Primer. This is the

natural setting for working with collinear divergences. A Primer on the systematics of IR

divergences in field theory then follows. The main results for this section are provided in

Sec. 4 A and Sec. 4 B, where we will use the method of regions to evaluate two archetypical

integrals that yield the so-called Sudakov double logs [108] we are interested in summing.

Primer D. The Light Cone

We will be interested in taking the collinear limit of momenta, so it is useful to work

with respect to a light-like reference direction. To this end, we introduce so-called light-cone

coordinates, where our coordinate system is decomposed along a “collinear” direction nµ, an

“anti-collinear” direction n̄µ, and the two “perp” directions specified with a ⊥ symbol, whose

defining feature is that they are perpendicular to n and n̄. Calculating in these coordinates

is also known as field theory in the infinite momentum frame or null plane field theory.66

When we need to be explicit, we will always make the standard choice to point nµ along

the +ẑ light-cone direction:

nµ =
(
1, 0, 0, 1

)
, (4.1)

such that n2 = 0. Then the anti-collinear direction is defined by the condition that it is light-

like, n̄2 = 0, and that it points opposite to n, such that n · n̄ = 2 (the 2 is a normalization

convention, and will lead to many subtle factors of two that are easy to miss).67 When we

66 Essentially all of the light-cone formalism that follows can be found in [109], where they show how to

perform QED calculations when expressed in the infinite momentum frame. They additionally show

that the elements of the subgroup of Poincaré which leave n̄ · x invariant are the familiar non-relativistic

Galilean symmetries.
67 A choice of conventions that avoids many of these factors of 2 is to instead define nµ = (1/

√
2, 0, 0, 1/

√
2)

and similar for n̄µ so that n · n̄ = 1. Here, we have chosen to follow the conventions that are typically

used in the SCET literature.
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need to be explicit, we will always take the convenient choice

n̄µ = (1, 0, 0,−1) . (4.2)

Then the other two directions are defined by having a vanishing dot product with n and n̄.

In our explicit frame, this implies

pµ⊥ =
(
0, p2, p3, 0

)
. (4.3)

Then the metric tensor can be written as

gµν =
nµ n̄ν

2
+
n̄µnν

2
+ gµν⊥ , (4.4)

where gµν⊥ is defined implicitly by this equation. Lorentz four vectors are then68

pµ =
n̄µ

2
n · p+

nµ

2
n̄ · p+ pµ⊥, (4.5)

such that

p2 = (n · p)(n̄ · p) + p2
⊥ , (4.6)

where p2
⊥ ≡ p⊥ · p⊥ = pµ⊥ p⊥µ = −p2

1 − p2
2. Note the opportunity for minus sign mistakes

here; the “ · ” denotes a four-vector dot-product. Another confusing fact is that n · p is the

component of the momentum that points in the n̄µ direction and vice versa.

It will also be useful to take light-cone projections of the derivatives. For concreteness,

we can work in the explicit frame specified by Eq. (4.1) and Eq. (4.2), so that

n · p = p0 − p3 n̄ · p = p0 + p3 . (4.7)

Then

nµ
∂

∂pµ
=

∂

∂p0
+

∂

∂p3
=
∂n · p
∂p0

∂

∂n · p +
∂n̄ · p
∂p0

∂

∂n̄ · p +
∂n · p
∂p3

∂

∂n · p +
∂n̄ · p
∂p3

∂

∂n̄ · p

=
∂

∂n · p +
∂

∂n̄ · p −
∂

∂n · p +
∂

∂n̄ · p = 2
∂

∂n̄ · p . (4.8)

This is another subtle factor of two to watch out for.

68 It is common to introduce additional notation p+ = n · p and p− = n̄ · p. We chose to leave the n and n̄

dependence explicit for pedagogical reasons, at the expense of bulkier expressions.
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• Exercise: Show that Eq. (4.8) is self consistent by writing

∂

∂pµ
= nµ

∂

∂n · p + n̄µ
∂

∂n̄ · p +
∂

∂pµ⊥
, (4.9)

and evaluating this for ∂/∂p0. Note that this will require inverting Eq. (4.7) and using

the chain rule to evaluate terms like ∂p0/∂n · p.

Next, we introduce light-cone notation for the components of a Lorentz vector:

pµ =
(
n · p, n̄ · p, p⊥

)
, (4.10)

which will be utilized extensively in what follows. For example, the frame specified by

Eq. (4.1) and Eq. (4.2) is written as

nµ = (0, 2, 0) n̄µ = (2, 0, 0) , (4.11)

which is another factor of two to track.

We will see that SCET is not explicitly Lorentz invariant. One way this manifests is that

momentum can power count non-trivially in different directions. We will account for this

fact by letting pµ ∼
(
λa, λb, λc

)
for some a, b, and c below – this shorthand assumes that ⊥

is treated homogeneously when expanding around the light cone. Again, we emphasize that

this is not a three-momentum, but should instead be interpreted using Eq. (4.10).

Reparametrization Invariance

Working in light cone coordinates obscures Lorentz invariance, since we have explicitly

chosen a frame. Obviously, the underlying physics is still Lorenz invariant – a theory

expressed in light-cone coordinates must know about Lorentz invariance. Operationally,

one must work with operators that respect the transformations that are induced by the

broken Lorentz generators, order by order in the power counting expansion. This is known

as reparameterization invariance (RPI). When working with SCET, there is a non-trivial

interplay between Lorentz invariance and power counting, since we will be truncating our

mode expansion around the light cone. Note that if all orders in λ were included, SCET

must be equivalent to the Full Theory, where full Lorentz symmetry would be restored.

Therefore, the EFT must track the broken Lorentz generators order-by-order in power

counting, so that RPI serves as an additional consistency condition for SCET. When working

from the top down, RPI will automatically be preserved. Alternatively, when working from

the bottom up, one should constrain the operator structure to respect RPI. Due to its
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simple nature, RPI will play a minimal role in our toy scalar SCET theory studied in the

next section. Therefore, the rest of this Primer is most relevant to Sec. 6, where we discuss

SCET theories involving gauge bosons and fermions.

Practically, RPI can be characterized by noting that any choice of nµ and n̄µ which satisfy

the conditions n · n̄ = 2 and n2 = 0 = n̄2 must yield the same physics. These conditions are

invariant under three different kinds of reparameterization:

RPI-I RPI-II RPI-III

nµ → nµ + ∆⊥µ nµ → nµ nµ → eα nµ

n̄µ → n̄µ n̄µ → n̄µ + ε⊥µ n̄µ → e−α n̄µ

where ∆⊥µ , ε⊥µ , and α are the transformation parameters for RPI-I, RPI-II, and RPI-III

respectively, and n̄ · ε⊥ = n · ε⊥ = n̄ ·∆⊥ = n ·∆⊥ = 0.

To make the connection with Lorentz invariance clear, we can express the RPI generators

in terms of the full Lorentz group structure.69 These transformations were first worked

out for SCET in [111]. A novel approach for dealing with EFT operator structures in the

presence of reference vectors was developed in [112].

We begin with the Poincaré algebra:

[
P µ, P ν

]
= 0

[
Mµν , P ρ

]
= igµρP ν − igνρP µ

[
Mµν ,Mκρ

]
= −igµκMνρ − igνρMµκ + igµρMνκ + igνκMµρ , (4.12)

where Pµ = i∂µ is the generator of translations, and Mµν is the usual anti-symmetric matrix

of Lorentz generators which has an interpretation as generating the rotations M ij = −εijk Jk
and boosts M0i = Ki:

[
Ji, Jj

]
= iεijkJk

[
Ji, Kj

]
= iεijkKk

[
Ki, Kj

]
= −iεijkJk , (4.13)

where εijk is the anti-symmetric Levi-Civita tensor, e.g. ε123 = 1, ε213 = −1, ε122 = 0.

To expose the broken generators, we project Mµν onto n and n̄ as defined by Eq. (4.1)

69 For a formulation of RPI in terms of a spinor helicity representation of the light cone, see [110].
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and Eq. (4.2):

Rν⊥
I = n̄µM

µν⊥ = M0ν⊥ +M3ν⊥ =

{
K1 − J2

K2 + J1

Rν⊥
II = nµM

µν⊥ = M0ν⊥ −M3ν⊥ =

{
K1 + J2

K2 − J1

RIII = nµ n̄νM
µν = 2M03 = 2K3 , (4.14)

where ν⊥ = 1, 2, yielding the five generators of the RPI transformations. Note that the J3

generator does not appear. This could have been anticipated since rotations about the z-

axis leave our nµ and n̄µ vectors unchanged. When we discuss collinear fermions in Sec. 6 D

below, we will see how these definitions can be used to infer the fermion RPI transformations

from knowledge of the full Lorentz transformations.

Using the explicit matrix forms of the Ji and Ki generators for a four-vector basis, it is

straightforward to check that the identification made in Eq. (4.14) corresponds to the RPI

transformations for nµ and n̄µ. Then we can check the commutators

[
Rµ⊥

I , Rν⊥
I

]
= 0

[
Rµ⊥

II , R
ν⊥
II

]
= 0

[
R1

I , R
1
II

]
= iRIII

[
R2

I , R
2
II

]
= iRIII

[
R1

I , R
2
II

]
= −2iJ3

[
R2

I , R
2
II

]
= 2iJ3

[
R1

I , RIII

]
= −2iR1

I

[
R2

I , RIII

]
= −2iR2

I

[
R1

II, RIII

]
= 2iR1

II

[
R2

II, RIII

]
= 2iR2

II .

(4.15)

This explains the sense in which the RPI transformations encode the full structure of

the Lorentz group, since J3 appears when taking commutators of particular component

of RPI-I and RPI-II. Again, we emphasize that RPI is enforced as a constraint on our EFT

Lagrangian. Furthermore, performing an RPI transformation mixes orders in our power

counting parameter, which is a sign that restoring full Lorentz invariance requires including

terms to all orders in λ. If one were to sum up operators to all orders in power counting,

the full theory (with the accompanying Lorentz invariance) would emerge.

• Exercise: Check the identifications made in Eq. (4.14) reproduce the RPI transforma-

tions, and reproduce the commutation relations in Eq. (4.15).

In the next section, we will discuss IR divergences generally. By taking the soft and
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collinear limits of a concrete tree and loop process, we will develop some physical intuition

for how these divergences emerge.

Primer E. IR Logarithms

This Primer is devoted to exploring the systematic properties of soft and collinear IR

divergences. Our starting point is the statement that the calculation of a physical process

cannot be IR divergent order-by-order in perturbation theory (when computing with true

asymptotic states). This must be true since there are no IR analogs of the counterterms

used to eliminate UV divergences. However, amplitudes can individually manifest IR

divergences, which are the harbinger of potentially large physical IR logarithms that can

emerge. Measuring a fully inclusive final state will not lead to any IR logs, while restrictions

of the final state kinematics or particle type can expose the Sudakov double log. Exploring

these concepts is the goal of this Primer.

For concreteness, we will focus on a simple example process. Our Full Theory consists

of a heavy scalar Φ and a light scalar φ with an interaction Lagrangian

LFull
Int = − 1

3!
a φ3 − 1

2
b φ2 Φ . (4.16)

Our process of interest will be Φ → φφ, i.e., the injection of large energy into a system of

nearly massless particles. At LO, there is only one diagram
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�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

, (4.17)

which is trivially finite. At NLO, this process gets contributions from three additional

diagrams

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

, (4.18)

where the first diagram has a soft and collinear divergence from the loop integration (the

final state kinematics is fully specified by momentum conservation), and the second and

third diagrams generate IR divergences when integrated over phase space. The statement

of IR finiteness holds at the level of the observable. In our case, this is the total width for
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Φ, which is given schematically at NLO by

ΓΦ =

∫ 


∣∣∣∣∣∣

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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�
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�
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where the integrals are over the final state phase space, such that the IR divergences emerging

from the loop integration cancel against the phase space singularities associated with the

extra emissions.

This interplay among the IR divergences from different diagrams follows from unitarity.

While a derivation to all orders is beyond the scope of these lectures, see e.g. [113, 114],

it is straightforward to understand the IR structure of our one-loop calculation of ΓΦ by

studying the “unitarity cuts” of the two-loop diagram
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where Φ is on-shell, and the 1/2 is a symmetry factor. First, we note that there is no UV

divergence, since taking |`| → ∞ while holding k finite yields
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and the same holds for |`| small and |k| → ∞. Next, we check the limit where |`| and |k|
are simultaneously large, which yields70
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−→ UV finite , (4.22)

Next, we can check the IR structure by taking the soft limit for |`| → 0 with |k| fixed
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�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

∼ d4k

(2π)4

1

k4

1

(pΦ + k)2

1

M2

∫
d4`

(2π)4

1

`2
−→ IR finite , (4.23)

70 Note that the potentially confusing limit with ` = k naively leads to a log divergence, which does not

contribute when preforming the full integral.
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and the same holds for |`| fixed and |k| → 0. Finally, we check the soft limit where |`| and

|k| are taken to zero simultaneously

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
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Note that there are no collinear divergences, since there are no external light-like lines in

the initial or final state that one could take a collinear limit with respect to. We conclude

that the integral in Eq. (4.20) is finite.

• Exercise: Integrate Eq. (4.20) explicitly to demonstrate that it is finite. Note that

since there are no divergences to regulate, one can just combine denominators and

integrate without encountering any subtleties.

Next, we can make the connection with Eq. (4.19) explicit by taking the non-zero unitarity

cuts of our two-loop diagram.71 Explicitly,
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, (4.25)

which must be finite since the full two-loop diagram is finite. Up to normalization

(specifically, a factor of M), these diagrams are equivalent to the NLO calculation

represented schematically in Eq. (4.19). Although the individual pieces are IR divergent,

they sum to an IR finite result.72

71 The optical theorem relates the imaginary part of a loop diagram to a set of integrated amplitudes

squared. This can be implemented diagrammatically through the use of the symbol “
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,” which denotes

a unitarity cut: replace each propagator that crosses with 1/(p2−m2 + i0) → −2iπ δ
(
p2−m2

)
θ
(
p0
)
, see

e.g Sec. 24.1.2 of [3]. Then simply integrate over the on-shell phase space to derive the optical theorem.

72 If our goal was to perform a complete calculation, we would also need diagrams of the form
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,

which is both UV and IR divergent. The UV divergence yields corrections to the scalar propagator.

The IR divergence is more subtle. For example, one choice of cuts gives what looks like an additional

contribution to the extra emission diagram, but this is spurious and can be understood in terms of

subtleties with defining LSZ reduction in a theory with massless charged external states. The resolution

in this case is to define “dressed states” and the IR divergences are removed at the LSZ step, as discussed
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With this insight into the IR divergence structure of our diagrammatic expansion, it is

straightforward to intuit what physical situations will yield functions of potentially large IR

logarithms. So far, we have been discussing the fully inclusive situation, where one should

integrate over the full three-body final state phase space. Then the IR logarithms that are

associated with the divergences we have been discussing will cancel completely between the

virtual and real emission contributions. However, when performing a measurement, one is

free to make kinematic restrictions on the final state. For example, if one were to perform a

set of cuts on the decay products of Φ such that any event with more than two particles was

discarded, the logarithmic contribution from the real emission process would be eliminated

(of course one must still include the full set of diagrams when calculating in order to yield an

IR finite observable). We conclude that our prediction could depend on a physical Sudakov

log whose argument is a function of the cut parameter. This is exactly the physical picture

one should keep in mind as we study the summation of the Sudakov double logarithms.

But first, we will explore the origin of these loop and tree divergences to help clarify their

physical origin.

Soft and Collinear Divergences at Tree Level

First we will analyze the real emission diagram73 for both the soft and collinear limits.

The Feynman diagram yields

iANLO
Tree =

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p2
<latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit>

p̄
<latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit>

= −ia b 1

(p1 + p2)2
= −ia b 1

2 p1 · p2

= −ia b 1

M xn · p2

, (4.26)

where we are using a notation that distinguishes p collinear momenta from p̄ anti-collinear

momenta (noting that either can then be taken to be soft as this limit is independent of

direction). In the last step, we pointed p1 parallel to n, specifically pµ1 = (M/2)xnµ, where

x is the momentum fraction carried by p1. Then taking p2 soft is the limit x → 1, while

taking collinear means taking p2 ∼ (1 − x) for x 6= 0 and x 6= 1. Then we can assume a

in e.g. [115] Ch. 13. One can avoid all of these subtleties by regulating the IR with a mass at intermediate

steps.
73 It is worth noting that one should be cautious when analyzing individual diagrams since spurious

divergences can cancel when considering full amplitudes. For example, one can move divergences among

different diagrams with gauge choices, see e.g. [116].
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scaling for p2 that allows us to take either the collinear or the ultrasoft limit:74

ultrasoft: p2 ∼
M

2

(
λ2, λ2, λ2

)

collinear: p2 ∼ (1− x)
M

2

(
λ2, 1, λ

)
, (4.27)

where we interpret the ultrasoft scaling as homogeneously sending the momentum to zero,

while the collinear scaling is chosen so that it approaches the n direction as λ → 0, such

that its virtuality is p2 ∼ λ2 for λ 6= 0, x 6= 0, and x 6= 1. The point is to approach the

singularities so that the virtuality of the mode is always parametrically smaller than the

power counting parameter, while also ensuring that the massless mode can go on-shell. This

ensures that one can write down a propagating mode that captures the relevant singular

behavior. A similar story holds for the soft limit, in that its homogenous scaling allows it

to go on-shell.

These scalings set the foundation for what follows. Since the collinear scaling might

appear strange at first, it is worth unpacking the physics. Begin with p pointing exactly

in the n direction: p ∼ (0, 1, 0). We wish to take p just slightly off-shell using our power

counting parameter. If we deform it first in the perp direction, we would have p ∼ (0, 1, λ).

Then using the form for p2 in light-cone coordinates, Eq. (4.6), we should scale n̄ · p ∼ λ2

such that p ∼
(
λ2, 1, λ

)
can go on-shell. Another way to derive this scaling is to take a

particle with virtuality λ2 in its rest-frame so that p ∼ (λ, λ, λ), and then to boost it in the

−ẑ direction by an amount β ∼ 1/λ, which shifts n̄ · p → β n̄ · p and n · p → n · p/β and

leaves the ⊥ component unchanged. This again yields the collinear scaling in Eq. (4.27).

Going back to the amplitude in Eq. (4.26), we can take the two limits to find

iA
∣∣∣
p2→ collinear

∼ 1

λ2
iA
∣∣∣
p2→ultrasoft

∼ 1

λ2
. (4.28)

We see that there are divergences in either of these limits as we take the virtuality of the

second scalar to zero, i.e., λ2 → 0.

Soft and Collinear Divergences at Loop Level

Now that we have understood the tree-level divergence structure due to the additional

emissions that are generated at NLO, we turn to an analysis of the divergence structure of

74 Since this scaling is usually referred to as ultrasoft, we will use the same terminology here.
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the one-loop diagram

iANLO
Loop =

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>
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= a2 b

∫
d4`

(2π)4

1

`2

1

(`+ p)2

1

(`+ p̄)2
= a2 b I , (4.29)

where again we are using a notation that distinguishes p collinear momenta from p̄ anti-

collinear momenta, and we are assuming that p flows out of the diagram while p̄ flows in to

simplify the signs appearing in the loop integral.

First we note that this diagram is UV finite, since in the limit that ` → ∞, it reduces

to
∫

d` `3/
(
`2 `2 `2

)
which converges in the UV. However, as discussed above, we expect this

diagram to exhibit both ultrasoft and collinear IR divergences, as defined by Eq. (4.27) in

the limit that λ→ 0.

We will refer to the diagram in Eq. (4.29) as the massless Sudakov integral, and while we

will solve it below in Sec. 4 A in a different kinematic configuration to leading power with p

and p̄ taken slightly off-shell to regulate the IR divergences. Our goal here is to explore the

IR divergence structure when p2 = p̄2 = 0:

pµ =
M

2
nµ =

(
0,M,~0

)
p̄µ = −M

2
n̄µ =

(
−M, 0,~0

)
. (4.30)

It is straightforward to take the ultrasoft limit for the loop momentum:

lim
λ→0

d4`
1

`2

1

(`+ p)2

1

(`+ p̄)2
∼
(
λ6 dλ2

) 1

λ4

1

λ2 n̄ · p
1

λ2 n · p̄ ∼
dλ2

λ2
, (4.31)

where in the second step we have Wick rotated, rescaled |`| = λ2M , and dropped the

angular dependence and any overall factors. This demonstrates the presence of the expected

log divergence in the soft limit.

Next, we can take the collinear limit. This will prove to be more involved. The reason is

that collinear divergences are inherently Lorentzian, since there is no notion of collinear null

directions in Euclidean space. Furthermore, there is the subtlety that a zero energy collinear

particle is also soft, and as such one must be careful to ensure that one has actually isolated

the collinear limit of the integral. Another concern is that apparent divergences could

actually integrate to zero, which will be true for some ranges of the integration parameters

as we will show below. This implies that we can not simply Wick rotate and take a limit

as we did in the soft case, but must instead carefully manipulate the Minkowski integral to

explore the collinear singularity.75

75 This was first systematically understood by reframing the question of what divergences emerge in the
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We begin by aligning ` with p:

` =
(
n · `, −xM, `⊥

)
, (4.32)

where x tracks the fraction of ` that points in the p direction, and the sign on x is chosen

for later convenience. Note that we are looking for the behavior when x 6= 0 to be sure

that this is a collinear divergence. We will revisit this issue of overlapping soft and collinear

divergences in Primer F below. Then our three denominator factors are

`2 = −M (n · `)x+ `2
⊥

(
`+ p

)2
= `2 +M (n · `) = M(n · `)(1− x) + `2

⊥
(
`+ p̄

)2
= `2 +M2 x 'M2 x . (4.33)

In the last line, the approximation we are taking holds in the collinear limit, where `2 → 0

for fixed x. Our integration measure is then given by:

d4` = d
(
n · `

)
d
(
n̄ · `

)
d2`⊥ = −M dx d

(
n · `

)
dφ `⊥ d`⊥ , (4.34)

where `⊥ = |`⊥| in the last expression and dφ is the angular part of d2`⊥. Then the integral

reduces to

I ' 1

(2π)4

1

M

∫ 2π

0

dφ

∫ ∞

−∞
dx

1

x

∫ ∞

0

`⊥ d`⊥

∫ ∞

−∞
d(n · `)

× 1

M (n · `)x− `2
⊥ − i0

1

M n · ` (1− x) + `2
⊥ + i0

, (4.35)

where we have restored the +i0 factors in the denominators so that we can do a contour

integral over n · `. Also, note that the critical flipped sign on i0 in the first denominator is

due to multiplying through by a minus sign.

We are now situated to analyze the analytic structure of the d(n · `) integral, which will

be used to evaluate it by contour integration. There are poles in n · ` at

(n · `)pole =
`2
⊥ + i0

M x
(n · `)pole =

−`2
⊥ − i0

M (1− x)
. (4.36)

Notice that integrand vanishes for n · ` → ±∞, implying that the contour at infinity does

not contribute. Then we find qualitatively different behavior in the complex plane as one

massless limit into the task of finding “pinch-singularity surfaces” in [117, 118] using the Landau criterion

following [119], see e.g. [114, 120] for introductory discussions.
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varies x:

x < 0
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return I = 0. When x > 1, both poles are above the real axis, and we can close the contour

below to again yield I = 0. However, in the range 0 < x < 1 the poles are on opposite sides

of the real axis; either contour will imply I 6= 0. For concreteness, we choose to evaluate

the integral using the contour above the real axis, letting z = M (n · `)x
∮

upper

1

x
dz

1

z − `2
⊥ − i0

1

z (1− x)/x+ `2
⊥ + i0

= 2πi
1

`2
⊥

[
0 < x < 1

]
, (4.37)

where we have sent i0→ 0 at the end.76

We are finally primed to see the collinear divergence. Taking x 6= 0 and integrating

Eq. (4.37) over the `⊥ direction, we find

I ∼
∫ ∞

0

d`⊥
`⊥
`2
⊥
, (4.38)

which is a scaleless integral that has both a UV and an IR divergence – the lower bound of

this integral yields the collinear divergence we have been working to expose. As mentioned

before, we assumed x 6= 0 to ensure that we are not simply accidentally just rediscovering

the soft divergence.

Now we can put the pieces together (where the limits of integration on x reflect the results

of our contour analysis) to find

I ' i

16π2

1

M2

∫ 1

0

dx
1

x

∫ ∞

0

d`⊥
1

`⊥
, (4.39)

where we emphasize that in deriving this result we expanded the propagator in the collinear

limit, see Eq. (4.33). We see there is in fact a double IR log divergence when both `⊥ → 0

and x → 0, which we interpret as the collinear and soft divergences respectively. This also

76 For an analysis of the analytic structure of Feynman diagrams, and especially for the intuitive classical

picture of how to interpret the physical region of the integral for the charged pion electromagnetic form

factor, see Ch. 18.6 and 18.7 of [121].



91

tells us that our collinear analysis recovered the soft divergence, which is not surprising since

it should be possible to take the energy of a collinear state to zero, thereby making it soft.

This double counting is a generic feature of these kinds of calculations, and will be revisited

in Primer F, where we discuss the idea of zero-bin subtraction. But first, we turn to the

next section where we perform a regions analysis to discover the regions that contribute to

the massless Sudakov integral, and then use the resulting expanded integrands to evaluate

the Sudakov integral in the leading power approximation.

A. Method of Regions for a Massless Sudakov Integral77

In this section, we will study the massless Sudakov integral

iANLO
Loop =

�
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�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

= a2 b

∫
d4`

(2π)4

1

`2

1

(`+ p)2

1

(`+ p̄)2
= a2 b I , (4.40)

now with the final state legs taken slightly off-shell, p2 6= p̄2 6= 0, such that the IR divergences

are explicitly regulated. We will also work a different kinematic regime than in the previous

discussion. Here we take p2 < 0 and p̄2 < 0, which can be thought of as a toy model for deep

inelastic scattering, i.e., the Φ line is in the t-channel. For context, one can think of this as

a toy model for jets, where p2 is measuring the mass of the final state jet.78 Then large logs

appear because we are restricting our final state to only contain a pair of two small mass

jets, which essentially cuts away the contribution from the real emission diagrams.

The integral in Eq. (4.40) is difficult to evaluate, as it depends on multiple scales M2,

p2, and p̄2. However, since we are interested in the parameter space where both external

momenta are parametrically small, p2/M2 ∼ λ2 � 1 and p̄2/M2 ∼ λ2 � 1, we can utilize

the method of regions to expand the integral into a set of single scale integrals that are

straightforward to compute. We will use this procedure to explicitly derive a Sudakov

double log that is only a function of physical scales. First we will argue for the scalings that

capture all of the non-zero regions, and then we will state the integrated result [122]. For

77 I am grateful to Michael Peskin for feedback and corrections in Sec. 4 A through Sec. 4 B.
78 Note that one perhaps confusing aspect of working with this example is that the choice of kinematics

which yields real amplitudes has p2 < 0, see Eq. (4.42). This can be understood by recalling that since

the φ states are massless, there are always imaginary contributions from the loops since these particles

can go on-shell. If one is interested in computing the kinematics appropriate for Φ decay, then they can

analytically continue the results we will derive here by being careful about the location of the poles as

one takes −p2 → p2.
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transparency, we will then provide our own detailed calculation of the collinear integral –

the pedagogical evaluation of all four integrals is provided in Appendix B of [122].

Allowing the final state momenta to be slightly away from the (anti-)collinear direction

with virtuality p2 ∼ λ2 and p̄2 ∼ λ2 implies

p ∼
(
λ2, 1, λ

)
p̄ ∼

(
1, λ2, λ

)
. (4.41)

We will focus on the kinematics in a physical region where

P 2 = −p2 ∼ λ2 P̄ 2 = −p̄2 ∼ λ2 M2 = −(p− p̄)2 ∼ 1 . (4.42)

In order to expand the integral using the method of regions, we will need to identify all the

possible scalings of ` that yield an O(1) contribution to I. Consider the following

[
hard

]
h : `h ∼

(
1, 1, 1

)

[
collinear

]
c : `c ∼

(
λ2, 1, λ

)

[
anti-collinear

]
c : `c̄ ∼

(
1, λ2, λ

)

[
ultrasoft

]
us : `us∼

(
λ2, λ2, λ2

)
. (4.43)

Note that the measure scales as d4` ∼ `4, such that

d4`h ∼ 1 d4`c ∼ λ4 d4`us ∼ λ8 . (4.44)

Next, we check that these scalings contribute at O(1) in terms of the power counting

parameter λ. Take the full integral in Eq. (4.40), and expand each denominator keeping

the leading terms according to the power counting in Eq. (4.43). Explicitly in the collinear

case, the denominators are expanded as

`2 = `2
c ∼ λ2 (`+ p)2 = (`c + p)2 ∼ λ2 (`+ p̄)2 ' n̄ · `c n · p̄ ∼ 1 . (4.45)

Following the same logic for all four regions yields

h : I −→ Ih =

∫
d4`h
(2π)4

1

`2
h

1

`2
h + n̄ · `h n · p

1

`2
h + n · `h n̄ · p̄

∼ O(1)

c : I −→ Ic =

∫
d4`c

(2π)4

1

`2
c

1

(`c + p)2

1

n̄ · `c n · p̄
∼ O(1)

c̄ : I −→ Ic̄ =

∫
d4`c̄

(2π)4

1

`2
c̄

1

n · `c̄ n̄ · p
1

(`c̄ + p̄)2
∼ O(1)

us : I −→ Ius =

∫
d4`us
(2π)4

1

`2
us

1

n · `us n̄ · p+ p2

1

n̄ · `us n · p̄+ p̄2
∼ O(1) . (4.46)
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• Exercise: There is one additional scaling that yields an O(1) contribution, specifically

the Glauber region where `G ∼M
(
λ2, λ2, λ

)
. First derive the integral that results from

this region. Show by explicit calculation that it vanishes. Then convince yourself that

any scaling of the form `µ ∼ M
(
λa, λb, λc

)
for a, b, c that are different from Eq. (4.43)

yields vanishing scaleless integrals. This had to be the case as discussed in Sec. 2.2

of [123].

These integrals are straightforward to evaluate [122]:79

Ih = − i

16π2

1

M2

(
1

ε2
+

1

ε
log

µ2

M2
+

1

2
log2 µ2

M2
− π2

6
+O

(
λ2
))

Ic = − i

16π2

1

M2

(
− 1

ε2
− 1

ε
log

µ2

P 2
− 1

2
log2 µ

2

P 2
+
π2

6
+O

(
λ2
))

Ic̄ = − i

16π2

1

M2

(
− 1

ε2
− 1

ε
log

µ2

P̄ 2
− 1

2
log2 µ

2

P̄ 2
+
π2

6
+O

(
λ2
))

Ius = − i

16π2

1

M2

(
1

ε2
+

1

ε
log

µ2M2

P 2 P̄ 2
+

1

2
log2 µ

2M2

P 2 P̄ 2
+
π2

6
+O

(
λ2
))

, (4.47)

where the factor of γE − log 4 π has been absorbed into the renormalization parameter µ2

as per the MS scheme. These integrals all have 1/ε2 (double log), and 1/ε (single log)

divergences. The scales that appear inside each of the logs for the integrated results reflect

their origin: the hard logs are a function of µ2/M2, the collinear logs depend on µ2/P 2 ∼
µ2/
(
M2 λ2

)
, the anti-collinear logs depend on µ2/P̄ 2 ∼ µ2/

(
M2 λ2

)
, and the ultrasoft logs

are a function of µ2M2/
(
P 2 P̄ 2

)
∼ µ2/

(
M2 λ4

)
. So power counting has provided us with a

tool to reduce our complicated multi-scale integral into four pieces that are each functions

of their own single characteristic scale. We will see that the EFT approach will provide

a systematic way to introduce multiple renormalization scales, such that no large logs will

remain.80

To achieve our final result, we can sum the integrals for each of the four regions to yield

the power expanded integrated result

I = Ih + Ic + Ic̄ + Ius +O
(
λ2
)

= − i

16π2

1

M2

(
log

M2

P 2
log

M2

P̄ 2
+
π2

3

)
+O

(
λ2
)
. (4.48)

79 Disclaimer: From here forward, we will no longer track the difference between µ and µ̃.
80 It is worth emphasizing that there is a long history of summing IR logarithms pioneered by [124, 125].

These calculations rely on RG scale invariance and gauge invariance to derive their RG improved

predictions.
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As expected, no ε dependence remains: this original integral is UV finite, and we have

regulated the IR divergences with P 2 6= 0 and P̄ 2 6= 0. This implies that no explicit factors

of µ2 appear. Moreover, all the log squared terms from the individual integrals combine

through what seems like a magical conspiracy into the Sudakov double log [108], whose

physical origin can be traced to the soft and collinear divergences discussed in Primer E

above. While this kind of log reshuffling can typically be done in one’s head when working

with single logs, it is significantly less trivial to see how everything combines for double logs.

• Exercise: Show that

1

2

(
log2 µ2

M2
− log2 µ

2

P 2
− log2 µ

2

P̄ 2
+ log2 µ

2M2

P 2 P̄ 2

)
= log

M2

P 2
log

M2

P̄ 2
, (4.49)

being careful to track the (obvious) complicating fact:

log2 µ2

M2
= log2 µ2 + log2M2 − 2 log µ2 logM2 , (4.50)

with similar expressions for the other double logs.

The result in Eq. (4.48) exhibits a double log as a function of a ratio of physical scales,

that can become large in the limit that λ � 1. In particular, if we want to compute the

NLO matrix element squared

∣∣ANLO

∣∣2 =
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�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

∣∣∣∣∣∣

2

+ 2 Re




�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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† 
 ' b2 − b2

4π2

a2

M2
log2 M

2

P 2
, (4.51)

where we have used that the leading order diagram gives −ib to derive the relative sign

between the tree and one-loop contributions here, we have set P 2 = P̄ 2 and have not

included the finite fixed-order terms for brevity. Note that for M2 � P 2, the second term

can overwhelm the first, and our NLO matrix element squared can become negative! This

signals a complete breakdown of perturbation theory. Note that as opposed to the situation

with only UV logs, where the breakdown of perturbation theory was associated with the

presence of a Landau pole (see Eq. (3.64)), here all couplings are perturbative. Fortunately,

these potentially catastrophic large IR logs can be summed using the EFT approach, and

doing so will result in a manifestly positive LL + NLO amplitude squared. In this sense,

the RG takes a failed expansion and restores the efficacy of perturbative theory.

Our goal in what follows will be to peel apart the log squared derived in Eq. (4.48) using

matching and running. This will introduce scale dependence such that we can apply RG

techniques. Separating the non-divergent integral into divergent sub-pieces is a key aspect

of the EFT trick for separating scales. As we will see in Sec. 5 below, the soft, collinear,
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and anti-collinear regions will each be associated with an independent propagating degree

of freedom. These modes make up SCET, with a corresponding set of Feynman rules and

power counting structure that reproduces the individual integrals in Eq. (4.46), and whose

RGEs sum the large Sudakov double log. Before we move into developing SCET, we will

first provide a detailed evaluation of the collinear integral, Ic in Eq. (4.46) above, and then

will explore the physics of the massive Sudakov log.

Evaluating the Collinear Sudakov Integral

For the sake of demystifying the results in the previous section, we will show how to

evaluate the Ic integral in Eq. (4.46) explicitly, following Appendix B.2 of [122]. The first

step is to combine denominators using Eq. (3.24):

1

Ab1 b2

=

∫ ∞

0

dy1

∫ ∞

0

dy2
2

[
A+ b1 y1 + b2 y2

]3 . (4.52)

Then taking A = `2, b1 = (`+ p)2, and b2 = n̄ · ` n · p̄, we have

Ic = 2µ2ε

∫ ∞

0

dy1

∫ ∞

0

dy2

∫
dd`

(2π)d
1

[(
1 + y1

) (
`2 + `µ · 2 y1 pµ+y2 n·p̄ n̄µ

1+y1
+ y1

1+y1
p2
) ]3 . (4.53)

Defining

˜̀= `µ +
y1 p

µ + 1
2
y2 n · p̄ n̄µ

1 + y1

, (4.54)

we can replace `→ ˜̀ to yield

Ic = 2µ2ε

∫ ∞

0

dy1
1

(
1 + y1

)3

∫ ∞

0

dy2

∫
dd ˜̀

(2π)d
1

[
˜̀2 −

(
y1 pµ+ 1

2
y2 n·p̄ n̄µ

1+y1

)2

+ y1

1+y1
p2

]3 , (4.55)
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with d = 4 − 2ε. Next, we integrate over ˜̀ using the general result for dim reg given

in Eq. (3.17):

Ic = 2µ2ε

∫ ∞

0

dy1
1

(
1 + y1

)3

∫ ∞

0

dy2
(−1)3i

(4π)2−ε
Γ(1 + ε)

Γ(3)

×
(
y2

1 p
2 + y1 y2 n̄ · p n · p̄(

1 + y1

)2 − y1

1 + y1

p2

)−1−ε

=
−iµ2ε

(4π)2−ε Γ(1 + ε)

∫ ∞

0

dy1
y−1−ε

1(
1 + y1

)1−2ε

∫ ∞

0

dy2

(
P 2 + y2 n̄ · p n · p̄

)−1−ε

=
−iµ2ε

(4π)2−ε
Γ(1 + ε)

ε

P−2ε

n̄ · p n · p̄

∫ ∞

0

dy1
y−1−ε

1(
1 + y1

)1−2ε

=
−i

(4π)2−ε

(
µ2

P 2

)ε
1

n̄ · p n · p̄
Γ(1 + ε)

ε

Γ(1− ε)Γ(−ε)
Γ(1− 2 ε)

=
−i

(4π)2−ε
1

M2

(
µ2

P 2

)ε
Γ(1 + ε)Γ(−ε)2

Γ(1− 2 ε)
, (4.56)

where in the last line, we used that to leading power n̄ · p = −n · p̄ = M . When this result

is expanded in ε, it yields the result given in Eq. (4.47). Notice at an intermediate step, we

replaced p2 = −P 2 to keep our expressions real for simplicity.

Next, we will provide a Primer to discuss a technique known as zero-bin subtraction,

which is required to ensure that collinear integrals do not receive a contribution from the

soft region.

Primer F. Overlapping Regions and Zero-Bin Subtraction

Recall that when we exposed the collinear divergence of the Sudakov integral in Primer E

above, we introduced a momentum fraction parameter x and required that it be non-zero to

ensure that we were not simply re-discovering the soft divergence in a complicated way. This

notion of double counting the soft divergence in the limit x→ 0 of the collinear integral is a

subtlety to be wary of when expanding integrals using the method of regions or constructing

them directly within an EFT.

The point is that an EFT is built out of modes with particular momentum scalings.

However, diagrams generically involve loops of these modes and we integrate over all possible

momenta, which violates the fundamental power counting rules of our setup. The reason

this approach is not dead on arrival is that essentially all of these contributions are scaleless
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so that dim reg sends them to zero. This is how dim reg does not introduce contributions to

an integrated result with spurious power counting. However, one can encounter a “zero-bin”

if there are non-trivial contributions that scale differently than the power counting assumed

when separating the integrand. In other words, if there are additional scaleful structures

in the IR of a (regulated) integral, these zero-bin contributions should be subtracted from

the result to avoid double counting regions by accident.81 Managing zero-bins can also be

accomplished through a clever choice of regulator that treats the regions differently, as we

will see explicitly in this section.

First we revisit the calculation of the massless Sudakov form factor in the previous section

to explain why we did not discuss the zero-bin then. An approach to identifying if there are

overlapping regions is to take the collinear integrand and re-expand it assuming the scalings

of other modes that contribute at the desired order in power counting. Inspecting Eq. (4.46),

the p̄2
(
p2
)

dependence from the collinear (anti-collinear) denominators has been expanded

away; the ultrasoft integral includes a factor of
[
(n · `us n̄ · p+ p2) (n̄ · `us n · p̄+ p̄2)

]−1
, which

is not recoverable from either collinear integral. We could also re-expand assuming a soft

scaling, and would find only scaleless contributions. Therefore, we could simply evaluate

the integrals to derive the correct answer. However, we emphasize that the soft region is

always there, and one must keep track of it to ensure that it only contributes to the final

result once.

There is a physical way to understanding why no overlap issues arose in the massless

Sudakov case. The regions analysis we performed identified that the IR physics could be

captured by collinear regions with virtuality ∼ λ2 and an ultrasoft region with virtuality

∼ λ4. These regions are separated by virtuality, and as such they do not overlap (although

we caution that one should take care when applying this type of argument generically).

By taking p2 6= 0 and p̄2 6= 0 we ensured that this physical distinction was present in the

integrands. However, as we will see in the next section, the massive Sudakov integral does

not have an ultrasoft contribution. It instead requires the inclusion of a soft region, which

scales as `s ∼ (λ, λ, λ), such that `2
s ∼ λ2. Furthermore, we will evaluate the massive Sudakov

integral with p2 = p̄2 = 0, so we will find non-trivial overlaps that must be addressed.

A nice way to capture this effect visually is to sketch the hyperboloids traced by these

81 Furthermore, if one were careful to interpret the source of this zero-bin contribution by keeping track of

1/εUV versus 1/εIR, they would realize that it is in fact due to an IR divergence and as such does not

make sense to treat it as a UV contribution to an anomalous dimension.
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regions in the n · ` versus n̄ · ` plane [126]:
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On the left, we have illustrated the regions that contribute to the massless Sudakov case,

the relevant EFT is known as SCETI, while the right figure describes the regions for the

massive Sudakov integral, which yields SCETII. The curves show the variation in rapidity

along contours of constant virtuality, and the blue dots show the location of the regions that

generate our logarithmic divergences. The left diagram clearly demonstrates that virtuality

does distinguish collinear from ultrasoft. However, the right diagram illustrates that one

can use a Lorentz boost to move from collinear to soft. This implies that they overlap in

virtuality. In order to properly separate them, we will need to introduce some additional

rapidity dependence into our integrals that comes in the form of a new regulator.

We can see this effect appear mathematically, by noting that the collinear integrand

derived in the next section for the massive Sudakov form factor Eq. (4.64) now includes the

soft integrand. Taking the soft scaling and re-expanding such that `2
c → 0 so that `c → `s:

1

`2
c + n · `c n̄ · p

1

n̄ · `c n · p̄
⊃ 1

n · `s n̄ · p
1

n̄ · `s n · p̄
. (4.57)

Removing this soft contribution from the collinear integral is known as zero-bin

subtraction. We define the “zero-bin” of the collinear integral as the limit of the denominator

of the collinear integrand that reproduces the soft integrand, as in Eq. (4.57) above:

Ic −→ Ic,0 = Is , (4.58)

where Ic,0 is the collinear zero-bin, which is equal to the soft integral in the simplest

implementation of zero-bin subtraction.82 Then to implement the zero-bin subtraction

82 Note that in general the soft region of the collinear integrand does not have to precisely yield the soft

integral, since at there can be differences at the integrand level due to the choice of regulator, from

including (and subsequently expanding) a “measurement function” (briefly mentioned in Sec. 6 F below),

and so on. We will encounter this explicitly in the next section where we use a regulator that treats soft
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procedure, one simply removes this double counted piece by hand [126]

I = Ih +
(
Ic − Ic,0

)
+
(
Ic̄ − Ic̄,0

)
+ Is = Ih + Ic + Ic̄ − Is , (4.59)

where the last step is only appropriate when Eq. (4.58) holds.

If possible, it is convenient to chooses a regulator so that the soft limit of the collinear

integrand vanishes, implying that zero-bin subtraction becomes trivial. This is the approach

taken in [122] when they evaluate the massive Sudakov integral. We will instead take

a different approach in the next section, where we will use a rapidity regulator that

treats collinear and soft differently and has the added benefit that it yields a rapidity RG

interpretation [127, 128].

B. Method of Regions for a Massive Sudakov Integral

Before we introduce the framework of SCET, it is worth working out the regions and

subsequent leading power result for another process that exhibits a Sudakov double log.

The toy model for this example will require the presence of an additional real scalar state,

χ, whose mass power counts83 as m2
χ ∼ λ2, so that the χ particle is a propagating mode at

energies far below the scale M . The interacting Lagrangian is

LFull
Int ⊃

1

2
bΦφ2 +

1

2
bχ χφ

2 . (4.60)

Again, we are interested in a process where Φ → φφ with no extra emissions and taking

the same deep inelastic scattering-like kinematic configuration as in the massless Sudakov

calculation, such that the relevant diagram is
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p2
<latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit>

p̄
<latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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∫
d4`

(2π)4

1

`2 −m2
χ

1

(`+ p)2

1

(`+ p̄)2
= b2 bχ Iχ . (4.61)

Next, we can perform a regions analysis of this integral, which will expose the differences

with the massless Sudakov case above. Note that we are taking the same momentum routing

as above in Eq. (4.41): the collinear momentum p is outgoing while the anti-collinear

and collinear sectors differently.
83 Note that if we had instead been working in a parameter space where m2

χ ∼ 1, then this integral would

be power suppressed, i.e., χ would be non-propagating at these low scales of interest. If we had taken

m2
χ ∼ λ4 or smaller, then the mass would play no important role, i.e., we would just re-derive the massless

Sudakov example.
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momentum p̄ is incoming. However, here we will take the external lines to be on-shell

p2 = p̄2 = 0, since having m2
χ 6= 0 already ensures that this Full Theory integral is IR

finite.

• Exercise: Following the same logic that led to Eq. (4.31) and Eq. (4.35), where we

demonstrated that the massless Sudakov integral diverges in both the soft and collinear

limits, show that m2
χ 6= 0 regulates the analogous divergences for the massive Sudakov

integral. Since Iχ is both UV and IR finite, it can be evaluated directly without the

need to regulate. Derive that

Iχ = − i

16π2

1

M2

[
1

2
log2 M

2

m2
χ

+
π2

6
+ Li2

(
1− m2

χ

Q2

)]

= − i

16π2

1

M2

[
1

2
log2 M

2

m2
χ

+
π2

3
+O

(
λ2
)]
. (4.62)

We consider the following regions:

[
hard

]
h : `h ∼

(
1, 1, 1

)

[
collinear

]
c : `c ∼

(
λ2, 1, λ

)

[
anti-collinear

]
c̄ : `c̄ ∼

(
1, λ2, λ

)

[
soft
]

s : `s ∼
(
λ, λ, λ

)
. (4.63)

As before, we can check that these regions contribute at O(1). Expanding Eq. (4.61),

assuming the appropriate scalings for each of the relevant loop momenta, yields four

integrals:

h : Iχ −→ Iχh =

∫
d4`h
(2π)4

1

`2
h

1

`2
h + n · `h n̄ · p

1

`2
h + n̄ · `h n · p̄

∼ O(1)

c : Iχ −→ Iχc =

∫
d4`c

(2π)4

1

`2
c −m2

χ

1

`2
c + n · `c n̄ · p

1

n̄ · `c n · p̄
∼ O(1)

c̄ : Iχ −→ Iχc̄ =

∫
d4`c̄

(2π)4

1

`2
c̄ −m2

χ

1

n · `c̄ n̄ · p
1

`2
c̄ + n · `c̄ n̄ · p̄

∼ O(1)

s : Iχ −→ Iχs =

∫
d4`s

(2π)4

1

`2
s −m2

χ

1

n · `s n̄ · p
1

n̄ · `s n · p̄
∼ O(1) . (4.64)

As promised, the soft region contributes at leading power.

Since it contributed for the massless Sudakov case, it is worthwhile to check what happens
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for the ultrasoft scaling `us ∼
(
λ2, λ2, λ2

)
:

us : Iχ −→ Iχus =

∫
d4`us
(2π)4

−1

m2
χ

1

n · `us n̄ · p
1

n̄ · `us n · p̄
∼ O

(
λ2
)
, (4.65)

where we have used that m2
χ ∼ λ2. This demonstrates that the ultrasoft region makes a

sub-leading power contribution (and in fact, this integral can be shown to be zero, see [122]).

Before we get to the solution and interpretation of these integrals, there are a few

interesting features that are worth highlighting. Naively, one might have thought that the

soft and collinear limits would be universal, especially given the similarity between Eq. (4.40)

and Eq. (4.61). However, we have now shown that the IR of the massive Sudakov integral

has a different regions expansion when compared to the massless Sudakov integral. This

will imply that the EFT one must use to separate scales and sum depends on the observable!

As mentioned in Primer F, the most common versions of SCET are known as SCETI and

SCETII. However, when sufficiently complicated situations are encountered, the reader is

cautioned that modes beyond the (anti-)collinear, soft, and/or ultrasoft could be required,

see Sec. 6 F below which includes a list of possibilities. This justifies why have been pedantic

about specifying a process when matching throughout these lectures: when working out a

new example, one cannot blindly assume the same IR description holds for any observable,

and instead must be careful to ensure that the correct EFT is being utilized that captures

the full richness of the IR.

Next, we recall from Primer F on zero-bin subtraction that this issue was a concern for

the massive Sudakov integral. In particular, we have a physical process for which collinear,

anti-collinear, and soft all contribute, and all three of these modes have the same virtuality.

We must therefore be careful to account for overlapping regions so that we avoid double

counting when evaluating the integrals. To find the zero-bin of the collinear integral, we

must re-expand it now assuming soft scaling for its momentum `c,0 ∼ (λ, λ, λ), implying

`2
c,0 ∼ λ2 such that n̄ · `c,0 n · p ∼ λ. The collinear zero-bin integral is then

Iχc,0 =

∫
d4`c,0
(2π)4

1

`2
c,0 −m2

χ

1

n · `c,0 n̄ · p
1

n̄ · `c,0 n · p̄
= Iχs , (4.66)

where in the last equality we have made the identification with the soft integral from

Eq. (4.64) above.

In order to understand the properties of this soft integral in more detail, we can integrate

over `⊥ using dim reg [127, 128]

Iχs ∼
∫ (

dn · `s
)(

dn̄ · `s
)(
n · `s n̄ · `s −m2

χ

)−2ε 1

n · `s + i0

1

n̄ · `s + i0
. (4.67)

This partially integrated result exposes two features. First, the integral only receives a non-



102

trivial contribution for regions where n · ` n̄ · ` ∼ m2
χ; otherwise the integral is scaleless and

hence vanishes. Second, there are spurious divergences that are not regulated by dim reg

when either n · ` → 0 or n̄ · ` → 0. These two divergences correspond to where the soft

integral overlaps with the collinear or anti-collinear regions. This implies that we need an

additional regulator beyond dim reg, namely a rapidity regulator, to extract the physical

prediction of the massive Sudakov process.

We now turn to the explicit evaluation of the integrals in Eq. (4.64). As we have already

emphasized, we must be careful not to double count the soft region. A related issue is that

we need to regulate the associated rapidity divergences discussed below Eq. (4.67). To this

end, we will use the rapidity regulator introduced in [127, 128]:

Iχ = µ2ε

∫
dd`

(2π)d
|2 `3|−η
ν−η

1

`2 −m2
χ

1

(`+ p)2

1

(`+ p̄)2
, (4.68)

where `3 = (n · ` − n̄ · `)/2 is the z-component of the loop momentum, η is the rapidity

regulator parameter (analogous to ε in dim reg), and ν is a dimensionful parameter that

must be introduced to absorb the change in mass dimension of the integrals (analogous to

µ in dim reg).

Expanding this regulated form in the various regions, we find:84

h : Iχ −→ Iχh =

∫
dd`

(2π)d
1

`2
h + n · `h n̄ · p

1

`2
h + n̄ · `h n · p̄

c : Iχ −→ Iχc =

∫
dd`

(2π)d
|n̄ · `|−η
ν−η

1

`2 −m2
χ

1

`2 + n · ` n̄ · p
1

n̄ · ` n · p̄

c̄ : Iχ −→ Iχc̄ =

∫
dd`

(2π)d
|n · `|−η
ν−η

1

`2 −m2
χ

1

n · ` n̄ · p
1

`2 + n̄ · ` n · p̄

s : Iχ −→ Iχs =

∫
dd`

(2π)d
|2 `3|−η
ν−η

1

`2 −m2
χ

1

n · ` n̄ · p
1

n̄ · ` n · p̄ , (4.69)

where we have set ν = 0 for the hard integral since this integral is fully regulated by dim

reg. The soft and collinear integrals will diverge in both the ε → 0 and η → 0 limits, but

it is critical that the order of limits be taken so that η/εn → 0 for all n > 0, i.e. take the

limit η → 0 first. This will ensure that the soft and collinear limits are taken along the same

mass hyperbola as they are separated in rapidity by the presence of η 6= 0.

84 This same integral was analyzed in [122], where they instead used a so-called “analytic regulator” [129–

131]. The essential idea of their approach is to pick one of the internal propagators and to deform it in all

the relevant diagrams by changing its exponent slightly, e.g. (` − p)−2 → (` − p)−2(1+α). This approach

yields Is = 0, thereby avoiding the zero-bin subtraction issues in a different way.
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For the (anti-)collinear integral, the rapidity regulator effectively acts as a slight

deformation of the exponent for the propagator factor n̄ · ` (n · `). From the partially

integrated form of the collinear zero-bin in Eq. (4.67), we see that this deformation eliminates

the simple pole at n̄ · `; the modified anti-collinear integrand in the soft limit does not have

a simple pole at n · `. This implies that one can choose a contour that does not enclose any

poles for the soft limit of these integrands; this is how the regulator eliminates the zero-bin.

Similarly, the regulator for the soft integral has the right form to eliminate the divergences

that appear in the collinear/anti-collinear limits of this integrand.

The integrals in Eq. (4.69) can be evaluated through the judicious application of contour

integration. For the collinear integral, one can first evaluate the integral over n · `c using

contours; following an analysis similar to the one that led to Eq. (4.37) above, we find that

the only integral is only non-zero for −n · p < n · ` < 0, which corresponds to a collinear

splitting with 0 < x < 1, where x is the momentum fraction. A similar conclusion holds

for the anti-collinear integral. When performing the soft integral, one can perform the `0

integral using contours first as well. Explicit evaluation yields

Iχh = − i

16π2

Γ(1 + ε)

M2

(
4πµ2

M2

)ε
(Γ(−ε))2

Γ(1− 2ε)

Iχc = +
i

16π2

Γ(1 + ε)

M2

(
4πµ2

m2
χ

)ε (n · p
ν

)−η Γ(−ε)Γ(−η)

Γ(1− ε− η)

Iχc̄ = +
i

16π2

Γ(1 + ε)

M2

(
4πµ2

m2
χ

)ε ( n̄ · p̄
ν

)−η Γ(−ε)Γ(−η)

Γ(1− ε− η)

Iχs = − i

16π2

Γ(1 + ε)

M2

(
4πµ2

m2
χ

)ε (mχ

ν

)−η 21−η

η

Γ(1/2− η/2)Γ(ε+ η/2)

Γ(1/2)Γ(1 + ε)
, (4.70)
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which can be expanded for small η and small ε to yield85

Iχh = − i

16π2

1

M2

(
1

ε2
+

1

ε
log

µ2

M2
+

1

2
log2 µ2

M2
− π2

12
+O

(
λ2
))

Iχc = − i

16π2

1

M2

(
− 1

ηε
− 1

η
log

µ2

m2
χ

+
1

ε
log

n · p
ν

+ log
µ2

m2
χ

log
n · p
ν

+
π2

6
+O

(
λ2
))

Iχc̄ = − i

16π2

1

M2

(
− 1

ηε
− 1

η
log

µ2

m2
χ

+
1

ε
log

n̄ · p̄
ν

+ log
µ2

m2
χ

log
n̄ · p̄
ν

+
π2

6
+O

(
λ2
))

Iχs = − i

16π2

1

M2

(
− 1

ε2
+

2

ηε
+

2

η
log

µ2

m2
χ

− 1

ε
log

µ2

ν2

−1

2
log2 µ

2

m2
χ

− log
µ2

m2
χ

log
m2
χ

ν2
+
π2

12
+O

(
λ2
))

, (4.72)

where the factor of γE − log 4 π has been absorbed into the renormalization parameter µ2 as

per the MS scheme. Note the (anti-) collinear integral has a 1/(εη) double divergence, which

traces the log µ2/m2
χ log n · p/ν double log, in contrast to the (anti-) collinear contributions

to the massless Sudakov integral which include 1/ε2, see Eq. (4.47). This is a manifestation

of the fact that the rapidity regulator is designed to be sensitivity to direction.

Adding these regions together, we find

Iχ = − i

16π2

1

M2

[
1

2
log2 M

2

m2
χ

+
π2

3
+O

(
λ2
)]
, (4.73)

where we have replaced n̄ · p = −n · p̄ = M . We identify the factor log2M2/m2
χ as the

expected Sudakov double log. The combined result is finite as it must have been since Iχ
does not have any divergences, and the precise form agrees with the expanded full theory

integral in Eq. (4.62). Note that the all µ and ν dependence has canceled in this combination

as it had to, since both types of divergences are an artifact of our choice to separate the

total finite integral into regions.

85 The naive expansion of Γ(1/2−η/2)
Γ(1/2) = 1 − (1/2)ψ(0)(1/2), where ψ(n)(z) is a polygamma function. To

expand this expression in a form that is more useful for our purposes, one can apply the “Legendre

duplication formula,” which in the case at hand implies

Γ(1/2− η/2)

Γ(1/2)
=

Γ(−η)

2−η−1Γ(−η/2)
= 1 +

1

2
(γE + 2 log 2)η +O(η2) . (4.71)

This then combines nicely with the other factors that appear to yield the expression for Iχs in Eq. (4.72).
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• Exercise: Evaluate the integrals in Eq. (4.69) to derive Eq. (4.70). You may find it

useful to restore the “i0” factors, and then for the soft (collinear) do the `0 (n · `)
integral using contours first. For the soft integral, it is useful to note that there are

four poles, three of which are below the real axis; it is straightforward to evaluate

this integral by closing a contour above the real axis. For the collinear integrals, note

that sending p ↔ p̄ and n ↔ n̄ within Iχc returns Iχc̄ , so no additional evaluation is

required. We again emphasize that the collinear integral only has support in the range

−n · p < n · ` < 0, which can be determined by examining the behavior of the poles as

one varies n · `.

We repeat again for emphasis that we can simply sum these integrals instead of applying

the zero-bin corrected formula Eq. (4.59) above. This is justified by the discussion above

Eq. (4.70), where we explained how the rapidity regulator eliminated the zero-bin from

the collinear integrals, while still allowing for a non-zero soft contribution. We also see

a novel feature appear if we add the three IR integrals Iχc + Iχc̄ + Iχs , namely there is a

subleading log µ2/m2
χ term which is multiplied by a large logM2/m2

χ. This is a “rapidity

logarithm” and looking at the individual expressions in Eq. (4.72), we see that the rapidity

scale ν separates the scales inside this log. This allows one to write down a rapidity RG

that governs the evolution of Wilson coefficients as a function of ν, thereby summing these

subleading logarithms [127, 128].

This completes our discussion of the massive Sudakov integral – for the rest of these

lectures we will only concern ourselves with the massless Sudakov case. Our focus for the

next section will be to introduce an EFT of the soft and collinear modes that allows us

to sum Sudakov logarithms. Since we will only sum the leading double logarithm, we will

ignore issues of rapidity renormalization for the rest of these lectures (other than a brief

mention in Primer G below). Next, we will set up a scalar version of SCET and will use it

to derive a set of RGEs that sum the double logs appearing in Eq. (4.48).

5. Toying Around with Soft Collinear Effective Theory

We have now explored the IR structure of field theory in the presence of light-like external

interacting particles by analyzing various leading power regions of two example integrals. In

addition, this exposed the presence of potentially large double logarithms, whose argument is

a function of only physical scales. In this section, we will introduce an EFT – a Soft Collinear

Effective Theory (SCET) – whose degrees of freedom capture the IR divergence structure

of a wide class of Full Theory processes. As with all EFTs, it is critical to find the
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appropriate propagating states along with their transformation rules under the symmetries

that persist to low energies. Then by tracking power counting, we can organize the allowed

operators.86 We will show how SCET allows us to match and run, thereby separating scales

and systematically summing the Sudakov double log and its subleading counterparts.

In this section, we will explore many features of SCET using a toy scalar model.87 In

particular, we will show how one can sum the massless Sudakov double log that was derived

in Eq. (4.48). Some differences will emerge when lifting these techniques to gauge theory,

as will be discussed Sec. 6 below.

Our first task is to discuss how the Full Theory IR logs of interest can be recast as

UV logs for SCET. This is critical to understanding how RG techniques (a UV phenomena)

can be applied to sum the Sudakov double log (that results from dynamics in the IR).

A. Mapping IR Logs to UV Logs

There are many non-trivial differences between SCET and the Lorentz preserving EFTs

we have studied so far. As we were reminded in Primer C, RG techniques emerge due to

UV divergences, whose regulation introduces a spurious scale µ. It is the requirement that

physical observables be µ-independent, which yields the RGEs. Therefore, the first question

we must address is how it is logically possible to sum IR logs using an RG formalism. This

will yield an interesting insight into the EFT approach since the principles discussed here

were also at work above. Since a full understanding of this subtlety was not really required

there, we chose to postpone the discussion until now.

The use of EFTs to sum logs relies on the fact that the IR of the two descriptions is

equivalent. One way of thinking about this is to zoom in on a given scale. From this vantage

point, all other scales can be organize as either contributing to UV or IR divergences. We

absorb the UV dependence into Wilson coefficients through the renormalization procedure,

and IR divergences must cancel by unitarity arguments since we are not resolving the IR by

assumption. As a result, when we take a log that depends on a ratio of two physical scales

(generalized to include regulating scales) and pull it apart into two pieces, the IR log with

respect to zooming in on a high scale is necessarily matched with a UV log with respect

86 For a recent discussion of power counting and higher power operators in SCET applied to the QCD

observable thrust, see [132].
87 What follows was heavily inspired by [122], where scalar SCET was written down and many aspects of

what appears below were explained. They worked out the summation for scalar SCET in 6 dimensions,

while here we will provide the RG analysis for a 4 dimensional example. The summation of the Sudakov

double logs for φ3 theory in 4 and 6 dimensions is also discussed in the earlier review of Sudakov form

factors [133].
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to zooming in on a low scale. Again we emphasize that the UV theory does not have IR

divergences, but it can generate the large logs we are trying to pull apart.

Said another way, in the high energy limit, it should be a very good approximation to take

all the light states to be massless, since we should not be sensitive to the specific features of

the IR. This manifests mathematically in the statement that the matching coefficients must

be analytic as one takes the light scales to zero. On the other hand, the IR description does

rely on the detailed properties of the light modes, but is only sensitive to the UV through

matching. The matching procedure trades the IR divergences of the Full Theory (which

emerge when the light scales are taken to zero), to the UV divergences of the EFT.88 From

the EFT perspective, the logs of interest are now due to UV dynamics, so that we can apply

RG techniques to run the theory to long distances.

To see how this story plays out mathematically, take a simple IR divergent integral89

∫ ∞

ΛIR

dx
1

x2
=

1

ΛIR

. (5.1)

Our goal is to map this mock IR divergence to a UV divergence. To do so, break the integral

into two parts using a cutoff ΛUV

∫ ΛUV

ΛIR

dx
1

x2
+

∫ ∞

ΛUV

dx
1

x2
=

(
1

ΛIR

− 1

ΛUV

)
+

(
1

ΛUV

)
. (5.2)

We see that ΛUV tracks the IR divergence structure of the full integral. This is exactly

what we are doing when we match and run: we introduce a convenient intermediate cutoff

– the matching scale – which allows us to peel apart the logarithm of interest into a UV and

IR contribution. Since the arguments of our logarithms must always be dimensionless, this

procedure necessitates introducing a spurious scale – the RG scale µ – which can then be

leveraged to derive RGEs.

Now that we have a general sense of how SCET can be used to sum IR logs, we turn to

setting up the structure of the EFT. Our focus is on summing the leading Sudakov double

log, and as such we will specialize to the EFT for that process, although many of the features

that appear in what follows generalize.

88 This was the first to noticed in the study of summing the large logarithms that appear for cusped Wilson

lines in gauge theory [134]. See Sec. 6 E below for more discussion.
89 For a more detailed toy example, see Sec. 5.8 of [64].
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B. Identifying the Modes

Our Full Theory process of interest is Φ → φφ, which yields a massless Sudakov

double log, see Eq. (4.40). In order to write down the relevant EFT, we need to identify

the degrees of freedom that model the soft and collinear IR limits of the Full Theory.

From a Wilsonian point of view, we want to integrate out the hard momentum shells of our

Full Theory field φ, and leave behind two types of independent propagating modes, one

to capture each of the two types of IR divergences. For our Φ → φφ process, the physical

picture takes the schematic form:

n
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where the blue dot in the center is our hard annihilation process (the decay of the heavy state

Φ), which will be modeled as a local interaction in the EFT, the purple cones are collinear

and anti-collinear degrees of freedom, which are localized close to the nµ and n̄µ directions

respectively (where “close” is determined by our power counting parameter as we will see

below), and the green lines represent isotropic (ultra)soft radiation, which has no preferred

direction but whose momentum is restricted by our power counting parameter. Depending

on the physics one is interested in modeling, additional modes may be required. Identifying

the modes is non-trivial, and in fact the first attempts at an SCET-like theory [135] missed

the need for soft modes. Here, we will largely focus on the massless Sudakov process, so we

will restrict our discussion to the appropriate three modes. Note that we will treat them as

independent propagating states since p2 scales homogeneously in power counting for each.

From a more mathematical point of view, what we are trying to do is develop a field

theory whose diagrammatic structure will reproduce the sum of integrals we derived in our

regions analysis above, Eq. (4.46), and which of course generalizes to higher order in the loop

and power counting expansions. Unsurprisingly, this requires a propagating mode90 whose

90 There is an intriguing recent proposal for constructing SCET without performing this mode expan-

sion [136]. Instead, they model the dynamics of each jet in a given process as a copy of QCD that

is not able to resolve the detailed structure of the other jets in the event – from the point of view of one

of these QCD theories, the other jets are simply Wilson lines (see Primer G and Sec. 6 B below). Then

the presence of ultrasoft modes and the related issues of zero-bin subtraction manifest as an “overlap

subtraction” that avoids the double counting that occurs when shifting between the points of view of the
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associated momentum scales according to each of the on-shell regions that contribute:

[
collinear

]
φc : pc ∼

(
λ2, 1, λ

)

[
anti-collinear

]
φc̄ : pc̄ ∼

(
1, λ2, λ

)

[
ultrasoft

]
φus : pus ∼

(
λ2, λ2, λ2

)
. (5.3)

In order to construct a Lagrangian for these modes, one can start from the Full

Theory and expand the fields in terms of the SCET modes as91

φ(x) = φc(x) + φc̄(x) + φus(x) . (5.4)

Using power counting to expand the structure of the interactions allows us to determine a

hierarchy that organizes the allowed operators. This relies on deriving the power counting

for the SCET fields, which is the topic of the next section.

C. Power Counting for SCET Fields

In this section, we will derive the power counting for the propagating degrees of freedom

in scalar SCET, as was first done for QCD in [137]. In exact analogy with our relativistic

example, see Sec. 2 C above, we enforce that the propagation of the dynamical fields is not

power suppressed – the power counting must be chosen so that the contribution to the action

from the kinetic term scales as O(1):
∫

d4x
1

2
∂µφc, c̄,us(x) ∂µφc, c̄,us(x) ∼ O(1) . (5.5)

First, we assume collinear scaling for the momentum of our field. Then we can infer the

required scaling of x by enforcing that the exponent of the Fourier transform kernel is

scaleless:

x · pc =
1

2
n · x n̄ · pc +

1

2
n̄ · xn · pc + x⊥ · pc,⊥ ∼ O(1) , (5.6)

which is satisfied if

n · x ∼ 1 n̄ · x ∼ 1

λ2
x⊥ ∼

1

λ
, (5.7)

different QCD copies.
91 This assumes we have already expanded the UV modes of φ and have subsequently integrated them out.
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such that

d4x =
(
dn · x

)(
dn̄ · x

)(
d2x⊥

)
∼ 1

λ4

[
collinear

]
. (5.8)

Since the collinear virtuality is ∂2 ∼ p2
c ∼ λ2, consistency with Eq. (5.5) requires φc(x) ∼ λ.

Simply swapping n ↔ n̄ in the previous derivation, we can deduce that d4x ∼ λ−4 for an

anti-collinear mode, implying that φc̄(x) ∼ λ as well.

Finally, we perform the same analysis for the ultrasoft mode. Since it scales homoge-

neously in spacetime, each component of x ∼ λ−2 so that

d4x ∼ 1

λ8

[
ultrasoft

]
, (5.9)

implying that φus(x) ∼ λ2. To summarize

φc(x) ∼ λ φc̄(x) ∼ λ φus(x) ∼ λ2 . (5.10)

When we perform this analysis for gauge fields below, it will be more convenient to

extract the power counting of the fields from the Feynman propagator directly. Therefore,

we will quickly demonstrate how to find the power counting from this point of view. The

time ordered two-point function for the free field is given by (see Eq. (2.6) above)

〈
0
∣∣T φ0(x)φ0(y)

∣∣0
〉

=

∫
d4p

(2π)4

i

p2 −m2 + i0
eip ·(y−x) . (5.11)

If the momentum is collinear, d4pc ∼ λ4 and p2
c ∼ λ2, implying that the fields must scale

as φc(x) ∼ λ for consistency. Similarly, if the momentum is ultrasoft, then d4pus ∼ λ8 and

p4
us ∼ λ2, and so φus(x) ∼ λ2.

In the next section we will use the naive expansion in Eq. (5.4), augmented by the field

power counting we have just determined, to derive the interaction structure of SCET from

our Full Theory Lagrangian.

D. Interactions in Position Space: the Multipole Expansion

Our power counting choice implies that summing the two point function into the

propagator is self-consistent. We can follow the same logic to infer the power counting

for the interactions and local operators. First, we will show how to power count interactions

in position space. This will expose a subtlety that arrises when considering collinear-ultrasoft

interactions. In the next section, we will show how to account for the same effects directly

in momentum space, which has the benefit that the origin of the resulting Feynman rules

will be more transparent.
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The first step is to determine what interactions are allowed within the confines of our

EFT. In particular, our EFT fields can exchange momentum amongst themselves, and so

we must ensure that these exchanges do not change the nature of a field. For example, a

collinear field could in principle transfer a large amount of momentum to an ultrasoft field,

violating the assumed ultrasoft momentum scaling in Eq. (5.3).

Starting with the Full Theory in position space, we expand in terms of our SCET

fields at the matching scale:

LInt ⊃
a

3!
φ3 =

a

3!

(
φc + φc̄ + φus

)3

=
a

3!

(
φ3
c + φ3

c̄ + φ3
us + 3φ2

c φc̄ + 3φc φ
2
c̄

+ 3φ2
c φus + 3φc φ

2
us + 3φ2

c̄ φus + 3φc̄ φ
2
us + 6φc φc̄ φus

)
. (5.12)

Note that the coefficients of each term are only equal to a at the high scale, and running

within the EFT will cause these to deviate from each other – each interaction must be given

its own independent coefficient when we write the final form of the EFT below, see Eq. (5.20).

Power counting can be used to check if the momentum sum at the vertex is consistent

with the assumed momentum scalings within the EFT. This is done by comparing the power

counting of each momentum component for all the states that are involved in the interaction.

The rule is that there should be two (or more) contributions in each momentum component

at the highest order in λ. For example, if p1 ∼
(
1, λ2, λ

)
and p2 ∼

(
λ2, λ2, λ2

)
, then p1 +p2 ∼(

1, λ2, λ), which is clearly non-zero. The interpretation is that momentum conservation is

not possible in this case. On the other hand, if p1 ∼
(
1, λ2, λ

)
and p2 ∼

(
1, λ2, λ

)
, then

p1 + p2 ∼
(
0, 0, 0), which is simply a propagating collinear line.

We start by checking the self-interaction terms, which yield

φ3
c :

p1 ∼
(
λ2, 1, λ

)

p2 ∼
(
λ2, 1, λ

)

p3 ∼
(
λ2, 1, λ

)

∑
pi ∼ (0, 0, 0)

; φ3
c̄ :

p1 ∼
(
1, λ2, λ

)

p2 ∼
(
1, λ2, λ

)

p3 ∼
(
1, λ2, λ

)

∑
pi ∼ (0, 0, 0)

; φ3
us :

p1 ∼
(
λ2, λ2, λ2

)

p2 ∼
(
λ2, λ2, λ2

)

p3 ∼
(
λ2, λ2, λ2

)

∑
pi ∼ (0, 0, 0)

. (5.13)

So we see that SCET fields inherit cubic self interactions. Next, we can check interactions
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between collinear and ultrasoft:92

φ2
c φus :

p1 ∼
(
λ2, 1, λ

)

p2 ∼
(
λ2, 1, λ

)

p3 ∼
(
λ2, λ2, λ2

)
∼

p1 ∼
(
λ2, 1, λ

)

p2 ∼
(
λ2, 1, λ

) ∼
∑

pi ∼ (0, 0, 0) , (5.14)

and the same holds for φ2
c̄ φus. In the second step, we used the fact that the ultrasoft

momentum does not change the power counting of the collinear fields, so we expanded it

away. These interactions are allowed within the EFT, and the interpretation is that the

direction of a collinear particle is unchanged when it interacts with an ultrasoft field.

Next, we can check some interactions that violate momentum conservation:

φ2
c φc̄ :

p1 ∼
(
λ2, 1, λ

)

p2 ∼
(
λ2, 1, λ

)

p3 ∼
(
1, λ2, λ

)
∼

(
1, 0, 0

)
��∼ (0, 0, 0) . (5.15)

A similar analysis shows that φc φ
2
c̄ and φc φc̄ φus also violate momentum conservation. This

conclusion is intuitive – an anti-collinear field has a large component of momentum that has

the capacity to change the direction of the collinear field outside the range modeled within

the EFT. Therefore, this interaction should not be included. We conclude that our EFT

interaction Lagrangian only includes terms schematically of the form

LSCET
Int =

1

3!

(
ac φ

3
c + ac̄ φ

3
c̄ + aus3 φ

3
us + 3 aus φ

2
c φus + 3 aus φ

2
c̄ φus

)
. (5.16)

Consistently power counting the interactions requires one additional step, as was first

developed in [138, 139]. In position space, we begin with a multipole expansion for the field

φ(x). For example, expanding about the n̄ · x direction,

φ(x) = φ
(
n̄ · x

)
+ x⊥ · ∂⊥φ

(
n̄ · x

)
+

1

2
n · x n̄ · ∂φ

(
n̄ · x

)
+

1

2

(
x⊥ · ∂⊥

)2
φ
(
n̄ · x

)
+ · · · . (5.17)

This will be relevant for interactions involving a collinear line that points in the nµ direction.

We want to explore the implications for the φ2
c φus interaction. Given the multipole

expansion of the collinear field φc, we can power count each term using the scalings in

92 Note that one of the consequences of breaking Lorentz invariance by working in an explicit frame

is that crossing symmetry no longer holds. So technically, one should specify which momenta are

incoming/outgoing when performing this kind of analysis. For example, pc → pc + pus is allowed, while

pc + pc → pus violates EFT momentum conservation.
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Eq. (5.7) that are relevant when position is conjugate to collinear momentum:

φc
(
n̄ · x

)
∼ λ

x⊥ · ∂⊥φc
(
n̄ · x

)
∼ 1

λ
× λ× λ = λ

1

2
n · x n̄ · ∂φc

(
n̄ · x

)
∼ 1× λ = λ

1

2

(
x⊥ · ∂⊥

)2
φc(n̄ · x) ∼

(
1

λ
× λ
)2

× λ = λ , (5.18)

so we see that all the multipole expanded components have the same scaling, and therefore

we should sum the expanded field back into the full field φc(x), which is what appears in

the interaction Lagrangian below.93

Next, we specialize to the ultrasoft field. We again power count using the scalings given

in Eq. (5.7) that are relevant when position is conjugate to collinear momentum, since the

collinear field dominates the momentum flowing through the vertex:

φus
(
n̄ · x

)
∼ λ2

x⊥ · ∂⊥φus
(
n̄ · x

)
∼ 1

λ
× λ2 × λ2 = λ3

1

2
n · x n̄ · ∂φus

(
n̄ · x

)
∼ 1× λ2 × λ2 = λ4

1

2

(
x⊥ · ∂⊥

)2
φus
(
n̄ · x

)
∼
(

1

λ
× λ2

)2

× λ2 = λ4 . (5.19)

This implies that when the ultrasoft field is multipole expanded about the collinear direction,

it organizes itself as a hierarchal expansion in λ. In particular, the leading order contribution

is given by φus(n̄ · x), and so we should drop the higher order terms when constructing the

leading power Lagrangian. Similarly, expanding φus around the anti-collinear direction shows

that only φus(n · x) contributes at leading power. There is an intuitive way to understand

what this multipole analysis is accomplishing. The ultrasoft fields are restricted to only have

long wavelength fluctuations, and as such they are unable to resolve any of the transverse

structure of the collinear sector(s). All they can see is the collinear particle’s world line, so

that is the only nontrivial position dependence that can appear in the interactions involving

the ultrasoft fields.

To summarize, expanding to leading power and keeping track of the arguments of the

93 This conclusion could have been anticipated by noting that the collinear scaling for position was derived

by requiring x · pc ∼ O(1), and we are applying spatial derivatives to the collinear field.
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fields yields the resulting interactions:

LSCET
Int =

1

3!

(
ac φ

3
c(x) + ac̄ φ

3
c̄(x) + aus3 φ

3
us(x)

+ 3 aus φ
2
c(x)φus(n̄ · x) + 3 aus φ

2
c̄(x)φus(n · x)

)
, (5.20)

which includes both super-leading power interactions, φ3
c , φ

3
c̄ , and94 φ3

us, and leading power

interactions φ2
c φus and φ2

c̄ φus. We will see a non-trivial interplay between the power counting

of these interactions against that of the local operators when we sum the Sudakov double

log below.

This position space multipole expanded result ensures that only the n · pus components

of the ultrasoft momenta are added to collinear momenta in momentum space interactions.

This appears as an apparent non-conservation of momentum when Fourier transforming the

interaction. Since we are ultimately interested in momentum space Feynman rules, the next

section is devoted to the so-called label formalism, which is an alternative way to capture

the impact of the multipole expansion.

E. Interactions in Momentum Space: the Label Formalism

In this section, we will derive the form of momentum space SCET interactions more

directly, utilizing the so-called label formalism [140, 141]. This approach allows one to

implement the multipole expansion by applying power counting to the momenta that flow

through the Feynman diagrams directly by separating the “large” component of momentum

from the “small” component. The hard background process determines the large component,

while the fluctuations within the EFT are governed by the small component, see e.g. Fig. 5

of [142] for an illustration of this separation.

We begin with the Fourier transform of the EFT field

φ̃(p) =

∫
d4x eip·x φ̂(x) , (5.21)

where φ̂(x) is the position space EFT field, and φ̃(p) is the momentum space EFT field.

For concreteness, we will focus on the interaction between two collinear fields and an

ultrasoft field. This example is interesting since it is non-trivially modified by power counting

as we saw in the previous section. Furthermore, we will need it for our massless Sudakov

example below. Given a momentum p, we separate it into a large “label” momentum pL

94 Note that φ3
us ∼ λ6 is super-leading power since in this case one should use the scaling of

∫
d4x ∼ 1/λ8

appropriate for ultrasoft, see Eq. (5.9).
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and a small “residual” momentum pr:

pµ = pµL + pµr . (5.22)

The scaling of the residual momentum is always chosen to be the softest scale. For our

example, this is pr ∼
(
λ2, λ2, λ2

)
. This can then be used to derive the scaling for the label

momentum that is appropriate for a given interaction. Taking the example φ2
c φus, the label

and residual momentum scalings for a collinear field are

pc,L ∼ (0, 1, λ)

pc,r ∼
(
λ2, λ2, λ2

)
, (5.23)

while for an ultrasoft field,

pus,L ∼ (0, 0, 0)

pus,r ∼
(
λ2, λ2, λ2

)
. (5.24)

Then an integral over collinear momentum, including an contributions from both the large

and residual components, is given by
∫

d4pc −→
∑

pc,L 6=0

∫
d4pc,r , (5.25)

where we have excluded the bin where the label momentum goes to zero, since this

corresponds to the ultrasoft region and we want to avoid double counting.95 An integral

over ultrasoft momentum is simply given by
∫

d4pus −→
∫

d4pus,r . (5.26)

We can use these definitions to trade our field’s explicit label dependence for a sum over

many fields that are now labeled by their large momentum pL. This can be done using a

field redefinition:

φ̂(x) =
∑

pL 6=0

e−ipL·x
∫

d4pr
(2π)4

e−ipr·x φ̃pL(pr) =
∑

pL 6=0

e−ipL·x φpL(x) , (5.27)

which decomposes our momentum space field as promised, since now our degree of freedom

only depends on the residual fluctuations within the EFT.

95 This is in principle how we would like to formulate the EFT. In practice, when extending the integration

ranges to the full loop momentum space (so that we can simply apply dim reg), one must be careful not

to double count any regions, see the discussion of zero-bin subtraction in Primer F.
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In order to access the label of a field, it is useful to define the label momentum operator

Pµ, whose action is

Pµ φpL(x) ≡ pL,µ φpL(x) . (5.28)

To see the implications of Eq. (5.27), we can Fourier transform a labeled field. Noting that

it is pr that appears in the transform, we have

φpL(x) =

∫
d4pr
(2π)4

e−ipr·x φ̃pL(pr) . (5.29)

This implies that label and residual momentum are separately conserved:
∫

d4x ei(pL−qL)·x ei(pr−qr)·x = (2π)4 δpL,qL δ
4(pr − qr) . (5.30)

Conservation of label momentum has a variety of consequences:

i) Emitting ultrasoft modes from (anti-)collinear modes leaves the (anti-)collinear labels

unchanged.

ii) Interactions among collinear fields changes labels.

iii) Collinear and ultrasoft interactions preserve the direction n; only a hard scattering

process (which takes us outside the EFT description) can change the direction n.

Now the point of this formalism should be clear. The labels provide a self consistent way

to power count momenta that flow through EFT Feynman diagrams. Taking the collinear

field (see Eq. (5.23) for the scalings) as an example, we see that Eq. (5.29) implies that

n · Pφc,pL(x) ∼ 0

n̄ · Pφc,pL(x) ∼ λ0 φc,pL(x)

P⊥ ,µφc,pL(x) ∼ λφc,pL(x)

∂µφc,pL(x) ∼ λ2 φc,pL(x) . (5.31)

This is how the label formalism encodes power counting of derivatives within the momentum

space version of the EFT.

Now that we understand the mechanics, it is useful to simplify the notation. Utilizing

the P operator, we can now rewrite

φ̂(x) =
∑

pL 6=0

e−ipL·x φpL(x) = e−iP·x
∑

pL 6=0

φpL(x) ≡ e−iP·x φ(x) , (5.32)
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where in the last step we have defined φ(x) =
∑
φpL(x). In other words, the P operator

allows us to take the label dependence outside of the sum. One consequence of this

manipulation is that products of fields behave simply as

φ̂(x) φ̂(x) = eiP·x
(
φ(x)φ(x)

)
, (5.33)

where the label operator acts on both fields within the parenthesis. Conservation of label

momentum is encoded in this overall phase factor, which has no impact on the squared

amplitude. Hence, we will drop the labels from here forward since there is no reason to make

the labels explicit – their only impact on the physics is to determine which components of

momentum flow through an EFT vertex.

Finally, we return to our EFT interaction of interest φ2
c φus. By separating into label

and residual momentum using Eq. (5.23) and Eq. (5.24), we see that the collinear label is

unchanged by the ultrasoft exchange. Therefore, the EFT vertex is

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�us
<latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�
pn,`, pn,r

�
<latexit sha1_base64="gljlqy34sIgTQwdmB3i5tggRBJA=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoIui25cVrAXaEKYTCft0MkkzEyEErJx46u4caGIW9/BnW/jJM1CW38Y+PjPOZw5vx8zKpVlfRuVldW19Y3qZm1re2d3z9w/6MkoEZh0ccQiMfCRJIxy0lVUMTKIBUGhz0jfn97k9f4DEZJG/F7NYuKGaMxpQDFS2vLMY8en40bspbzpEMayZoEiy+0zz6xbLasQXAa7hDoo1fHML2cU4SQkXGGGpBzaVqzcFAlFMSNZzUkkiRGeojEZauQoJNJNiysyeKqdEQwioR9XsHB/T6QolHIW+rozRGoiF2u5+V9tmKjgyk0pjxNFOJ4vChIGVQTzSOCICoIVm2lAWFD9V4gnSCCsdHA1HYK9ePIy9M5btt2y7y7q7esyjio4AiegAWxwCdrgFnRAF2DwCJ7BK3gznowX4934mLdWjHLmEPyR8fkD4W+YKg==</latexit><latexit sha1_base64="gljlqy34sIgTQwdmB3i5tggRBJA=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoIui25cVrAXaEKYTCft0MkkzEyEErJx46u4caGIW9/BnW/jJM1CW38Y+PjPOZw5vx8zKpVlfRuVldW19Y3qZm1re2d3z9w/6MkoEZh0ccQiMfCRJIxy0lVUMTKIBUGhz0jfn97k9f4DEZJG/F7NYuKGaMxpQDFS2vLMY8en40bspbzpEMayZoEiy+0zz6xbLasQXAa7hDoo1fHML2cU4SQkXGGGpBzaVqzcFAlFMSNZzUkkiRGeojEZauQoJNJNiysyeKqdEQwioR9XsHB/T6QolHIW+rozRGoiF2u5+V9tmKjgyk0pjxNFOJ4vChIGVQTzSOCICoIVm2lAWFD9V4gnSCCsdHA1HYK9ePIy9M5btt2y7y7q7esyjio4AiegAWxwCdrgFnRAF2DwCJ7BK3gznowX4934mLdWjHLmEPyR8fkD4W+YKg==</latexit><latexit sha1_base64="gljlqy34sIgTQwdmB3i5tggRBJA=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoIui25cVrAXaEKYTCft0MkkzEyEErJx46u4caGIW9/BnW/jJM1CW38Y+PjPOZw5vx8zKpVlfRuVldW19Y3qZm1re2d3z9w/6MkoEZh0ccQiMfCRJIxy0lVUMTKIBUGhz0jfn97k9f4DEZJG/F7NYuKGaMxpQDFS2vLMY8en40bspbzpEMayZoEiy+0zz6xbLasQXAa7hDoo1fHML2cU4SQkXGGGpBzaVqzcFAlFMSNZzUkkiRGeojEZauQoJNJNiysyeKqdEQwioR9XsHB/T6QolHIW+rozRGoiF2u5+V9tmKjgyk0pjxNFOJ4vChIGVQTzSOCICoIVm2lAWFD9V4gnSCCsdHA1HYK9ePIy9M5btt2y7y7q7esyjio4AiegAWxwCdrgFnRAF2DwCJ7BK3gznowX4934mLdWjHLmEPyR8fkD4W+YKg==</latexit><latexit sha1_base64="gljlqy34sIgTQwdmB3i5tggRBJA=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoIui25cVrAXaEKYTCft0MkkzEyEErJx46u4caGIW9/BnW/jJM1CW38Y+PjPOZw5vx8zKpVlfRuVldW19Y3qZm1re2d3z9w/6MkoEZh0ccQiMfCRJIxy0lVUMTKIBUGhz0jfn97k9f4DEZJG/F7NYuKGaMxpQDFS2vLMY8en40bspbzpEMayZoEiy+0zz6xbLasQXAa7hDoo1fHML2cU4SQkXGGGpBzaVqzcFAlFMSNZzUkkiRGeojEZauQoJNJNiysyeKqdEQwioR9XsHB/T6QolHIW+rozRGoiF2u5+V9tmKjgyk0pjxNFOJ4vChIGVQTzSOCICoIVm2lAWFD9V4gnSCCsdHA1HYK9ePIy9M5btt2y7y7q7esyjio4AiegAWxwCdrgFnRAF2DwCJ7BK3gznowX4934mLdWjHLmEPyR8fkD4W+YKg==</latexit>

�
0, pus

�
<latexit sha1_base64="tGlXYaKRhUFSDlYq78Nn2aJupq4=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBahgpREBF0W3bisYB/QhjCZTtqhk0mYmYgl5FfcuFDErT/izr9x0mahrQcunDnnXube48ecKW3b31ZpbX1jc6u8XdnZ3ds/qB7WuipKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzp7e533ukUrFIPOhZTN0QjwULGMHaSF61NvTZuGGfx16aqCx/nHnVut2050CrxClIHQq0verXcBSRJKRCE46VGjh2rN0US80Ip1llmCgaYzLFYzowVOCQKjed756hU6OMUBBJU0Kjufp7IsWhUrPQN50h1hO17OXif94g0cG1mzIRJ5oKsvgoSDjSEcqDQCMmKdF8ZggmkpldEZlgiYk2cVVMCM7yyauke9F0nKZzf1lv3RRxlOEYTqABDlxBC+6gDR0g8ATP8ApvVma9WO/Wx6K1ZBUzR/AH1ucPIXuT2A==</latexit><latexit sha1_base64="tGlXYaKRhUFSDlYq78Nn2aJupq4=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBahgpREBF0W3bisYB/QhjCZTtqhk0mYmYgl5FfcuFDErT/izr9x0mahrQcunDnnXube48ecKW3b31ZpbX1jc6u8XdnZ3ds/qB7WuipKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzp7e533ukUrFIPOhZTN0QjwULGMHaSF61NvTZuGGfx16aqCx/nHnVut2050CrxClIHQq0verXcBSRJKRCE46VGjh2rN0US80Ip1llmCgaYzLFYzowVOCQKjed756hU6OMUBBJU0Kjufp7IsWhUrPQN50h1hO17OXif94g0cG1mzIRJ5oKsvgoSDjSEcqDQCMmKdF8ZggmkpldEZlgiYk2cVVMCM7yyauke9F0nKZzf1lv3RRxlOEYTqABDlxBC+6gDR0g8ATP8ApvVma9WO/Wx6K1ZBUzR/AH1ucPIXuT2A==</latexit><latexit sha1_base64="tGlXYaKRhUFSDlYq78Nn2aJupq4=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBahgpREBF0W3bisYB/QhjCZTtqhk0mYmYgl5FfcuFDErT/izr9x0mahrQcunDnnXube48ecKW3b31ZpbX1jc6u8XdnZ3ds/qB7WuipKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzp7e533ukUrFIPOhZTN0QjwULGMHaSF61NvTZuGGfx16aqCx/nHnVut2050CrxClIHQq0verXcBSRJKRCE46VGjh2rN0US80Ip1llmCgaYzLFYzowVOCQKjed756hU6OMUBBJU0Kjufp7IsWhUrPQN50h1hO17OXif94g0cG1mzIRJ5oKsvgoSDjSEcqDQCMmKdF8ZggmkpldEZlgiYk2cVVMCM7yyauke9F0nKZzf1lv3RRxlOEYTqABDlxBC+6gDR0g8ATP8ApvVma9WO/Wx6K1ZBUzR/AH1ucPIXuT2A==</latexit><latexit sha1_base64="tGlXYaKRhUFSDlYq78Nn2aJupq4=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBahgpREBF0W3bisYB/QhjCZTtqhk0mYmYgl5FfcuFDErT/izr9x0mahrQcunDnnXube48ecKW3b31ZpbX1jc6u8XdnZ3ds/qB7WuipKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzp7e533ukUrFIPOhZTN0QjwULGMHaSF61NvTZuGGfx16aqCx/nHnVut2050CrxClIHQq0verXcBSRJKRCE46VGjh2rN0US80Ip1llmCgaYzLFYzowVOCQKjed756hU6OMUBBJU0Kjufp7IsWhUrPQN50h1hO17OXif94g0cG1mzIRJ5oKsvgoSDjSEcqDQCMmKdF8ZggmkpldEZlgiYk2cVVMCM7yyauke9F0nKZzf1lv3RRxlOEYTqABDlxBC+6gDR0g8ATP8ApvVma9WO/Wx6K1ZBUzR/AH1ucPIXuT2A==</latexit>

�
pn,`, pn,r + pus

�
<latexit sha1_base64="wmUVpyTsYeT2S27aNhjV0nE89vE=">AAACDHicbVDLSsNAFJ3UV62vqks3wSJULCURQZdFNy4r2Ac0oUymN+3QySTMTIQS8gFu/BU3LhRx6we482+cpFlo64FhDuecy8w9XsSoVJb1bZRWVtfWN8qbla3tnd296v5BV4axINAhIQtF38MSGOXQUVQx6EcCcOAx6HnTm8zvPYCQNOT3ahaBG+Axpz4lWGlpWK05Hh3Xo2HCGw4wljZyKtIzfccyzdxTnbKaVg5zmdgFqaEC7WH1yxmFJA6AK8KwlAPbipSbYKEoYZBWnFhChMkUj2GgKccBSDfJl0nNE62MTD8U+nBl5urviQQHUs4CTycDrCZy0cvE/7xBrPwrN6E8ihVwMn/Ij5mpQjNrxhxRAUSxmSaYCKr/apIJFpgo3V9Fl2AvrrxMuudN227adxe11nVRRxkdoWNURza6RC10i9qogwh6RM/oFb0ZT8aL8W58zKMlo5g5RH9gfP4Ai3GbSg==</latexit><latexit sha1_base64="wmUVpyTsYeT2S27aNhjV0nE89vE=">AAACDHicbVDLSsNAFJ3UV62vqks3wSJULCURQZdFNy4r2Ac0oUymN+3QySTMTIQS8gFu/BU3LhRx6we482+cpFlo64FhDuecy8w9XsSoVJb1bZRWVtfWN8qbla3tnd296v5BV4axINAhIQtF38MSGOXQUVQx6EcCcOAx6HnTm8zvPYCQNOT3ahaBG+Axpz4lWGlpWK05Hh3Xo2HCGw4wljZyKtIzfccyzdxTnbKaVg5zmdgFqaEC7WH1yxmFJA6AK8KwlAPbipSbYKEoYZBWnFhChMkUj2GgKccBSDfJl0nNE62MTD8U+nBl5urviQQHUs4CTycDrCZy0cvE/7xBrPwrN6E8ihVwMn/Ij5mpQjNrxhxRAUSxmSaYCKr/apIJFpgo3V9Fl2AvrrxMuudN227adxe11nVRRxkdoWNURza6RC10i9qogwh6RM/oFb0ZT8aL8W58zKMlo5g5RH9gfP4Ai3GbSg==</latexit><latexit sha1_base64="wmUVpyTsYeT2S27aNhjV0nE89vE=">AAACDHicbVDLSsNAFJ3UV62vqks3wSJULCURQZdFNy4r2Ac0oUymN+3QySTMTIQS8gFu/BU3LhRx6we482+cpFlo64FhDuecy8w9XsSoVJb1bZRWVtfWN8qbla3tnd296v5BV4axINAhIQtF38MSGOXQUVQx6EcCcOAx6HnTm8zvPYCQNOT3ahaBG+Axpz4lWGlpWK05Hh3Xo2HCGw4wljZyKtIzfccyzdxTnbKaVg5zmdgFqaEC7WH1yxmFJA6AK8KwlAPbipSbYKEoYZBWnFhChMkUj2GgKccBSDfJl0nNE62MTD8U+nBl5urviQQHUs4CTycDrCZy0cvE/7xBrPwrN6E8ihVwMn/Ij5mpQjNrxhxRAUSxmSaYCKr/apIJFpgo3V9Fl2AvrrxMuudN227adxe11nVRRxkdoWNURza6RC10i9qogwh6RM/oFb0ZT8aL8W58zKMlo5g5RH9gfP4Ai3GbSg==</latexit><latexit sha1_base64="wmUVpyTsYeT2S27aNhjV0nE89vE=">AAACDHicbVDLSsNAFJ3UV62vqks3wSJULCURQZdFNy4r2Ac0oUymN+3QySTMTIQS8gFu/BU3LhRx6we482+cpFlo64FhDuecy8w9XsSoVJb1bZRWVtfWN8qbla3tnd296v5BV4axINAhIQtF38MSGOXQUVQx6EcCcOAx6HnTm8zvPYCQNOT3ahaBG+Axpz4lWGlpWK05Hh3Xo2HCGw4wljZyKtIzfccyzdxTnbKaVg5zmdgFqaEC7WH1yxmFJA6AK8KwlAPbipSbYKEoYZBWnFhChMkUj2GgKccBSDfJl0nNE62MTD8U+nBl5urviQQHUs4CTycDrCZy0cvE/7xBrPwrN6E8ihVwMn/Ij5mpQjNrxhxRAUSxmSaYCKr/apIJFpgo3V9Fl2AvrrxMuudN227adxe11nVRRxkdoWNURza6RC10i9qogwh6RM/oFb0ZT8aL8W58zKMlo5g5RH9gfP4Ai3GbSg==</latexit>
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, (5.34)

where the momentum flow is labeled explicitly. There is an analogous derivation for the

interaction φ2
c̄ φus. Practically, this allows us to track the residual momentum flow through

the propagators that connect to this vertex. We will make this explicit when we compute

the one-loop diagrams for the Sudakov process in Sec. 5 G below.

Now that we understand the SCET degrees of freedom and their interactions, we turn

to a discussion of the local operator structure relevant for our massless Sudakov example.

These contact operators encode the physics at the hard scale and provide a mechanism for

injecting large momentum into the EFT.

F. Local Operators and the Sudakov Process

We need a portal that can inject a large source of energy and momentum into our EFT.

This can by modeled through the inclusion of what are usually referred to as local operators

or contact operators: products of EFT fields and external current sources evaluated at a

single (local) spacetime point. Physically, a local operator is an interaction whose detailed

structure cannot be resolved by the low energy degrees of freedom. Each local operator has

a coupling, i.e., the Wilson coefficient, whose size is determined by a matching calculation

at the hard scale. Then summation of large logs is accomplished by RG evolving these



118

coefficients from the UV to the IR. This will separate scales in exact analogy with the

examples studied above. Although much of what follows will be specific to our goal of

summing the massless Sudakov logs, we will emphasize the general lessons as they appear.

We can determine the local operator structure and hierarchy within the EFT using

symmetries and power counting. Note that a collinear field can be multiplied by a factor

of (n̄ · ∂)j for any choice of j since this derivative power counts as O(1). In position space,

this implies that the tower of operators can be summed into a translation along the collinear

direction via the Taylor expansion:

∞∑

j=0

tj

j!

(
n̄ · ∂

)j
φc(x) = φc

(
x+ tn̄

)
. (5.35)

Therefore, our “local” operators in the EFT should be built out of these extended fields,

and we must include an integral over the affine parameter t when constructing operators.

We will see this manifest in momentum space through the momentum dependence of our

Feynman rules, which is straightforward to derive with a matching calculation.

For our Sudakov process, we want a current that generates two hard back-to-back

particles, i.e., it couples to a collinear and an anti-collinear field. A simple way to model

this process is to imagine that there is a heavy scalar Φ that decays into our light scalars φ.

We can then perform a matching calculation starting with our Full Theory interaction

LFull
Int =

b

2
Φφ2 ⇐⇒
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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. (5.36)

Matching this onto the EFT, including the convolution over the affine parameters, yields96

LLocal ⊃
∫

dt dt̄C2(µ, t, t̄
)
J(x)φc

(
x+ tn̄

)
φc̄
(
x+ t̄n

)
=⇒
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�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
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. (5.37)

where C2(µ, t, t̄
)

is the Wilson coefficient, which is explicitly a function of the RG scale µ

and additionally captures the possible dependence on t, t̄ (which will manifest as non-trivial

momentum dependence in the Wilson coefficient), and J(x) is a static background source,

96 Here we first encounter the fact that Wilson coefficients can also be functions of kinematics. We are

introducing the notation C to specify that it includes kinematic information. This will be contrast with

our use of C below, which is the non-kinematic part of the Wilson coefficient.
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whose role is to inject M of energy into the light system (the blue dot in the Feynman rule).

Given our process, we can match the Full Theory given in Eq. (5.36) onto the two

particle local operator in the momentum space EFT given in Eq. (5.37). This requires the

straightforward comparison of tree-level amplitudes:
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

=

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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where the identification between C2 and C2 is trivial since there is no kinematic dependence.

Next, we compute one-loop corrections to the matching coefficient within the EFT. This

will require a pair of higher power local operators:

LLocal ⊃
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∫
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<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

+

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

, (5.39)

where, similar to Eq. (5.37), C3 and C3 are Wilson coefficients, which can also include

momentum dependence.97

From here forward, we will work in momentum space. The impact of the t integrals on C3

will yield an expansion in terms of inverse derivatives in the “large” momentum direction.

There is a connection to Wilson lines that will be made in Sec. 6 below, where we discuss

how to promote φ to a gauge boson. Note that one of the idiosyncrasies of scalar SCET (in

four dimensions) is that our coupling φ3
c is super-leading power. This will imply that we will

need a term in our local operator expansion that is higher order in power counting to capture

the full physics of the massless Sudakov process at one-loop order. Then the power counting

of the diagram involving an insertion of this sub-leading power operator will be reduced by

the super-leading power counting of φ3
c , see Sec. 5 G where this is made explicit. This is in

contrast with the QCD case where the gauge coupling is marginal. Furthermore, when we

move to QCD, we will find that an analogous analysis will lead us to include Wilson lines

97 The position space form of these operators is given in Eq. (3.31) of [122]; since we will be able to extract

the momentum space form of C3 directly, we will not include the position space formulas here.
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in our local operators. Said another way, one feature that makes our toy theory non-QCD

like is that the coupling expansion is tied to the power expansion.

To derive C3, we can again match at tree-level. We power expand and keep only leading

power contributions.
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
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�
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�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �

<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

=

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

+

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

. (5.40)

Then noting that

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �

<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

=

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

, (5.41)

we can simply compute the matching coefficient by equating

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �

<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p2
<latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit> p2

<latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit>

p̄
<latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit>

p̄
<latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit>

=

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �

<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p2
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1

(p2 + p̄)2
= a b

1

n̄ · p2 n · p̄
= C3 . (5.42)

So we see that our the Wilson coefficient at the high scale is

C3

(
µM
)

= a
(
µM
)
b
(
µM
) 1

n̄ · p2 n · p̄
= C3

(
µM
) 1

n̄ · p2 n · p̄
, (5.43)

at the high scale where we match the Full Theory to the EFT, and we have defined C3

as the non-kinematic part of the Wilson coefficient.

Next, we can perform a similar matching calculation for the diagram with a single collinear

and two anti-collinear emissions:

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

+

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �

<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

=

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

+

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

. (5.44)



121

Following the same argument as in Eq. (5.41), we have

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �

<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p2
<latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit> p2

<latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit>

p̄
<latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit>

p̄
<latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

p
<latexit sha1_base64="SOdwHJljNCpAjBqv2ZGkY55NH44=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9r+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2m2M9Q==</latexit><latexit sha1_base64="SOdwHJljNCpAjBqv2ZGkY55NH44=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9r+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2m2M9Q==</latexit><latexit sha1_base64="SOdwHJljNCpAjBqv2ZGkY55NH44=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9r+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2m2M9Q==</latexit><latexit sha1_base64="SOdwHJljNCpAjBqv2ZGkY55NH44=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9r+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2m2M9Q==</latexit>

p̄1
<latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="Osbwue7uNXkiYBKnNqtiS1u7+aU=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odhu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx85C4o5</latexit><latexit sha1_base64="vI7ZnzFC//ujXUSez/VM4rkYZPg=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoTN7oU3LisYB/SDuVOmmlDk8yQZIQy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzKawLw++gtLW9s7tX3q8cVA+Pjmsn1bZNc8N4i6UyNd0YLZdC85YTTvJuZjiqWPJOPLmb551nbqxI9aObZjxSONIiEQydt576MZoimw3ooFYPG+FCZBPoCuqwUnNQ++oPU5Yrrh2TaG2PhpmLCjROMMlnlX5ueYZsgiPe86hRcRsVi4Fn5MI7Q5Kkxh/tyML9/aJAZe1Uxf6mQje269nc/C/r5S65iQqhs9xxzZYfJbkkLiXz7clQGM6cnHpAZoSflbAxGmTOd1TxJdD1lTehfdWgtEEfQijDGZzDJVC4hlu4hya0gIGCF3iD98AEr8HHsq5SsOrtFP4o+PwBijqPAw==</latexit><latexit sha1_base64="vI7ZnzFC//ujXUSez/VM4rkYZPg=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoTN7oU3LisYB/SDuVOmmlDk8yQZIQy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzKawLw++gtLW9s7tX3q8cVA+Pjmsn1bZNc8N4i6UyNd0YLZdC85YTTvJuZjiqWPJOPLmb551nbqxI9aObZjxSONIiEQydt576MZoimw3ooFYPG+FCZBPoCuqwUnNQ++oPU5Yrrh2TaG2PhpmLCjROMMlnlX5ueYZsgiPe86hRcRsVi4Fn5MI7Q5Kkxh/tyML9/aJAZe1Uxf6mQje269nc/C/r5S65iQqhs9xxzZYfJbkkLiXz7clQGM6cnHpAZoSflbAxGmTOd1TxJdD1lTehfdWgtEEfQijDGZzDJVC4hlu4hya0gIGCF3iD98AEr8HHsq5SsOrtFP4o+PwBijqPAw==</latexit><latexit sha1_base64="vII2k2D2AyOdkSRmYloO0RujhaA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqWy86LHoxWMF2yrtUrJptg1NskuSFcrSX+HFgyJe/Tne/Dem7R609cHA470ZZuZFqRTWBcE3Kq2tb2xulbcrO7t7+wfVw6O2TTLDeIslMjEPEbVcCs1bTjjJH1LDqYok70Tjm5nfeeLGikTfu0nKQ0WHWsSCUeelx15ETZ5O+6RfrQX1YA68SkhBalCg2a9+9QYJyxTXjklqbZcEqQtzapxgkk8rvczylLIxHfKup5oqbsN8fvAUn3llgOPE+NIOz9XfEzlV1k5U5DsVdSO77M3E/7xu5uKrMBc6zRzXbLEoziR2CZ59jwfCcObkxBPKjPC3YjaihjLnM6r4EMjyy6ukfVEnpE7uglrjuoijDCdwCudA4BIacAtNaAEDBc/wCm/IoBf0jj4WrSVUzBzDH6DPH8FmkFo=</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit>
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p̄1
<latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="Osbwue7uNXkiYBKnNqtiS1u7+aU=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odhu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx85C4o5</latexit><latexit sha1_base64="vI7ZnzFC//ujXUSez/VM4rkYZPg=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoTN7oU3LisYB/SDuVOmmlDk8yQZIQy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzKawLw++gtLW9s7tX3q8cVA+Pjmsn1bZNc8N4i6UyNd0YLZdC85YTTvJuZjiqWPJOPLmb551nbqxI9aObZjxSONIiEQydt576MZoimw3ooFYPG+FCZBPoCuqwUnNQ++oPU5Yrrh2TaG2PhpmLCjROMMlnlX5ueYZsgiPe86hRcRsVi4Fn5MI7Q5Kkxh/tyML9/aJAZe1Uxf6mQje269nc/C/r5S65iQqhs9xxzZYfJbkkLiXz7clQGM6cnHpAZoSflbAxGmTOd1TxJdD1lTehfdWgtEEfQijDGZzDJVC4hlu4hya0gIGCF3iD98AEr8HHsq5SsOrtFP4o+PwBijqPAw==</latexit><latexit sha1_base64="vI7ZnzFC//ujXUSez/VM4rkYZPg=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoTN7oU3LisYB/SDuVOmmlDk8yQZIQy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzKawLw++gtLW9s7tX3q8cVA+Pjmsn1bZNc8N4i6UyNd0YLZdC85YTTvJuZjiqWPJOPLmb551nbqxI9aObZjxSONIiEQydt576MZoimw3ooFYPG+FCZBPoCuqwUnNQ++oPU5Yrrh2TaG2PhpmLCjROMMlnlX5ueYZsgiPe86hRcRsVi4Fn5MI7Q5Kkxh/tyML9/aJAZe1Uxf6mQje269nc/C/r5S65iQqhs9xxzZYfJbkkLiXz7clQGM6cnHpAZoSflbAxGmTOd1TxJdD1lTehfdWgtEEfQijDGZzDJVC4hlu4hya0gIGCF3iD98AEr8HHsq5SsOrtFP4o+PwBijqPAw==</latexit><latexit sha1_base64="vII2k2D2AyOdkSRmYloO0RujhaA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqWy86LHoxWMF2yrtUrJptg1NskuSFcrSX+HFgyJe/Tne/Dem7R609cHA470ZZuZFqRTWBcE3Kq2tb2xulbcrO7t7+wfVw6O2TTLDeIslMjEPEbVcCs1bTjjJH1LDqYok70Tjm5nfeeLGikTfu0nKQ0WHWsSCUeelx15ETZ5O+6RfrQX1YA68SkhBalCg2a9+9QYJyxTXjklqbZcEqQtzapxgkk8rvczylLIxHfKup5oqbsN8fvAUn3llgOPE+NIOz9XfEzlV1k5U5DsVdSO77M3E/7xu5uKrMBc6zRzXbLEoziR2CZ59jwfCcObkxBPKjPC3YjaihjLnM6r4EMjyy6ukfVEnpE7uglrjuoijDCdwCudA4BIacAtNaAEDBc/wCm/IoBf0jj4WrSVUzBzDH6DPH8FmkFo=</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit>

p̄2
<latexit sha1_base64="X+5DORS7/z+UtJouVzgDKRufvwM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME85BkCb2TSTJkZnaZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsRuhzpJpr9orlf2KPwdZJUFOypCj3it9dfsxTSVTlgo0phP4iQ0z1JZTwabFbmpYgnSMQ9ZxVKFkJszmB0/JuVP6ZBBrV8qSufp7IkNpzERGrlOiHZllbyb+53VSO7gOM66S1DJFF4sGqSA2JrPvSZ9rRq2YOIJUc3croSPUSK3LqOhCCJZfXiXNaiUIKsH9Zbl2k8dRgFM4gwsI4ApqcAd1aAAFCc/wCm+e9l68d+9j0brm5TMn8Afe5w/EKpBf</latexit><latexit sha1_base64="X+5DORS7/z+UtJouVzgDKRufvwM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME85BkCb2TSTJkZnaZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsRuhzpJpr9orlf2KPwdZJUFOypCj3it9dfsxTSVTlgo0phP4iQ0z1JZTwabFbmpYgnSMQ9ZxVKFkJszmB0/JuVP6ZBBrV8qSufp7IkNpzERGrlOiHZllbyb+53VSO7gOM66S1DJFF4sGqSA2JrPvSZ9rRq2YOIJUc3croSPUSK3LqOhCCJZfXiXNaiUIKsH9Zbl2k8dRgFM4gwsI4ApqcAd1aAAFCc/wCm+e9l68d+9j0brm5TMn8Afe5w/EKpBf</latexit><latexit sha1_base64="X+5DORS7/z+UtJouVzgDKRufvwM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME85BkCb2TSTJkZnaZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsRuhzpJpr9orlf2KPwdZJUFOypCj3it9dfsxTSVTlgo0phP4iQ0z1JZTwabFbmpYgnSMQ9ZxVKFkJszmB0/JuVP6ZBBrV8qSufp7IkNpzERGrlOiHZllbyb+53VSO7gOM66S1DJFF4sGqSA2JrPvSZ9rRq2YOIJUc3croSPUSK3LqOhCCJZfXiXNaiUIKsH9Zbl2k8dRgFM4gwsI4ApqcAd1aAAFCc/wCm+e9l68d+9j0brm5TMn8Afe5w/EKpBf</latexit><latexit sha1_base64="X+5DORS7/z+UtJouVzgDKRufvwM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME85BkCb2TSTJkZnaZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsRuhzpJpr9orlf2KPwdZJUFOypCj3it9dfsxTSVTlgo0phP4iQ0z1JZTwabFbmpYgnSMQ9ZxVKFkJszmB0/JuVP6ZBBrV8qSufp7IkNpzERGrlOiHZllbyb+53VSO7gOM66S1DJFF4sGqSA2JrPvSZ9rRq2YOIJUc3croSPUSK3LqOhCCJZfXiXNaiUIKsH9Zbl2k8dRgFM4gwsI4ApqcAd1aAAFCc/wCm+e9l68d+9j0brm5TMn8Afe5w/EKpBf</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �

<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p1
<latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit><latexit sha1_base64="ug4ULyGrMqb3pzGWg2eyfEFxj0s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTKUw1ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTHBs8kYluh8ygFAobVliJ7VQji0OJrXB0O/NbT6iNSNSjHacYxGygRCQ4s056SHu0V674VX8OskpoTiqQo94rf3X7Cc9iVJZLZkyH+qkNJkxbwSVOS93MYMr4iA2w46hiMZpgMj91Ss6c0idRol0pS+bq74kJi40Zx6HrjJkdmmVvJv7ndTIbXQcTodLMouKLRVEmiU3I7G/SFxq5lWNHGNfC3Ur4kGnGrUun5EKgyy+vkuZFldIqvb+s1G7yOIpwAqdwDhSuoAZ3UIcGcBjAM7zCmye9F+/d+1i0Frx85hj+wPv8Af/FjZk=</latexit>

p2
<latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit> p2

<latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit><latexit sha1_base64="kqCBiGxY0Rkb8RkJsj8DyCBr3i4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpIRnUBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbRrVc+revdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifPwFYjZo=</latexit>

p̄
<latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit>

p̄
<latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit><latexit sha1_base64="E9DY3tlQ2lukrnHaTvSf3ihOO6U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vZn77CbXhqXy0E4VhQoeSx5xR66R2L6I6V9N+perX/DnIKgkKUoUCjX7lqzdIWZagtExQY7qBr2yYU205Ezgt9zKDirIxHWLXUUkTNGE+P3dKzp0yIHGqXUlL5urviZwmxkySyHUm1I7MsjcT//O6mY1vwpxLlVmUbLEozgSxKZn9TgZcI7Ni4ghlmrtbCRtRTZl1CZVdCMHyy6ukdVkLglrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvJevHfvY9G65hUzJ/AH3ucPmCSPug==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

p
<latexit sha1_base64="SOdwHJljNCpAjBqv2ZGkY55NH44=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9r+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2m2M9Q==</latexit><latexit sha1_base64="SOdwHJljNCpAjBqv2ZGkY55NH44=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9r+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2m2M9Q==</latexit><latexit sha1_base64="SOdwHJljNCpAjBqv2ZGkY55NH44=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9r+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2m2M9Q==</latexit><latexit sha1_base64="SOdwHJljNCpAjBqv2ZGkY55NH44=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9r+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2m2M9Q==</latexit>

p̄1
<latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="Osbwue7uNXkiYBKnNqtiS1u7+aU=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odhu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx85C4o5</latexit><latexit sha1_base64="vI7ZnzFC//ujXUSez/VM4rkYZPg=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoTN7oU3LisYB/SDuVOmmlDk8yQZIQy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzKawLw++gtLW9s7tX3q8cVA+Pjmsn1bZNc8N4i6UyNd0YLZdC85YTTvJuZjiqWPJOPLmb551nbqxI9aObZjxSONIiEQydt576MZoimw3ooFYPG+FCZBPoCuqwUnNQ++oPU5Yrrh2TaG2PhpmLCjROMMlnlX5ueYZsgiPe86hRcRsVi4Fn5MI7Q5Kkxh/tyML9/aJAZe1Uxf6mQje269nc/C/r5S65iQqhs9xxzZYfJbkkLiXz7clQGM6cnHpAZoSflbAxGmTOd1TxJdD1lTehfdWgtEEfQijDGZzDJVC4hlu4hya0gIGCF3iD98AEr8HHsq5SsOrtFP4o+PwBijqPAw==</latexit><latexit sha1_base64="vI7ZnzFC//ujXUSez/VM4rkYZPg=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoTN7oU3LisYB/SDuVOmmlDk8yQZIQy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzKawLw++gtLW9s7tX3q8cVA+Pjmsn1bZNc8N4i6UyNd0YLZdC85YTTvJuZjiqWPJOPLmb551nbqxI9aObZjxSONIiEQydt576MZoimw3ooFYPG+FCZBPoCuqwUnNQ++oPU5Yrrh2TaG2PhpmLCjROMMlnlX5ueYZsgiPe86hRcRsVi4Fn5MI7Q5Kkxh/tyML9/aJAZe1Uxf6mQje269nc/C/r5S65iQqhs9xxzZYfJbkkLiXz7clQGM6cnHpAZoSflbAxGmTOd1TxJdD1lTehfdWgtEEfQijDGZzDJVC4hlu4hya0gIGCF3iD98AEr8HHsq5SsOrtFP4o+PwBijqPAw==</latexit><latexit sha1_base64="vII2k2D2AyOdkSRmYloO0RujhaA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqWy86LHoxWMF2yrtUrJptg1NskuSFcrSX+HFgyJe/Tne/Dem7R609cHA470ZZuZFqRTWBcE3Kq2tb2xulbcrO7t7+wfVw6O2TTLDeIslMjEPEbVcCs1bTjjJH1LDqYok70Tjm5nfeeLGikTfu0nKQ0WHWsSCUeelx15ETZ5O+6RfrQX1YA68SkhBalCg2a9+9QYJyxTXjklqbZcEqQtzapxgkk8rvczylLIxHfKup5oqbsN8fvAUn3llgOPE+NIOz9XfEzlV1k5U5DsVdSO77M3E/7xu5uKrMBc6zRzXbLEoziR2CZ59jwfCcObkxBPKjPC3YjaihjLnM6r4EMjyy6ukfVEnpE7uglrjuoijDCdwCudA4BIacAtNaAEDBc/wCm/IoBf0jj4WrSVUzBzDH6DPH8FmkFo=</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit>
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<latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="Osbwue7uNXkiYBKnNqtiS1u7+aU=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odhu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx85C4o5</latexit><latexit sha1_base64="vI7ZnzFC//ujXUSez/VM4rkYZPg=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoTN7oU3LisYB/SDuVOmmlDk8yQZIQy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzKawLw++gtLW9s7tX3q8cVA+Pjmsn1bZNc8N4i6UyNd0YLZdC85YTTvJuZjiqWPJOPLmb551nbqxI9aObZjxSONIiEQydt576MZoimw3ooFYPG+FCZBPoCuqwUnNQ++oPU5Yrrh2TaG2PhpmLCjROMMlnlX5ueYZsgiPe86hRcRsVi4Fn5MI7Q5Kkxh/tyML9/aJAZe1Uxf6mQje269nc/C/r5S65iQqhs9xxzZYfJbkkLiXz7clQGM6cnHpAZoSflbAxGmTOd1TxJdD1lTehfdWgtEEfQijDGZzDJVC4hlu4hya0gIGCF3iD98AEr8HHsq5SsOrtFP4o+PwBijqPAw==</latexit><latexit sha1_base64="vI7ZnzFC//ujXUSez/VM4rkYZPg=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoTN7oU3LisYB/SDuVOmmlDk8yQZIQy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzKawLw++gtLW9s7tX3q8cVA+Pjmsn1bZNc8N4i6UyNd0YLZdC85YTTvJuZjiqWPJOPLmb551nbqxI9aObZjxSONIiEQydt576MZoimw3ooFYPG+FCZBPoCuqwUnNQ++oPU5Yrrh2TaG2PhpmLCjROMMlnlX5ueYZsgiPe86hRcRsVi4Fn5MI7Q5Kkxh/tyML9/aJAZe1Uxf6mQje269nc/C/r5S65iQqhs9xxzZYfJbkkLiXz7clQGM6cnHpAZoSflbAxGmTOd1TxJdD1lTehfdWgtEEfQijDGZzDJVC4hlu4hya0gIGCF3iD98AEr8HHsq5SsOrtFP4o+PwBijqPAw==</latexit><latexit sha1_base64="vII2k2D2AyOdkSRmYloO0RujhaA=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqWy86LHoxWMF2yrtUrJptg1NskuSFcrSX+HFgyJe/Tne/Dem7R609cHA470ZZuZFqRTWBcE3Kq2tb2xulbcrO7t7+wfVw6O2TTLDeIslMjEPEbVcCs1bTjjJH1LDqYok70Tjm5nfeeLGikTfu0nKQ0WHWsSCUeelx15ETZ5O+6RfrQX1YA68SkhBalCg2a9+9QYJyxTXjklqbZcEqQtzapxgkk8rvczylLIxHfKup5oqbsN8fvAUn3llgOPE+NIOz9XfEzlV1k5U5DsVdSO77M3E/7xu5uKrMBc6zRzXbLEoziR2CZ59jwfCcObkxBPKjPC3YjaihjLnM6r4EMjyy6ukfVEnpE7uglrjuoijDCdwCudA4BIacAtNaAEDBc/wCm/IoBf0jj4WrSVUzBzDH6DPH8FmkFo=</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit><latexit sha1_base64="f8rRdIcBGHObsYIV+zFBVoEdhV0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6sNOEBZKMFI84JdZJj/2Q6CyZDfCgWvPr/hxoleCC1KBAc1D96g9jmkqmLBXEmB72ExtkRFtOBZtV+qlhCaETMmI9RxWRzATZ/OAZOnPKEEWxdqUsmqu/JzIijZnK0HVKYsdm2cvF/7xeaqPrIOMqSS1TdLEoSgWyMcq/R0OuGbVi6gihmrtbER0TTah1GVVcCHj55VXSvqhjXMf3l7XGTRFHGU7gFM4BwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w/CppBe</latexit>

p̄2
<latexit sha1_base64="X+5DORS7/z+UtJouVzgDKRufvwM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME85BkCb2TSTJkZnaZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsRuhzpJpr9orlf2KPwdZJUFOypCj3it9dfsxTSVTlgo0phP4iQ0z1JZTwabFbmpYgnSMQ9ZxVKFkJszmB0/JuVP6ZBBrV8qSufp7IkNpzERGrlOiHZllbyb+53VSO7gOM66S1DJFF4sGqSA2JrPvSZ9rRq2YOIJUc3croSPUSK3LqOhCCJZfXiXNaiUIKsH9Zbl2k8dRgFM4gwsI4ApqcAd1aAAFCc/wCm+e9l68d+9j0brm5TMn8Afe5w/EKpBf</latexit><latexit sha1_base64="X+5DORS7/z+UtJouVzgDKRufvwM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME85BkCb2TSTJkZnaZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsRuhzpJpr9orlf2KPwdZJUFOypCj3it9dfsxTSVTlgo0phP4iQ0z1JZTwabFbmpYgnSMQ9ZxVKFkJszmB0/JuVP6ZBBrV8qSufp7IkNpzERGrlOiHZllbyb+53VSO7gOM66S1DJFF4sGqSA2JrPvSZ9rRq2YOIJUc3croSPUSK3LqOhCCJZfXiXNaiUIKsH9Zbl2k8dRgFM4gwsI4ApqcAd1aAAFCc/wCm+e9l68d+9j0brm5TMn8Afe5w/EKpBf</latexit><latexit sha1_base64="X+5DORS7/z+UtJouVzgDKRufvwM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME85BkCb2TSTJkZnaZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsRuhzpJpr9orlf2KPwdZJUFOypCj3it9dfsxTSVTlgo0phP4iQ0z1JZTwabFbmpYgnSMQ9ZxVKFkJszmB0/JuVP6ZBBrV8qSufp7IkNpzERGrlOiHZllbyb+53VSO7gOM66S1DJFF4sGqSA2JrPvSZ9rRq2YOIJUc3croSPUSK3LqOhCCJZfXiXNaiUIKsH9Zbl2k8dRgFM4gwsI4ApqcAd1aAAFCc/wCm+e9l68d+9j0brm5TMn8Afe5w/EKpBf</latexit><latexit sha1_base64="X+5DORS7/z+UtJouVzgDKRufvwM=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME85BkCb2TSTJkZnaZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqyho0FrFuR2iY4Io1LLeCtRPNUEaCtaLx7cxvPTFteKwe7CRhocSh4gNO0TrpsRuhzpJpr9orlf2KPwdZJUFOypCj3it9dfsxTSVTlgo0phP4iQ0z1JZTwabFbmpYgnSMQ9ZxVKFkJszmB0/JuVP6ZBBrV8qSufp7IkNpzERGrlOiHZllbyb+53VSO7gOM66S1DJFF4sGqSA2JrPvSZ9rRq2YOIJUc3croSPUSK3LqOhCCJZfXiXNaiUIKsH9Zbl2k8dRgFM4gwsI4ApqcAd1aAAFCc/wCm+e9l68d+9j0brm5TMn8Afe5w/EKpBf</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
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=⇒ a b
1

(p+ p̄1)2
= a b

1

n̄ · p n · p̄1

= C3 , (5.45)

where again matching yields

C3

(
µM
)

= a
(
µM
)
b
(
µM
) 1

n̄ · p n · p̄1

= C3

(
µM
) 1

n̄ · p n · p̄1

. (5.46)

These are independent local operators, so we will run their Wilson coefficients separately.

This is another difference from SCET with gauge bosons, where these coefficients will be

related to each other though the enforcement of gauge invariance. Practically, this will

manifest as the appearance of Wilson lines in the QCD local operators. Then we will

interpret the Wilson lines as summing the tower of operators generated by the QCD analogy

to Eq. (5.42) and Eq. (5.45). The implication is that the QCD versions of C2, C3, C3,

. . . should be treated as the same Wilson coefficient, see Sec. 6 B.

The presence of inverse derivatives in the local interaction might appear strange,

especially since inverse derivatives are often a harbinger of non-locality. However, within the

EFT, the components of the derivatives that appear in these denominators are “large” in

that they power count as O(1). This implies that one can not access the non-local nature of

these interactions within the EFT, and as such our interpretation that these objects make

a contribution to the set of SCET local operators is self-consistent. Next, we will use these

local operators to model the IR of the Sudakov process, and run the Wilson coefficients to

sum the large double log.

G. Summing Sudakov Logs with Scalar SCET

Now that we have the relevant Feynman rules for the scalar SCET that will model the

massless Sudakov double log, we can construct the one-loop diagrams, and use them to derive
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the RGE for the Wilson coefficient C2. The relevant scales in the problem are schematically
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(5.47)

As anticipated when we performed our regions analysis in Sec. 4 A, there will be four

contributions: hard with canonical scale M , (anti-)collinear with canonical scale P 2
(
P̄ 2
)
,

and ultrasoft with canonical scale P 2 P̄ 2/M2. SCET will allow us to separate scales at

µM , to absorb the hard scale into a Wilson coefficient through matching, and then sum the

logarithms within the EFT by running them to a common scale µL. For consistency, we

will only run C2, since it is the Wilson coefficient for the leading power local operator that

generates our two light-like directions. The operators with Wilson coefficients C3 and C3 are

higher power, so their running begins as the next loop order. Along the way, we will carefully

track power counting, to justify that we have derived the leading power contributions to our

RGE. We will need a subset of the interactions derived above in Eq. (5.20):

LInt
EFT ⊃

ac
3!
φ3
c +

ac̄
3!
φ3
c̄ +

aus
2
φ2
c φus +

aus
2
φ2
c̄ φus , (5.48)

where ac = ac̄ = aus = aus = a at the matching scale, and we have not included the φ3
us

interaction since it does not play a role in our one-loop calculation. Two classes of diagrams

contribute at one loop, a pair where a (anti-)collinear particle runs in the loop (see Eq. (5.52)

and Eq. (5.53)), and one where an ultrasoft particle is exchanged between the two light-like

lines (see Eq. (5.56)).

Before we calculate, we should understand how power counting determines which

diagrams contribute to the scalar Sudakov process at one loop. We will choose to assign a

power counting to the current J , although this is not typically done since all that matters is
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power counting relative to the lowest order diagram that reproduces the process of interest.98

First, note that our local operator given in Eq. (5.37) is schematically of the form
∫

d4x J φc φc̄ ∼ λJ ×
1

λ2
, (5.49)

where we have used that d4x ∼ λ−4 for collinear fields, and λJ is the power counting

associated with the current. Our goal is to sum corrections to this tree-level operator. We

know from the full theory calculation leading to Eq. (4.48), that the one-loop corrections will

yield a double logarithm log2 λ at leading power. This is in contrast with our heavy-light

example above in Sec. 3 E, where our full theory yielded a power suppressed correction of the

form λ log λ. We should therefore choose the power counting of J such that this operator

power counts as ∼ O(1). Concretely, this implies that λJ ∼ λ2, which then feeds into the

determination for the power counting of the local operators in Eq. (5.37) and Eq. (5.39) that

will contribute to our process of interest:
∫

d4x J φc φc̄ ∼ O(1)

∫
d4x J φ2

c φc̄ ∼ λ

∫
d4x J φc φ

2
c̄ ∼ λ , (5.50)

where again we have used that d4x ∼ λ−4 for collinear fields and λJ ∼ λ2.

We also need the power counting for the interactions in Eq. (5.48):
∫

d4xφ3
c ∼

1

λ

∫
d4xφ3

c̄ ∼
1

λ
∫

d4xφ2
c φus ∼ O(1)

∫
d4xφ2

c̄ φus ∼ O(1) , (5.51)

where we again use d4x ∼ λ−4 as relevant for collinear momenta, since these dominate

the Fourier transform kernel in Eq. (5.6). The operators that scale as λ−1 are super-

leading power. Therefore, sub-leading power local operators multiplied by a super-leading

power interaction can contribute at leading power. Working with super-renormalizable

couplings in an EFT is analogous to working in a relativistic theory where one can construct

a dimensionless operator from the combination of a2/M2, a diagram that involves two

insertions of a mass dimensionful couplings a, and an insertion of a higher dimension operator

suppressed by 1/M2.

Now our task is to find one-loop contributions to Eq. (5.37), which scale as O(1). Note

98 Obviously, one does not want the source to power count at O(1), since its purpose is to simply model a

hard energy injection into the EFT. One way of thinking about what we are doing here is that we are

modeling an exclusive matrix element utilizing the Lagrangian of the EFT degrees of freedom. The source

J cannot play a non-trivial role since it is external to the EFT. Any conclusions you might try to draw

from the power counting of J are irrelevant to our goal of modeling the Sudakov process.
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since a carries unit mass dimension, the appropriate compensating factors of 1/M must (and

will) be generated by a combination of the matching coefficients and the loops themselves.

Computing these loops, extracting the RGE equations, and solving them is the topic of the

rest of this section.

The Collinear Diagrams

First, we will analyze the diagram with a collinear mode running in the loop. Using the

Feynman rules and power counting of the previous section, the leading contribution is99
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<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�us
<latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit>

=

∫
d4`

(2π)4
C3(µ, n · `, n̄ · `) ac(µ)

1

`2

1

(`+ p)2

=
C3(µ) ac(µ)

n · p̄

∫
d4`

(2π)4

1

n̄ · `
1

`2

1
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, (5.52)

where in the second step we have used the matching coefficient derived in Eq. (5.43).

Note that the two propagator factors are from the loop, while the additional kinematic

denominator comes from the Wilson coefficient. This diagram is built out of an insertion of

the local operator φ2
c φc̄ and the interaction φ3

c . The scalings in Eq. (5.50) and Eq. (5.51)

imply that the diagram scales as O(1).

Next, we can compute the diagram where an anti-collinear mode runs in the loop:

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>
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=
C3(µ) ac̄(µ)

n̄ · p

∫
d4`

(2π)4

1

n · `
1

`2

1

(`+ p̄)2
. (5.53)

Similar to Eq. (5.52), this contribution scales as O(1).

Although we are renormalizing C2, these diagrams are proportional to C3 and C3,

implying operator mixing. As already stated, we can self-consistently ignore the running of

C3 and C3 at this loop order since they are high power operators.

99 Naively, one might expect a symmetry factor of 1/2 for this diagram. However, the SCET φ2
c φc̄ vertex

treats the two φc states differently, so this accounts for its absence.
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The Ultrasoft Diagram

Now we turn to the remaining SCET diagram at leading power and one loop, which

involves an ultrasoft exchange. To get the correct factors for the soft sector diagram,100

we need to be careful about momentum labels. We separate label and residual momentum

power counting as above, see Eq. (5.23) and Eq. (5.24):

p = (pL, pr) ∼
((

0, 1, λ
)
,
(
λ2, λ2, λ2

))

p̄ =
(
p̄L, p̄r

)
=
((

1, 0, λ
)
,
(
λ2, λ2, λ2

))

pus =
(
0, pus,r

)
=
(

0,
(
λ2, λ2, λ2

))
. (5.54)

Then the momentum flowing through the collinear and anti-collinear propagators respec-

tively is given by the inverse of the 2 operator appropriately power counted for our setting

2−1
c+us =

(
Pc + pr + pus

)−2
=
(
P2
c,⊥ + n̄ · Pc n · pus,r

)−1
+O

(
λ3
)

2−1
c̄+us =

(
Pc̄ + p̄r + pus

)−2
=
(
P2
c̄,⊥ + n · Pc̄ n̄ · pus,r

)−1
+O

(
λ3
)

2−1
us = p−2

us . (5.55)

Then we can apply this to the propagators appearing in our loop diagram with the

identification pus = `. We point the collinear momentum p out of the diagram, while p̄

points in as above, and we take p2 = p̄2 = 0, which implies that the P2
c,⊥ = 0. The ultrasoft

propagator simply implies a factor of 1/`2. The resultant ultrasoft exchange EFT diagram

is then
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<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>
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= C2 aus aus

∫
d4`

(2π)4

1

`2

1

n̄ · p n · `
1

n · p̄ n̄ · ` . (5.56)

This diagram is built out of an insertion of the local operator φc φc̄ and the interactions φ2
c φus

and φ2
c̄ φus. Using the scalings in Eq. (5.50) and Eq. (5.51), we find that this contribution

power counts asO(1), and so it contributes at the same order as the (anti-)collinear diagrams.

This completes the relevant leading power one-loop diagrams required to sum the Sudakov

100 In gauge theory, these considerations are streamlined through the use of Wilson lines, see Sec. 6 C. Wilson

lines including scalars show up in supersymmetric theories, see e.g. [143].
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double log. Deriving the RGEs is the topic of the next section.

Summation

Now we have the one-loop leading power diagrams within scalar SCET that model the IR

of the Sudakov process, Eq. (5.52), Eq. (5.53), and Eq. (5.56). Note that these loops are all

IR divergent (in fact they are scaleless when p2 = p̄2 = 0). Therefore, we must regulate the

IR to extract the UV divergence. We might as well regulate them using same procedure as

in Eq. (4.47), where we took p and p̄ slightly off-shell. As mentioned before, one can think

of this physically as a two jet final state, with non-vanishing jet masses, whose scale is set

by −p2 = P 2 6= 0 and −p̄2 = P̄ 2 6= 0. So we will add IR mass regulators by hand to these

integrals.

Before we renormalize, we note that the Full Theory wave function renormalization

vanishes
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�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>
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where the 1/2 is a symmetry factor. Since this is not proportional to p2, it yields mass

renormalization.101 Exactly the same argument holds in the EFT. Therefore, one-loop

renormalization only requires subtracting the divergences from vertex corrections.

• Exercise: Convince yourself that the one-loop wave function renormalization for the

collinear scalar vanishes in SCET. There is a possible contribution to consider from

both a (anti-)collinear loop and a soft loop.

Next, we define counter terms C0
2 = Z2C2, see Eq. (3.35) above. Then we can use Z2 to

compute the anomalous dimension for the C2 Wilson coefficient within the EFT. We do this

101 Note that this comment regarding mass renormalization is technically not quite right since we are

regulating the IR with p2. If p2 = 0, then the particle is on-shell you get scaleless integral that vanishes.

When using dim reg, a contribution to the mass of φ requires a non-zero mass.
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by summing the tree plus collinear, anti-collinear, and ultrasoft diagrams,

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�
<latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit><latexit sha1_base64="SQ5JIZqaFZBgh4E5xGY7eS+W5iM=">AAAB63icdVDLSsNAFL3xWeur6tLNYBFclUnxuSu6cVnBPqANZTKdNEMnkzAzEUroL7hxoYhbf8idf+OkjVBFD1w4nHMv997jJ4Jrg/Gns7S8srq2Xtoob25t7+xW9vbbOk4VZS0ai1h1faKZ4JK1DDeCdRPFSOQL1vHHN7nfeWBK81jem0nCvIiMJA84JSaX+s2QDypVXMMzoAVyVcf47By5hVKFAs1B5aM/jGkaMWmoIFr3XJwYLyPKcCrYtNxPNUsIHZMR61kqScS0l81unaJjqwxRECtb0qCZujiRkUjrSeTbzoiYUP/2cvEvr5ea4NLLuExSwySdLwpSgUyM8sfRkCtGjZhYQqji9lZEQ6IINTaesg3h+1P0P2nXay6uuXen1cZ1EUcJDuEITsCFC2jALTShBRRCeIRneHEi58l5dd7mrUtOMXMAP+C8fwEB3I41</latexit> �

<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

+

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�us
<latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit>

+

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�us
<latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit>

+

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>
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+ counterterm

= C2

[
1 +

(
ac
C3

C2

Ic + ac̄
C3

C2

Ic̄ + aus ausC2 Ius
)
−
(
Z2 − 1

)]
, (5.58)

whose evaluation is given in Eq. (4.47). Solving for the MS counter term yields

Z2 − 1 = − 1

8π2

1

M2

[
ac
C3

C2

(
− 1

ε2
− 1

ε
log

µ2

P 2

)
+ ac̄

C3

C2

(
− 1

ε2
− 1

ε
log

µ2

P̄ 2

)

+ aus aus

(
1

ε2
+

1

ε
log

µ2M2

P 2 P̄ 2

)]
. (5.59)

We compute the anomalous dimensions for C2 following the same procedure as in

Eq. (3.43) and Eq. (3.44), but keeping track of the fact that in this case Z2 explicitly

depends on log µ2. Start with

γ = − 1

Z2

dZ2

d log µ2
. (5.60)

Although we are not going to include the running for any of the a’s (these contribute to the

running of C2 at higher order), C3, or C3 (these are power suppressed as mentioned above),

we need to be cognizant of the fact that in d = 4 − 2ε dimensions they develop tree-level

µ dependence to maintain consistent mass dimension. Following the exact same steps that

led to Eq. (3.40), we find the leading order expression

dC2

d log µ2
= 0

dC3

d log µ2
= − ε

2
C3

dC3

d log µ2
= − ε

2
C3

dac, c̄, us, us
d log µ2

= − ε
2
ac, c̄, us, us

[
leading order

]
. (5.61)

We can then iterate our solution as we did to derive Eq. (3.39) above, which gives us a
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general form of the one-loop anomalous dimensions102

γ = lim
ε→0

1
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2
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∂ac
+
ε

2
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2
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2
aus

∂Z2

∂aus

+
ε

2
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∂Z2

∂C3

+
ε

2
C3

∂Z2

∂C3

− ∂Z2

∂ log µ2

) [
one loop

]
. (5.62)

Plugging in the explicit leading order expression for Z2 from Eq. (5.59), we have

γ =
1

8π2

1

M2

(
−aus aus log

µ2M2

P 2 P̄ 2
+ ac

C3

C2

log
µ2

P 2
+ ac̄

C3

C2

log
µ2

P̄ 2

)
. (5.63)

Finally, we can use the general form given in Eq. (3.46) above, to write down the RGE

equation:

dC2

d log µ2
=

1

8π2

1

M2

(
−aus ausC2 log

µ2M2

P 2 P̄ 2
+ acC3 log

µ2

P 2
+ ac̄C3 log

µ2

P̄ 2

)
, (5.64)

which can be solved to sum the Sudakov double log!

The explicit full solution is not particularly illuminating, so we will not write it here,

in contrast with the beautiful result provided for gauge theory in Eq. (6.94) below. The

difference comes from the fact that C3 does not run at this loop order, while in the gauge

theory case, the analogous Wilson coefficient does run.

There is plenty we can still learn by studying the leading order expanded solution to our

RGE in Eq. (5.64). Specifically, the algebra is non-trivial due to the presence of squared

logarithms, so it is an instructive exercise to see explicitly how all the moving parts work

together. To this end, we solve this RGE keeping only the leading log squared terms:103

C2

(
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)
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=C2

(
µM
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+
1

16π2

[(
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− acC3 log
P 2
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log

µ2
M

µ2
L

]

[
LL
]
, (5.65)

where all the scale dependent terms in the brackets are evaluated at the matching scale µM .

102 For simplicity we will compute the total anomalous dimension directly, which clearly includes the effects

of operator mixing since γ depends on both C2 and C3.
103 This expression has been simplified using the fact that

log2H − log2 L− 2 logX log
H

L
= log2 H

L
− 2 log

X

L
log

H

L
.
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• Exercise: Derive Eq. (5.65) from Eq. (5.64).

Using our tree-level matching relations at µM , namely ac = ac̄ = aus = aus = a and

C3 = C3 = aC2, we can simplify Eq. (5.65), yielding

C2

(
µL
)

Expanded
=C2

(
µM
) [

1− 1

16π2

a2

M2

(
log2 µ

2
M

µ2
L

− 2 log
µ2
M

µ2
L

log
M2

µ2
L

)] [
LL
]
. (5.66)

Next we can compute the hard matching one-loop correction at scale µM

−



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�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�us
<latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit>

+

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�us
<latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit><latexit sha1_base64="l7Liv43ETB4M7R3EYVPywYKbbHI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSJcxOOsmQmdllZlYIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dpMR72WpmfbKFb/qz0FWSZCTCuSo98pf3X7MUonKMkGN6QR+YsOMasuZwGmpmxpMKBvTIXYcVVSiCbP5wVNy5pQ+GcTalbJkrv6eyKg0ZiIj1ympHZllbyb+53VSO7gOM66S1KJii0WDVBAbk9n3pM81MismjlCmubuVsBHVlFmXUcmFECy/vEqaF9UgqAb3l5XaTR5HEU7gFM4hgCuowR3UoQEMJDzDK7x52nvx3r2PRWvBy2eO4Q+8zx9AlZCx</latexit>

+

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c
<latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit><latexit sha1_base64="hRUNTRZPNkY0CZ7MMvxdxrAZIzQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdYrV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVENgmpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPh2KPFg==</latexit>

�c̄
<latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit><latexit sha1_base64="YyrrABmVu6eO+djIZ2sGjWIRtds=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAby2S7aZduNmF3o5SQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPxzdRvPzKleSzvzSRhfoRDyUNO0VjpoZeMeD/rBagymuf9StWtuTOQZeIVpAoFGv3KV28Q0zRi0lCBWnc9NzF+hspwKlhe7qWaJUjHOGRdSyVGTPvZ7OqcnFplQMJY2ZKGzNTfExlGWk+iwHZGaEZ60ZuK/3nd1IRXfsZlkhom6XxRmApiYjKNgAy4YtSIiSVIFbe3EjpChdTYoMo2BG/x5WXSOq95Xs27u6jWr4s4SnAMJ3AGHlxCHW6hAU2goOAZXuHNeXJenHfnY9664hQzR/AHzucPHeCS5w==</latexit>
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
 = Ih , (5.67)

where Ih is the hard integral given above in Eq. (4.46), and its evaluation is given in

Eq. (4.47). Extracting the leading log, we see that
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Then we can use this as a high scale boundary condition for our RGE. Plugging this into the

expanded solution given in Eq. (5.66) to run to the low scale derives the expanded Wilson

coefficient C(µL):
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where the first parenthesis of the first line is from the tree and one-loop hard scale matching,

and the term in brackets is from solving the RGE. This shows how our matching and running

approach yields the low scale result for the Wilson coefficient.

Finally, to derive the full LL + NLO expanded result, we can compute the one-loop

corrections at the low scale (using our P 2 and P̄ 2 IR regulators) to leading log order. But

this is just the corrections from Ic + Ic̄ + Ius evaluated at µL, which gives us the low scale
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one-loop correction
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exactly the form we expected.

So to summarize, our expanded leading log summed massless scalar Sudakov including

the high scale and low scale threshold corrections is

C2

(
µL
)

Expanded
= b

[
1− 1

16π2

a2

M2

(
log2 µ

2
M

µ2
L

− 2 log
µ2
M

µ2
L

log
M2

µ2
L

)]

×
[
1 +

1

16π2

a2

M2

(
log2 M

2

µ2
M

− log2 µ
2
L

P 2
− log2 µ

2
L

P̄ 2
+

1

2
log2 µ

2
LM

2

P 2 P̄ 2

)]

[
LL + NLO

]
, (5.71)

where we have dropped the finite terms. This demonstrates that the separation of scales

has been achieved: the first line includes the double log terms that are summed by the full

solution to the RGE in Eq. (5.64), and the fixed order logs are written in the second line.

• Exercise: Note that while we have achieved our goal of summing the Sudakov double

log, we have not actually completed our task of making all the logs small. In particular,

if we make the scale choice µ2
M ∼M2 and µ2

L ∼ P 2, P̄ 2, one fixed order log remains large

due to the simultaneous presence of (anti-)collinear and ultrasoft modes. To make all the

logs small requires an extra step of matching at the collinear scale P 2 onto a theory with

only the ultrasoft modes. This will have the effect of introducing yet another RG scale

such that it can be chosen to make the ultrasoft fixed order log small. Your exercise is

to perform this additional matching explicitly to minimize all the leading logs. Note that

we will come at this from a slightly different angle below in gauge theory by proving a

factorization theorem that implements this additional matching automatically.

Note that our RGE was complicated by the fact that C2 runs at one-loop, while C3

does not. This can be tracked to the fact that the power counting of the local operators in

Eq. (5.50), which in turn results from the power counting for the scalars. If we wanted to

perform an NLL summation, we would need the set of two loop diagrams, and an operator

of the schematic form C4 φ
3
c φc̄ (and others) would contribute. This is due to the interplay

of our super-leading power interaction and the inherent non-renormalizability of our EFT

expansion; at each order in perturbation theory higher power operators are required for

consistency. As we will show in what follows, this issue does not arise for gauge bosons,
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where all relevant interactions and local operators power count asO(1). Furthermore, we will

see that the gauge theory factorizes into a set of functions that have their own independent

RGEs. Highlighting these differences, and showing how the LL summation is performed for

QCD are the subject of the next section.

6. SCET in the Real World

Building on the technology developed so far, this section will highlight some new

features that emerge when working with SCET for gauge theories with fermions, i.e., QCD.

Obviously, the two main complications that take us beyond our toy scalar theory are the fact

that now particles carry spin, and that we have to keep track of charge conservation/gauge

invariance. We will explain the soft and collinear expansion for gauge bosons, we will show

how to take the collinear limit of fermions, we will discuss the connections between collinear

Wilson lines and local operators, and between soft Wilson lines and factorization. All of this

physics is explained in more detail elsewhere (including many applications and examples),

e.g. [122, 142, 144] for some reviews. See Primer A for some conventions that we will need

for the first time here.

A. Soft and Collinear Gauge Bosons

We start with a non-Abelian SU(N) gauge theory and assume that the only modes which

contribute to our process of interest are collinear, anti-collinear, and ultrasoft. In analogy

with Eq. (5.4), we expand our gauge field into these separate modes as

Aµ(x) = Aµc (x) + Aµc̄ (x) + Aµus(x) , (6.1)

with the understanding that each field is restricted have the momentum scaling in Eq. (4.43).

These expressions implicitly assume that if the theory is non-Abelian, then the fields are

matrices, Aµ ≡ Aaµ T
a.

Power Counting

Next, we can derive the scalings for the gauge fields. If our modes are going to behave

as propagating spin one degrees of freedom in the IR, then they must each have a notion of

gauge invariance within the EFT. Therefore, the SCET gauge boson kinetic terms will take

the form F 2
µν , and each will have a Feynman propagator that takes the standard form (in
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Rξ-gauge):

〈
0
∣∣TAµ0(x)Aν0(x)

∣∣0
〉

=

∫
d4p

(2π)4

−i
p2 + i0

[
gµν − (1− ξ) p

µ pν

p2

]

=

∫
d4p

(2π)4

−i
p4 + i0

[
p2 gµν − (1− ξ) pµ pν

]
, (6.2)

where Aµ0 is a free field. Noting that d4p/p4 ∼ O(1), the term in brackets in the second line

exactly tracks the power counting of the combination AµAν , so we will use this to determine

the power counting for the different components of Aµ.

First, we will infer the power counting for collinear gauge bosons Aµc , where collinear

points in the nµ direction. Recall that collinear momentum has virtuality p2
c ∼ λ2. Taking

the µ and ν indices to be in the ⊥ direction, we find that schematically the term in brackets

scales as λ2g⊥ − (1− ξ)λ2. This tells us that Aµ⊥c ∼ λ. Next, we project Aµ onto n and n̄.

Recall that nµ nν g
µν = n̄µ n̄ν g

µν = 0, see Eq. (4.4). Then n ·Ac n ·Ac ∼ (1−ξ)
(
n ·pc

)2 ∼ λ4,

and so n · Ac ∼ λ2. Similarly, n̄ · Ac n̄ · Ac ∼ (1− ξ)
(
n̄ · pc

)2 ∼ O(1), and so n̄ · Ac ∼ O(1).

Putting this all together, we see that the power counting for the components of the collinear

gauge boson scales in the same way as the components of its momentum. One can check

that the implications for the scaling of the mixed projection n · A n̄ · A is self consistent.104

The scaling for the anti-collinear gauge field Aµc̄ follows from identical reasoning, with

n↔ n̄. The ultrasoft gauge field Aµus should not have a preferred direction since soft fields

are homogeneous. It is easy to check that all projections yield a scaling Aµus ∼ λ2. To

summarize105

Aµc ∼
(
λ2, 1, λ

)
Aµc̄ ∼

(
1, λ2, λ

)
Aµus ∼

(
λ2, λ2, λ2

)
. (6.3)

• Exercise: Convince yourself that the scaling of the components of the gauge boson

should exactly follow the scaling of the components of its momentum.

104 One should be wary of the fact that these scalings are not gauge invariant (note the presence of ξ in

expressions), and additionally we are neglecting any discussion of ghosts, which can generically appear

depending on the gauge choice.
105 A quick derivation uses that the scaling of the gauge boson had to track its momentum if there was

going to be any consistent notion of a covariant derivative Dµ = ∂µ − ig Aµ with which one could build

Fµν = (i/g)
[
Dµ, Dν

]
. However, note the momentum of a charged field is not gauge invariant, so again we

emphasize that care should be taken when interpreting these scalings.
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Interactions

Now we have the tools we need to take the Full Theory non-Abelian gauge boson

Lagrangian and expand it by power counting in λ [138, 140, 145, 146]. Gauge fixing

and ghosts are treated in the standard way. However, the power counting tells us what

interactions are allowed by momentum conservation within our SCET theory, in exact

analogy with Sec. 5 D and Sec. 5 E above. For instance, we should multipole expand

and power count our interactions as above, which tells us schematically that three-point

interactions take the form (see Eq. (5.20) above):

Lint ⊃ g Aus
(
n̄ · x

)
Ac
(
x
)
Ac
(
x
)
, (6.4)

so that when working in momentum space, we must be careful to include label dependence

and power counting for soft interactions with collinear gauge bosons.

There is one new feature due to the fact that the different components of the gauge field

have different scalings. The only component of the ultrasoft gauge boson that is not power

suppressed with respect to the corresponding component of the collinear gauge boson is

n · Aus ∼ λ2 compared to n · Ac ∼ λ2. This tells us that when computing interactions, we

should replace

Aµ(x) −→
(
n · Aµc (x) + n · Aus

(
n̄ · x

)) n̄µ
2

+ n̄ · Ac(x)
nµ

2
+ Aµ⊥c . (6.5)

Then a Feynman rule for interacting two hard gauge bosons with a soft gauge boson takes

the form

c
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

c
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

us
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

c
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

c
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

us
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> = g fabc n̄ · p nµgνρ , (6.6)

where we have drawn lines through the collinear gauge bosons as is standard practice, and

the momentum pµ is for the collinear gauge boson associated with either Lorentz index ν or

ρ. The ultrasoft gauge boson has a Lorentz index µ, i.e., it must be contracted with nµ as

follows from Eq. (6.5). Interactions between anti-collinear and ultrasoft work similarly with

the replacement c↔ c̄ and n↔ n̄. The full set of Feynman rules can be found in [142].

Gauge Transformations

In order to determine the gauge transformations of the SCET fields, we can multipole

expand the gauge transformation in analogy with Eq. (5.17), see Primer A for a review of
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the relevant conventions. This will imply that each sector has its own independent gauge

transformations:

Uc(x) = exp
(
iαac (x)T a

)

Uus(x) = exp
(
iαaus(x)T a

)
, (6.7)

and similar for anti-collinear. If these transformations are going to consistently shift the

appropriate gauge fields, they must have a scaling

n · ∂ αac (x) ∼ λ2 αac (x)

n̄ · ∂ αac (x) ∼ λ0 αac (x)

∂⊥ ,µα
a
c (x) ∼ λαac (x)

∂µα
a
us(x) ∼ λ2 αaus(x) . (6.8)

Then using these scalings, we can power expand the gauge invariance of the Full Theory to

separate soft and collinear transformations in the EFT, yielding

c :
Aµc −→ UcA

µ
c U
†
c − i

g

([
∂µ − ig n̄µ

2
n · Aus(n̄ · x)

]
Uc
)
U †c

Aµus −→ Aµus

, (6.9)

s :
Aµc −→ Uus(n̄ · x)Aµc U

†
us(n̄ · x)

Aµus −→ UusA
µ
us U

†
us + i

g

(
∂µUus

)
U †us

where the anti-collinear gauge field does not transform under collinear transformations, and

the anti-collinear transformations take the same form as in Eq. (6.9) with the replacement

n↔ n̄.

Note that there is a global transformation under which the collinear and ultrasoft sectors

transform equivalently. We can choose to identify this global transformation with the

ultrasoft local transformation. Then in order to avoid double counting, we must set the

boundary condition

Uc(n · x→ −∞) = 1 . (6.10)

This is a symmetry of the EFT and holds to all powers.106

106 One way to derive these gauge transformations is to use the background field method, see e.g. [147] for a

review. The collinear modes see the softs as slowly varying background fields, which allows one to justify

separating the gauge transformations and fixing the collinear transformation at infinity.
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Reparametrization Invariance

Finally, we note that RPI for the gauge boson is straightforward to derive since Aµ is

a Lorentz vector, and as such the total gauge field is RPI invariant. The discussion in

Primer D provided the RPI transformations for the vectors nµ and n̄µ. Therefore, if one

wishes to check RPI involving components of the gauge boson, all that must be tracked is

the transformation of n or n̄. For example,

n · Ac −→ n · Ac + ∆⊥ · Ac , (6.11)

under an RPI-I transformation.

Now that we have the basic gauge boson SCET building blocks, we will introduce the

concept of a Wilson line. This is an object that is very convenient to work with when

one encounters charged particle lines in spacetime, as is typically the case when SCET is

relevant. As we will show below in Sec. 6 B, there are independent Wilson lines for the

collinear and ultrasoft gauge bosons. Collinear Wilson lines play a key role in the structure

of the building blocks for local operators, while the ultrasoft Wilson lines can be used to

show soft-collinear factorization at the level of the Lagrangian. This motivates the inclusion

of the physics described in the next Primer. First we provide a discussion of the general

theory of Wilson lines. Then we review the soft limit of gauge theory and the emergence of

the universal eikonal factor.

Primer G. Wilson Lines and Eikonalization

In this Primer, we develop two advanced topics in gauge theory. First, we will introduce

the notion of a Wilson line, and will discuss its role in maintaining the gauge invariance in

situations where one has an extended object charged under a gauge group. Then we will

discuss the soft limit, and explain what it means for a gauge theory to eikonalize. This will

provide the background for understanding the ultrasoft Wilson lines in SCET. For a more

complete treatment, see e.g. [3].

Wilson Lines in Gauge Theory

A Wilson line tracks the gauge dependence along a trajectory in spacetime. For example,

if we have a U(1) theory with a charged scalar, then the difference

φ(y)− φ(x) = eiα(y) φ(y)− eiα(x) φ(x) (6.12)
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is not gauge invariant. To write a difference that respects gauge covariance, we define a

Wilson line

W (x, y) = exp

(
ie

∫ x

y

Aµ(s) dsµ
)
. (6.13)

It has the gauge transformation property

W (x, y) −→ eiα(x) W (x, y) e−iα(y) , (6.14)

which is straightforward to derive from the gauge transformation defined in Eq. (2.15) above.

Using the Wilson line, we can define a gauge covariant notion of the difference between

fields evaluated at two points:

W (x, y)φ(y)− φ(x) −→ eiα(x)W (x, y) e−iα(y) eiα(y) φ(y)− eiα(x)φ(x)

= eiα(x)
[
W (x, y)φ(y)− φ(x)

]
, (6.15)

which eliminates the ambiguity in Eq. (6.12). A difference of charged product of fields at

different spacetime points is only gauge covariant if the fields are connected by Wilson lines.

The non-Abelian extension requires path ordering for the generators since they do not

commute:

W = P

{
exp

(
ig

∫ x

y

Aaµ(s)T a dsµ
)}

, (6.16)

where P is the path ordering symbol and W is now a matrix. Then the non-Abelian Wilson

line transforms as

W (x, y) −→ U(x)W (x, y)U(y)† , (6.17)

where U(x) is the gauge transformation defined in Eq. (2.16).

Soft Gauge Bosons and the Eikonal Factor

Before returning to SCET, we will briefly discuss the interactions of charged particles

with soft gauge bosons. Although our emphasis here will be on the universality of these

interactions, there is also a beautiful connection one can make with charge conservation as

was first shown in [148]. The idea of an Eikonal interaction will appear in the soft sector of

SCET as we will see below. For more details, see e.g. Sec. 9.5 of [3].

We begin with a process (illustrated by the pink blob) that involves at least one external
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negatively charged scalar φ with mass m, labeled by j, with momentum pj:

iA0

(
pj
)

= �
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Then we can attach a photon to this external line, carrying away momentum q, and keeping

pj fixed, which yields

iAj
(
pj
)

=
�
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= e
pµj +

(
pµj − qµ

)

(
pj − q

)2 −m2
εµ(q)A0

(
pj − q

)
, (6.19)

where εµ(q) is the polarization vector for the photon. This can be simplified by using the

on-shell conditions p2
j = m2, q2 = 0, and ε · q = 0:

Aj
(
pj, q

)
= −e pj · ε

pj · q
A0

(
pj − q

)
' −e pj · ε

pj · q
A0

(
pj
)
, (6.20)

where in the last step we took the soft limit for the photon momenta, i.e.,
∣∣q ·pj

∣∣�
∣∣pk ·pm

∣∣,
for all external momenta pk, pm.

Attaching the photon to a charged loop suffers extra suppression since those propagators

are off-shell, so deriving the leading soft-photon amplitude only requires considering

interactions with the external charged legs. This yields

A ' eA0

[ ∑

j ∈ in

Qj
pj · ε
pj · q

−
∑

j ∈ out

Qj
pj · ε
pj · q

]
, (6.21)

where Qj is the charge of the jth state, and the sum is taken over all the external charge

particles in the diagram.

This is an amazing result – given an amplitude A0, it is trivial to then compute a new

amplitude A that includes one additional soft photon by simply summing over A0 multiplied

by an “eikonal factor” p · ε/p · q for each charged external line. Moreover, the gauge boson

only knows about the charge of the lines it is interacting with since the eikonal factor is

independent of the mass, spin, or any other properties of the external lines, e.g. if the line

is associated with a fundamental or composite object. We will use this universality to our

advantage in SCET, where we will see that modeling the physics associated with the soft

EFT gauge bosons relies on Wilson lines which are constructed to sum an infinite number

of eikonal interactions.

Before we discuss the details of soft Wilson lines, we will work out the detailed properties

of collinear Wilson lines, and will emphasize their role in building the local operators in

SCET.
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B. Collinear Wilson Lines and Local Operators with Gauge Bosons

The goal of this section is explain the role of collinear Wilson lines in SCET. We will

avoid the minor additional complications that arise for non-Abelian gauge theory by working

with a U(1) gauge theory. Our model contains a heavy charged scalar Φ of mass M with

momentum p =
(
M,~0

)
that can then decay to a light massless charged scalar φ and a

photon γ using an insertion of a scalar current J = Φ† φ (for brevity, we have set the Wilson

coefficient for this heavy-light current insertion to unity):

https://feynman.aivazis.com/
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= ie
(
2 pµ + kµ

)
εµk

i

(p+ k)2 −M2
= −e 2 p · εk

p2 + 2 p · k −M2

= −e n · p n̄ · εk
n · p n̄ · k +O(λ) = −e n̄ · εk

n̄ · k +O(λ) , (6.22)

where we note that the current insertion can absorb momentum, which allows the limit

with φ and γ collinear to be physical. In the second line, we have defined λ ∼ k/M and

power counted using the scaling for both collinear momentum and the collinear gauge field

– critically, the factor n̄ · An/n̄ · k power counts as O(1) when k ∼ n.

Next, we note that we can attach m collinear gauge bosons to our heavy line to yield
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(6.23)

where “perms” refers to all the possible permutations of the ways to attach the photon lines

to the heavy line. Again, each of these factors scales as O(1).

The key insight is to realize that there is a natural object one can write down, which

accounts for the potentially infinite number of emissions, thereby generating an operator

whose structure is

iA =

https://feynman.aivazis.com/
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=

(
−e n̄ · εk1

n̄ · k1

)
· · ·

(
−e n̄ · εkm

n̄ · (∑ km)

)
+ perms +O(λ) . (6.24)
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This object is the collinear Wilson line, associated with the light-like direction n:

Wc =
∑

m

∑

perms

(−e)m
m!

(
n̄ · Ac(k1) · · · n̄ · Ac(km)[
n̄ · k1

]
· · ·
[
n̄ ·∑ km

]
)
, (6.25)

which can be Fourier transformed to position space107

Wc(0,−∞) = P

{
exp

(
ig

∫ 0

−∞
ds n̄ · Ac

(
n̄s
))}

= Wc(0) , (6.26)

where again P is the path ordering symbol, which is required to correctly lift this derivation

to theories with non-Abelian gauge bosons.108 We have introduced the shorthand notation

Wc(0) because the Wilson line is integrated along a collinear line corresponding to one of

our light-like charged states, so one end is always fixed at −∞ and the other end terminates

at the local interaction point.

Before discussing the detailed properties of these collinear Wilson lines, we note the

relation to the scalar theory example above. In Sec. 5 F, we saw a similar phenomena

occur. However, we paid a power counting price for each insertion. This is related to the

fact that our local operator expansion was not homogenous in power counting, which was

compensated for by our super-renormalizable interaction. For gauge theory, the fact that

the factor from a collinear emission power counts as O(1) begs us to sum these vertices, and

yields one of the crucial differences between scalars and gauge bosons.

From the momentum representation of the collinear Wilson line in Eq. (6.25), it is clear

that

n̄ · PWc = n̄ · P
(
−g n̄ · Ac(k)

n̄ · k + · · ·
)

= −g n̄ · k
n̄ · k n̄ · Ac(k) + · · · = −n̄ · Ac(k)Wc , (6.27)

where we have used Eq. (5.28) for the action of P . We can rewrite this in the form of the

Wilson line “equation of motion”

in̄ ·DcWc ≡ n̄µ
(
Pµ + gAµc

)
Wc = 0 . (6.28)

Using similar manipulations, we can check the action of in̄ ·Dc on a product involving Wc

107 We have chosen explicitly to point our affine parameter along the n̄ direction. However, all that is required

is to introduce a reference null vector r that points away from n, such that n · r ∼ O(1).
108 We have switched notation for our gauge coupling from e → g to emphasize that all of these formulae

hold for SU(N) gauge theories.
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and an arbitrary operator O:

in̄ ·Dc

(
WcO

)
= n̄µ

(
Pµ + gAµc

) (
WcO

)

=
(
n̄µ
(
Pµ + gAµc

)
Wc

)
O +Wc

(
n̄ · PO

)
= Wc

(
n̄ · PO

)
, (6.29)

which can be expressed as an operator equation

in̄ ·DcWc = Wc n̄ · P . (6.30)

Then using this result along with the fact that W †
c Wc = 1, we have

in̄ ·Dc = Wc n̄ · PW †
c n̄ · P = W †

c in̄ ·DcWc , (6.31)

which can be inverted to derive

1

in̄ ·Dc

= Wc
1

n̄ · P W
†
c

1

n̄ · P = W †
c

1

in̄ ·Dc

Wc . (6.32)

These identities allow one to exchange collinear covariant derivatives for Wilson lines, and

will be useful for re-expressing the canonical couplings between collinear gauge bosons and

collinear charged fermions below.

Finally, we note the gauge transformation properties of collinear Wilson lines, which

can be inferred from the general Yang-Mills gauge transformation for Wilson lines given in

Eq. (6.17), appropriately modified for the collinear and ultrasoft transformations given in

Eq. (6.9):

c : Wc(x) −→ Uc(x)Wc(x)

us : Wc(x) −→ Uus(x)Wc(x)U †us(x) , (6.33)

where for the collinear Wilson line we have used the fact that we fixed the gauge

transformation matrix at x → −∞ to unity, see Eq. (6.10), while for the ultrasoft Wilson

line we have used the fact that the multipole expansion implies that only the ultrasoft field

at x contributes. Said another way, the collinear Wilson line appears as a local operator

from the point of view of the ultrasoft radiation.

Finally, we note that using the label momentum operator allows us to write a compact

expression for the collinear Wilson line

Wc(x) =

[ ∑

perms

exp
(
− g

n̄ · P n̄ · Ac(x)
)]

, (6.34)

where 1/n̄·P acts on all fields to the right, yielding the denominator structure in Eq. (6.25). If

rapidity regulation is required, one can use this form to incorporate the regulator introduced
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in Sec. 4 B as an operator expression [127, 128]:

Wc(x) =

[ ∑

perms

exp

(
− g

n̄ · P

∣∣n̄ · P
∣∣−η

ν−η
n̄ · Ac(x)

)]
, (6.35)

along with an analogous modification of the soft Wilson line given below in Eq. (6.39).

Local Operators with Gauge Bosons

One of the key applications of the collinear Wilson line is that it allows us to write down

a novel object that can be used to build local operators involving external gauge bosons.

We introduce the combination [140, 149]

Bµc⊥(x) =
1

g
W †
c (x) iDµ

c⊥Wc(x) , (6.36)

where the covariant derivative only acts on the Wilson line to the right. This operator

is gauge invariant under the collinear gauge transformations in Eq. (6.33), and can be

interpreted as a physical collinear gauge boson emitted from the hard process. This

connection is reinforced by Taylor expanding:109

Bµc⊥ =
1

g
Pµc⊥ + Aµc⊥ −

kµ⊥
n̄ · k n̄ · Ac,k + · · · , (6.37)

where the subscript k refers to the label momentum. We see that this operator includes

the physical perpendicular components of the gauge boson as the first term, followed by a

tower of kµ⊥ × (n̄ · Ac,k/n̄ · k)m emissions (where m is an integer), all of which scale as ∼ λ,

inherited from the scaling of kµ⊥. This object makes it entirely straightforward to model

collinear gauge bosons that are emitted from the hard vertex, and can be used as a building

block for local operators.

C. Soft Wilson Lines and Factorization

In Eq. (6.21), we derived the eikonal factor, which is a universal coupling between a soft

gauge boson and a charged external line. These factors can be summed in a straightforward

way into a Wilson line:

Yn(x) =
∞∑

m=0

∑

Perms

(−g)m n · A
(
k1

)
· · · n · A

(
km
)

n · k1 n ·
(
k1 + k2

)
· · · n ·

(∑
j kj
) , (6.38)

109 Often Bµc⊥ is defined in a slightly more complicated way to eliminate the Pµc⊥ term, see e.g. [142].
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where propagators come with +i0. The soft Wilson line Yn(x) is defined with respect to

the nµ direction – the only information that the soft gauge bosons know about the collinear

sector is the direction and the charge/representation. Note that the propagators in Eq. (6.38)

all have virtuality ∼ λ2. This implies that we should interpret the soft Wilson lines as living

within SCET. This can be contrasted with the collinear Wilson lines in Eq. (6.25), whose

propagators have virtuality of O(1), and are therefore interpreted as resulting from matching

at the hard scale.

The soft Wilson line can be Fourier transformed to position space:

Yn(x) = P exp

[
ig

∫ 0

−∞
ds n · Aus(x+ ns)

]
, (6.39)

where s is an affine parameter that tracks the collinear direction. There are additional

subtleties which must be kept track of depending on if the external lines are incoming or

outgoing [150, 151], see e.g. [142] for a discussion. If required, the Wilson line can be modified

to include a rapidity regulator [127, 128], similar to Eq. (6.35) above.

The soft Wilson lines satisfy a variety of useful identities. First, note that it is clear from

the definition that

Yn(x)† Yn(x) = Yn(x)Y †n (x) = 1 . (6.40)

The soft Wilson lines projected along the collinear direction satisfies an “equation of motion”

in ·Dus Yn
(
n̄ · x

)
= 0 , (6.41)

where

in ·Dus =
∂

∂n̄ · x − ign · Aus(n̄ · x) , (6.42)

which is straightforward to derive using the light-cone decomposition of the derivative

Eq. (4.8). Finally, we note that

∂µ Yn(n̄ · x) = n̄µ
∂

∂n̄ · x Yn(n̄ · x) , (6.43)

where again we have used Eq. (4.8). These three properties will be crucial for factorizing

the SCET Lagrangian, which is the subject we turn to next.

Factorizing the Gauge Interactions with a Field Redefinition

We now have all the required tools to factorize the leading power SCET Lagrangian, as

was first done in [152]. The strategy is to use a “decoupling field redefinition” (also referred
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to as a BPS field redefinition) involving the ultrasoft Wilson line in Eq. (6.39). The result

is a derivation of independent Lagrangians for the collinear, anti-collinear, and ultrasoft

sectors. We will show how this works for the non-Abelian interactions between the gauge

bosons, and will leave the analogous derivation for fermions as an exercise in Sec. 6 D below.

Factorization has a long tradition in field theory, beginning with the famous result proving

that the parton distribution functions can be factorized for the Drell-Yan process using Full

Theory QCD Feynman diagrams.110 For a review of the traditional approach to proving

factorization, see e.g. the review [113] and the book [114].

To explore how factorization is derived in SCET, we begin with the collinear Yang-Mills

field strength tensor, defined by the commutator of covariant derivatives:

F µν
c =

i

g

[
Dµ, Dν

]
, (6.44)

which should be interpreted as a matrix expression, see Eq. (2.14), and where

Dµ =
n̄µ

2
n ·D +

nµ

2
n̄ ·Dc +Dµ

c,⊥ , (6.45)

with

in ·D = in · ∂ + gn · Ac(x) + gn · Aus(n̄ · x)

in̄ ·Dc = n̄ · P + gn̄ · Ac(x)

iDµ
c,⊥ = Pµ⊥ + gAµc,⊥(x) . (6.46)

Then the collinear Yang-Mills Lagrangian

Lc = −1

4
Tr
[
Fc,µν F

µν
c

]
(6.47)

includes the interaction between collinear and ultrasoft given in Eq. (6.6).

The decoupling field redefinition for the collinear gauge boson is

Aµc (x) = Yn(n̄ · x)A(0)µ
c (x)Y †n (n̄ · x) , (6.48)

where A
(0)µ
c (x) will be the collinear gauge boson that appears in the factorized Lagrangian.

The superscript (0) makes explicit that this is the leading power field, and emphasizes that

the factorization is only being derived to leading power.

Our task is to compute the collinear Yang-Mills Lagrangian after performing this field

110 It is worth emphasizing that the rigorous demonstration that the parton distribution functions factorize

from the hard process is somewhat different from the factorization of the hard process into hard/jet/soft

functions as is done in SCET.
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redefinition, so we need the redefined versions of the covariant derivatives. Two of the

components are trivial

in̄ ·Dc = Yn(n̄ · x) in̄ ·D(0)
c Y †n (n̄ · x)

iDc,⊥ = Yc(n̄ · x) iD
(0)µ
c,⊥ Y †n (n̄ · x) , (6.49)

where we have used Eq. (6.43) to move Yn(n̄ ·x) through n̄ ·∂ and ∂µ⊥, and the (0) superscript

on the covariant derivative means replace Aµc → A
(0)µ
c . The non-trivial component is

in ·DO(x) =
[
in · ∂ + gn ·

(
YnA

(0)
c (x)Y †n

)
+ gn · Aus(n̄ · x)

]
O(x)

=
[(
in · ∂ + gn · Aus(n̄ · x)

)
Yn Y

†
n + gn ·

(
YnA

(0)
c (x)Y †n

)]
O(x)

=
[(
in · ∂ + gn · Aus(n̄ · x)

)
Yn

] (
Y †n O(x)

)

+ Yn

[
in · ∂

(
Y †n O(x)

)]
+ Yn

(
gn · A(0)

c (x)Y †n O(x)
)

= Yn

[
in · ∂ + gn · A(0)

c (x)
]
Y †n O(x) = Yn in ·D(0)

c Y †n O(x) , (6.50)

where O(x) is an arbitrary operator, we have written Yn = Yn(n̄ ·x) for brevity, in the second

line we used Eq. (6.40), in going from the third to the fourth line we have used Eq. (6.41),

and the final equality implicitly defines n ·D(0)
c .

Putting this all together, we see that

Dµ = Yn(n̄ · x)D(0)µ
c Y †n (n̄ · x) , (6.51)

which only depends on the ultrasoft gauge boson through the Wilson lines Yn. Then the

Yang-Mills field strength for A
(0)
c is

F µν
c = Yn(n̄ · x)

(
i

g

[
D(0)µ, D(0) ν

])
Y †n (n̄ · x) = Yn(n̄ · x)F (0)µν

c Y †n (n̄ · x) , (6.52)

so that

L(0)
c = −1

4
Tr
[
Yn(n̄ · x)F (0)

c,µν Y
†
n (n̄ · x)Yn(n̄ · x)F (0)µν

c Y †n (n̄ · x)
]

= −1

4
Tr
[
F (0)
c,µν F

(0)µν
c

]
, (6.53)

where in the last step we used the cyclic property of the trace to eliminate the ultrasoft

Wilson lines. Obviously, the exact same steps can be taken to eliminate the ultrasoft

gauge boson dependence from the anti-collinear Lagrangian yielding L(0)
c̄ , by making the

appropriate substitutions, e.g. Yn(n̄ · x)→ Yn̄(n · x).



145

Next, we note that the ultrasoft gauge boson Lagrangian is given by

L(0)
us = −1

4
Fus,µν F

µν
us , (6.54)

where

F µν
us =

i

g

[
Dµ
us, D

ν
us

]

iDµ
us = i∂µ + gAµus(x) , (6.55)

which is just a standard Yang-Mills Lagrangian, including self-interactions among the soft

gauge bosons, but which critically does not include interactions with any collinear states.

Therefore, our Lagrangian takes the factorized form111

L(0)
YM = L(0)

c + L(0)
c̄ + L(0)

us , (6.56)

implying that our Hilbert space for the gauge bosons factorizes:

∣∣X
〉

=
∣∣Xc

〉
⊗
∣∣Xc̄

〉
⊗
∣∣Xus

〉
, (6.57)

where
∣∣X
〉

is a state in the Full Theory Hilbert space where all modes above the hard

scale have been integrated out, i.e., in the regime where the EFT is expected to hold. It is

now expressed in terms of a direct product of states in independent EFT Hilbert spaces (to

leading power).

The decoupling field redefinition led to the factorization of the interactions between

collinear and ultrasoft fields. However, there is another implication of this field redefinition,

which is that now ultrasoft fields will appear in the local operator structure. For example,

our gauge boson local operator building block in Eq. (6.37) is redefined following Eq. (6.49):

Bµc⊥(x) = Yn(n̄ · x)B(0)µ
c⊥ (x)Yn(n̄ · x)† . (6.58)

To explore this further, we will take a simple example. Consider a Full Theory process

111 It is important to note that the true Lagrangian does not actually factorize due to the presence of the

Glauber modes briefly mentioned in the exercise in Sec. 4 A above. A true demonstration of factorization

requires justifying that the Glauber contributions can be neglected (as was first done by for QCD [113]).

This in turn allows one to ignore the part of the Hilbert space where the Glauber modes live, allowing

us to say that the Hilbert space factorizes. In particular, there is often a cancelation among the Glauber

diagrams that allows them to be absorbed into the soft sector. For an operator level treatment in

SCET, see [153], and in particular their Eq. (8.1) writes the version of this Lagrangian that includes

Glauber effects. Another place where Glauber modes are important is in the demonstration that the

hard matching coefficient for back-to-back quark production when including additional spectator external

states is independent of the choice of which external states to use [154].
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of a singlet initial state producing a pair of gauge boson final states, e.g a heavy scalar boson

(this could be the Higgs boson in the Standard Model) decaying to a pair of gluons through

an interaction LFull ⊃ C ΦFµν F
µν , where C is a constant. Then we can model this process

in the EFT [155]

Fµν F
µν −→ Bc⊥µ Bµc̄⊥ = Yn(n̄ · x)B(0)

c⊥µ(x)Yn(n̄ · x)† Yn̄(n · x)B(0)µ
c̄⊥ (x)Yn̄(n · x)† , (6.59)

where we have suppressed the color contractions and the matching between the Full

Theory and SCET is leading order, see e.g. [155] for more detailed expressions. We want

to compute the expectation value of this object in the presence of the collinear and anti-

collinear hard lines. Therefore, we should take a matrix element using the incoming state

|Ac̄(p̄)〉 and the outgoing state 〈Ac(p)|:
〈
Ac(p)

∣∣∣Yn(n̄ · x)B(0)
c⊥µ(x)Yn(n̄ · x)† Yn̄(n · x)B(0)µ

c̄⊥ (x)Yn̄(n · x)†
∣∣∣Ac̄(p̄)

〉

=
〈
0
∣∣Yn(n̄ · x)Yn(n̄ · x)† Yn̄(n · x) Yn̄(n · x)†

∣∣ 0
〉

us us

×
〈
Ac̄(p̄)

∣∣∣B(0)
c⊥µ(x)

∣∣∣ 0
〉
c
×
〈

0
∣∣∣B(0)µ

c̄⊥ (x)
∣∣∣Ac̄(p̄)

〉
c̄

. (6.60)

Our task is reduced to computing a “hard function” H(M,µ), a “collinear jet func-

tion” Jc
(
P 2, µ

)
, an “anti-collinear jet function” Jc̄

(
P̄ 2, µ

)
, and an “ultrasoft function”

S
(
P 2 P̄ 2/M, µ

)
. The hard function is determined by a matching calculation, and the other

three functions have operator definitions within SCET. Diagrammatically, up to one-loop

order, we have jet functions

Jc
(
P 2, µ

)
=
〈
Ac̄(p̄)

∣∣∣B(0)
c⊥µ(x)

∣∣∣ 0
〉
c

=

n
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where the top line is for collinear and the bottom line is for anti-collinear, and an ultrasoft
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function112

S
(
P 2 P̄ 2/M, µ

)
=

〈
0
∣∣Yn(n̄ · x)Yn(n̄ · x)† Yn̄(n · x) Yn̄(n · x)†

∣∣ 0
〉

us us

= 1 +

n
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+ · · · , (6.62)

such that our final summed observable is given by the product of these four functions, run

to the common renormalization scale µ. This factorization can be illustrated schematically

as (see e.g. [122, 144])
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+O
(
λ2
)
. (6.63)

To summarize, we have shown how to decompose the gauge boson into collinear and

ultrasoft modes. Then calculations for gauge theories in the IR are recast in terms of hard,

jet, and soft functions that can be computed independently, run to a common scale, and

then multiplied together to yield the RG improved amplitude of interest. Moreover, the jet

and soft functions are universal, which implies that can be used to construct predictions for

a wide variety of observables. This procedure separates scales and sums potentially large

Sudakov double logarithms. Furthermore, it provides us with a systematic procedure for

summing logs of arbitrary high order, and for computing sub-leading power corrections as

an expansion in λ.

Below, we will provide an explicit demonstration of how the Sudakov double logs can be

exponentiated using the vector current process built out of charged fermions. To this end,

we must develop the technology for treating fermions in the collinear limit, which is the

topic of the next section.

112 This expression makes it seem like we should draw four Wilson lines in our diagram. However, note

that the Yn is in the fundamental representation, while the gauge boson is in the adjoint. Then one can

interpret a product of two Yn Wilson lines as modeling an adjoint Wilson line.
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D. Collinear Fermions

In this section, we will explain how to model collinear fermions in SCET, using two-

component notation. Our starting point is a Full Theory left-handed Weyl fermion u,

which has a momentum scaling of p ∼
(
λ2, 1, λ

)
. The first step is to find a set of projection

operators that allow us to separate our collinear fermion into the degrees of freedom whose

helicity is aligned with the nµ direction uc,n from those whose helicity points in the opposite

direction uc,n̄.

The Lagrangian for u is

L = iu†(x) σ̄ · ∂ u(x) , (6.64)

which admits the standard plane-wave solution u(xµ) =
∫

d3 p x(p) exp(−ipµxµ). In

Eq. (6.64) and many expressions that follow, the spinor indices are implicitly contracted,

following the two component conventions of [156].

In order to see the connection between the projection operators and helicity, we can boost

the free-theory solution for u(x) along the light-cone nµ, which points in the ẑ direction:113

x(p)
∣∣
n

=

[√
E + pz

(
1− σ3

2

)
+
√
E − pz

(
1 + σ3

2

)]
σ̄0 ξ ∼

[
λ

O(1)

]
, (6.65)

where ξ is a two-component spinor, we have inserted the appropriate factor of σ̄0 to make the

spinor index structure consistent, and for the last step we have used the collinear scalings

for the momentum, n̄ · p ∼ O(1) and n · p ∼ λ2. We see that the upper component of x(p)|n
is power suppressed, and the collinear fermion is given by the lower component of x(p)|n.

This is allows us to separate the Full Theory fermion into a leading and subleading part.

The following combinations of Pauli matrices

(n · σ
2

)
αα̇

=
1

2

(
σ0 − σ3

)
αα̇

=

[
0 0

0 1

]

αα̇

( n̄ · σ̄
2

)α̇α
=

1

2

(
σ̄0 − σ̄3

)α̇α
=

[
0 0

0 1

]α̇α

( n̄ · σ
2

)
αα̇

=
1

2

(
σ0 + σ3

)
αα̇

=

[
1 0

0 0

]

αα̇

(n · σ̄
2

)α̇α
=

1

2

(
σ̄0 + σ̄3

)α̇α
=

[
1 0

0 0

]α̇α
,

(6.66)

can be used to infer projections operators Pn and Pn̄,

u = (Pn + Pn̄)u = uc,n + uc,n̄ . (6.67)

113 For example, see Sec. 3.3 of [50].
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Comparing to Eq. (6.65), we can derive the explicit forms

Pn uc,n = n·σ
2
n̄·σ̄
2
uc,n = uc,n Pn̄ uc,n̄ = n̄·σ

2
n·σ̄
2
uc,n̄ = uc,n̄

Pn̄ uc,n = 0 Pn uc,n̄ = 0 .
(6.68)

These operators project out half the helicity states, namely uc,n,1 = 0 and uc,n̄,2 = 0;

the two component collinear/anti-collinear projection operators are equivalent to the chiral

projection operators.

We can expose a few interesting features by analyzing the free fermion Lagrangian.

Starting with Eq. (6.64), expanding out u = uc,n + uc,n̄, and expressing it in components

yields

−iLu = u†
c,n,2̇

n · ∂uc,n,2 + u†
c,n̄.1̇

n̄ · ∂uc,n̄,1

+ u†
c,n̄,1̇

(σ̄ · ∂⊥)1̇2 uc,n,2 + u†
c,n,2̇

(σ̄ · ∂⊥)2̇1 uc,n̄,1 , (6.69)

where we have used (σ̄ · ∂)2̇2 = n̄ · ∂ and related identities to simplify this expression.

We can derive power counting for the fermion as above. Assuming collinear scaling implies

d4x ∼ λ−4, so that Lu ∼ λ4 to yield an unsuppressed action. This fixes

uc,n ∼ λ and uc,n̄ ∼ λ2 . (6.70)

Next, we must identify a time component, which we take to be n ·∂ by convention. Then

the expanded Full Theory Lagrangian, Eq. (6.69), implies that uc,n is a propagating

degree of freedom (by identifying that there is a term with a time derivative acting on uc,n),

while uc,n̄ is not. It will be convenient to write the Lagrangian exclusively in terms of the

propagating mode, so we integrate out the anti-collinear modes by solving for its classical

equation of motion:

uc,n̄ = − n̄ · σ
2

1

n̄ · ∂
(
σ̄ · ∂⊥

)
uc,n . (6.71)

Then the collinear and anti-collinear fermion modes can both be expressed in terms of the

propagating mode

uc,n =

[
0

uc,n,2

]
uc,n̄ =

[
(−∂⊥,1+i∂⊥,2)

n̄·∂ uc,n,2

0

]
. (6.72)

Plugging Eq. (6.71) into the Eq. (6.69) yields the leading power collinear Lagrangian for a

free Weyl fermion:

Luc,n = u†c,n

(
in · ∂ − ∂ 2

⊥
in̄ · ∂

)
n̄ · σ̄

2
uc,n . (6.73)
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Then the propagator for a collinear fermion can be extracted by inverting the free momentum

space Lagrangian:

p

p

q

p = i
n · σ

2

n̄ · p
(n · p)(n̄ · p) + p2

⊥
. (6.74)

This is how we model propagating collinear fermions in SCET.

RPI Transformations of Fermions

Before introducing any interactions for our collinear fermion, we will take the opportunity

to discuss its RPI properties, with an emphasis on the connection to Lorentz invariance as

discussed in Primer D above. For brevity, we will drop the c and n subscripts on uc,n,α for

this subsection, and identify the propagating degree of freedom with u2 as we did previously.

We will use β (θ) as a boost (rotation) parameter, associated with the K (J) generators.

This discussion follows Appendix of [110], and more detail can be found there.

We begin with RPI-III, which is just a boost as generated by K3:

uα −−−−→
Boost

e−β3σ3/2 uα . (6.75)

Due to the structure of σ3, we see that

u1 −−−−→
RPI-III

e−β3/2 u1

u2 −−−−→
RPI-III

eβ3/2 u2 , (6.76)

where we identify the boost parameter β3 with the α parameter of RPI-III. So we see that

the two components of the fermion transform oppositely with respect to RPI-III.

The derivations for the other RPI generators is complicated by the fact that RPI-I and

RPI-II are a linear combination of boosts and rotations, see Eq. (4.14). Using the Lorentz

transformation properties of fermions, we can evaluate the action of the two RPI-I generators:

uα −−−−→
Lorentz

(
1 +

i

2
θj σj −

1

2
βj σj

)
uα . (6.77)

Then for example, we can identify one of the RPI-I transformations by taking the

combination K1 − J2, i.e., by setting β1 = −θ2 with all other θj and βj equal to zero,

which yields

uα −−−−→
RPI-I

(
1− β1

(
0 1

0 0

))
uα , (6.78)

where we can identify β1 with one of the RPI-I transformation parameters. Then this makes



151

it clear that RPI-I acts to rotate in the helicity component that has been integrated out:

uc,n =

[
0

u2

]
−−−−→

RPI-I

[
1
2

(∆⊥ · σ)12̇ u2

u2

]
, (6.79)

where now we have expressed the two RPI-I transformation directions using a more covariant

notation.

Analogous steps can be performed to derive the RPI-II transformations, which effectively

acts as a rescaling of the fermion fields uc,n:

uc,n =

[
0

u2

]
−−−−→
RPI-II

[
0(

1 + 1
2
(ε⊥ · σ)21̇

1
n̄·∂ (∂⊥ · σ̄)1̇2

)
u2

]
. (6.80)

• Exercise: Derive the RPI-I and RPI-II transformations for the fermion using the

relations to boosts and rotations given in Eq. (4.14) and the general form of the Lorentz

transformation for a left handed fermion in Eq. (6.77).

Then one can use these RPI transformation properties to constrain the allowed form of the

SCET Lagrangian.

• Exercise: Show that the kinetic term for a collinear fermion Eq. (6.73) is invariant

under the three RPI transformations. In doing so, one must be careful to track the RPI

transformations of the various projected components of the derivatives.

In the next section, we will charge our fermions and develop the technology to build local

operators out of these interacting objects.

Collinear Fermions Coupled to Gauge Bosons

Now that we have a propagating collinear fermion, and have understood its collinear

spacetime transformation properties, we can give it a charge and couple it to ultrasoft and

collinear gauge bosons by promoting ∂µ → Dµ using Eq. (6.45). Under the collinear and

ultrasoft gauge transformations given in Eq. (6.7),

uc,n −→ Uc(x)uc,n

uc,n −→ Uus(n̄ · x)uc,n , (6.81)

where the argument of Uus has been truncated to leading power.

We are interested in building local operators using the charged fermion fields. This will
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allow us to model processes with light-like charged fermions as external legs. Therefore, it

is useful to define a gauge invariant collinear fermionic building block:

χc(x) = W †
c (x)uc,n . (6.82)

Next, we note that the covariant derivative includes Aus so our χc fermion has non-zero

interaction with the ultrasoft gauge boson. However, we can use the same strategy as in

Sec. 6 C above to redefine our field and eliminate this interaction. Specifically, the field

redefinition

χc,n(x) = Yn(n̄ · x)χ(0)
c,n(x) , (6.83)

yields an interacting Lagrangian for the collinear fermion that is independent of the ultrasoft

gauge boson.

• Exercise: Following the same logic as in Sec. 6 C above, show that the field redefinition

in Eq. (6.83) eliminates the coupling between the collinear fermion and the ultrasoft

gauge boson at leading power.

This provides us with everything we need to model processes involving charged light-like

fermions as external states. In the next section, we will quote the formulas one can derive for

the summation of the fermionic vector current by applying the technology we have developed

in this section thus far.

E. Sudakov Summation and the Cusp Anomalous Dimension

In this section, we will provide the key results used to sum double Sudakov logs for a

process with a pair of back-to-back charged fermionic final states. This follows [144], where

more details are provided. Here we choose to highlight the final answer to emphasize new

features of working with real SCET as opposed to the scalar toy SCET above.

We begin with a Full Theory vector current process, which injects M worth of energy

into the system with only the light degrees of freedom:

JµV = u†L σ̄
µ uL + uR σ

µ u†R , (6.84)

where uL
(
uR
)

is a left (right) handed Weyl fermion charged in the fundamental of an SU(N)
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gauge group. This current maps onto the SCET local operator

χ†c,L(x) σ̄µχc,L(x) + χc,R(x)σµ χ†c,R(x) = Yn(n̄ · x)
(
χ

(0)†
c,L (x) σ̄µχ

(0)
c,L(x) + χ

(0)
c,R(x)σµ χ

(0)†
c,R (x)

)

= Yn(n̄ · x)
(
u

(0)†
c,L (x)Wc(x) σ̄µW †

c (x)u
(0)
c,L(x) + u

(0)
c,R(x)W †

c (x)σµWc(x)u
(0)†
c,R (x)

)
. (6.85)

Following the logic that led us to Eq. (6.63), we know that our matrix element will take the

factorized form

AV = H
(
M2, µ2

)
Jc
(
P 2, µ2

)
Jc̄
(
P̄ 2, µ2

)
S
(
P 2 P̄ 2/M2, µ2

)
. (6.86)

Before writing down the explicit form of the RGEs, it is worth highlighting a few features.

Given Eq. (6.86), the anomalous dimensions for each of the functions F take the form

γtot
F = γcusp LF + γF , (6.87)

where LF is the logarithm whose argument depends on the scale associated with F , and γcusp

is a universal factor that we will describe in what follows. This is the most general form we

can have if we are going to realize scale separation. Recall that the Full Theory result

must be independent of the RG scale µ, since this is an artifact of matching onto SCET.

In particular, the fact that the anomalous dimensions are linear in the logarithm and all

proportional to the same coefficient γcusp implies that they can recombine to sum to zero

and eliminate the µ dependence. This not only provides a constraint on the logarithmic

contribution (in that they must all be proportional to the same factor), but also implies

that the non-log dependent part of the anomalous dimensions sum to zero:

γH(α)− γJc(α)− γJc̄(α) + γS(α) = 0 . (6.88)

Next, we note that the common factor γcusp(α) has a beautiful physical interpretation as a

“cusp anomalous dimension” [157, 158]. This nomenclature is based on the observation that

the anomalous dimension for the soft function is equivalent to a divergence which emerges

from straightening a Wilson loop that is cusped, i.e., a change in its direction from n to n̄ at

some spacetime point. This is exactly the physical situation we are computing in Eq. (6.61)

and Eq. (6.62). Then the required relation between the logarithmic terms in the anomalous

dimensions implies that γcusp(α) appears in all four anomalous dimensions.114

114 A cusped Wilson line additionally has been shown to encode the universal form of the QCD splitting

function at large momentum fraction [159]. Finally, to emphasize the universality of γcusp, we mention

an intriguing connection to higher spin operators in CFTs, whose anomalous dimensions can be related

to the Sudakov factor [160].
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We can write the general solution to the RGE equation

d

d log µ2
F
(
µ) = γF

(
µ
)
F
(
µ
)
, (6.89)

which is solved by

F
(
µL
)

= UF
(
µF , µL

)
F
(
µF
)
, (6.90)

where UF is known as the “evolution kernel” and encodes the solution to the RGEs, see

e.g. [161] for a general form of UF . Note that one must also consistently include the running

of the gauge coupling α when working at a particular NkLL order. Both γcusp and γF can

be computed as expansions in α within SCET.

The arguments for the universality of the eikonal factor, which is used to derive the

soft Wilson line, imply that the cusp anomalous dimension is also universal in that it

only depends on the charge of the states that define the collinear direction. Since it is

so ubiquitous and determines the structure of the log dependent term in the anomalous

dimensions, this object has been studied extensively, e.g. the first two loop calculation for

QCD was done in [134]:

γcusp(α) =
α

4π
4CF +

( α
4π

)2
(
CACF

(
67

9
− π2

3

)
− 20

9
nf Tf CF

)
, (6.91)

where CA = N and CF = (N2 − 1)/(2N) are the quadratic Casimir operators for SU(N)

adjoints and fundamental fermion fields respectively, nf is the number of charged fermion

flavors, and Tf = 1/2 for the fundamental representation.

For our vector current process, we can now write the general form of the RGEs:

d

d log µ2
H
H
(
M2, µ2

H

)
=

1

2

[
γcusp(α) log

M2

µ2
H

+ γH(α)

]
H
(
M2, µ2

H
)

d

d log µ2
Jc
Jc
(
P 2, µ2

Jc

)
= −1

2

[
γcusp(α) log

P 2

µ2
Jc

+ γJc(α)

]
Jc
(
P 2, µ2

Jc

)

d

d log µ2
Jc̄
Jc̄
(
P̄ 2, µ2

Jc̄

)
= −1

2

[
γcusp(α) log

P 2

µ2
Jc̄

+ γJc̄(α)

]
Jc̄
(
P̄ 2, µ2

Jc̄

)

d

d log µ2
S
S
(
P 2 P̄ 2

M2
, µ2
S

)
=

1

2

[
γcusp(α) log

P 2 P̄ 2

M2 µ2
S

+ γS(α)

]
S
(
P 2 P̄ 2

M2
, µ2
S

)
, (6.92)

where α = g2/(4π) is the fine-structure constant for the SU(N) theory. Integrating Eq. (6.92)

sums the large Sudakov double logs that emerge for the vector current at one-loop, and can

be used to systematically sum logs to arbitrary order. Note that we must evolve all four

functions to a common scale µL. However, they each will depend on an initial µ, and as
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such this initial choice should be made to minimize the logarithms contained within the

anomalous dimensions, such that the RG evolution is kept under good perturbative control.

In our simple example, the optimal RG path is clearly [144]

M �0
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(6.93)

Note the difference with the scalar SCET case above, see Eq. (5.47), where we did not

factorize our matrix element into separate functions, which implied that we only had a

single RG scale µL. We could have used a similar approach here, and just computed

the contributions to the vector current process all together. However, working with

factorized individual functions has the benefit that one can analyze them independently

when computing perturbative corrections.

For concreteness, we will sum the leading Sudakov logarithm. This implies that we can

treat γcusp as a constant, and set the subleading anomalous dimensions to zero: γH = γJc =

γJc̄ = γS = 0. In this approximation, it is trivial to solve the RGEs in Eq. (6.92):

H
(
M2, µ2

L

)
= H

(
M2, µ2

H

)
exp

[
−γcusp

4

(
log2 µ

2
H
µ2
L

− 2 log
µ2
H
µ2
L

log
µ2
H

M2

)]

Jc
(
P 2, µ2

L

)
= Jc

(
P 2, µ2

Jc

)
exp

[
γcusp

4

(
log2 µ

2
Jc
µ2
L

− 2 log
µ2
Jc
µ2
L

log
µ2
Jc
P 2

)]

Jc̄
(
P̄ 2, µ2

L

)
= Jc̄

(
P̄ 2, µ2

Jc̄

)
exp

[
γcusp

4

(
log2 µ

2
Jc̄
µ2
L

− 2 log
µ2
Jc̄
µ2
L

log
µ2
Jc̄
P̄ 2

)]

S
(
P 2P̄ 2

M2
, µ2

L

)
= S

(
P 2P̄ 2

M2
, µ2
S

)
exp

[
−γcusp

4

(
log2 µ

2
S
µ2
L

− 2 log
µ2
S
µ2
L

log
µ2
SM

2

P 2P̄ 2

)]
. (6.94)

This shows that we have separated scales and exponentiated the Sudakov double log!

This summation procedure is systematically improvable by computing higher α correc-

tions to the anomalous dimension. Following the notation in Eq. (6.87), this expansion
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schematically takes the form

(
γtot
F

)[LL] ∼
( α

4π

)
γ(1)

cusp LF

(
γtot
F

)[NLL] ∼
[ ( α

4π

)
γ(1)

cusp +
( α

4π

)2

γ(2)
cusp

]
LF +

( α
4π

)
γ

(1)
F

(
γtot
F

)[NNLL] ∼
[ ( α

4π

)
γ(1)

cusp +
( α

4π

)2

γ(2)
cusp +

( α
4π

)3

γ(3)
cusp

]
LF

+
[ ( α

4π

)
γ

(1)
F +

( α
4π

)2

γ
(2)
F

]
, (6.95)

where LF is the relevant log for the function F , and γ
(j)
cusp

(
γ

(j)
F

)
is coefficient of the jth order

cusp (non-cusp) anomalous dimension term with the α/(4π) dependence removed. Then if

we ignore the running of α, the evolution kernel takes the form

U
[LL]
F ∼ exp

(( α
4π

)
γ(1)

cusp L
2
F

)
= 1 +

( α
4π

)
γ(1)

cusp L
2
F +

1

2

( α
4π

)2 (
γ(1)

cusp

)2
L4
F

+
1

6

( α
4π

)3 (
γ(1)

cusp

)3
L6
F + · · ·

U
[NLL]
F ∼ exp

[(( α
4π

)
γ(1)

cusp +
( α

4π

)2

γ(2)
cusp

)
L2
F +

( α
4π

)
γ

(1)
F LF

)]

= 1 +
( α

4π

) [
γ(1)

cusp L
2
F + γ

(1)
F LF

]

+
1

2

( α
4π

)2 [(
γ(1)

cusp

)2
L4
F + 2 γ(1)

cusp γ
(1)
F L3

F + 2 γ(2)
cusp L

2
F +

(
γ

(1)
F

)2
L2
F

]

+
1

6

( α
4π

)3 [(
γ(1)

cusp

)3
L6
F + 3

(
γ(1)

cusp

)2
γ

(1)
F L5

F + 6
(
γ(1)

cusp

)
γ(2)

cusp L
4
F

+3
(
γ(1)

cusp

)(
γ

(1)
F

)2
L4
F + 6 γ(2)

cusp γ
(1)
F L3

F +
(
γ

(1)
F

)3
L3
F

]
+ · · · . (6.96)
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So we can identify a pattern115
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(6.97)

where as in Primer C above, the green shaded region corresponds to LL summation,

the purple is NLL, the blue NNLL, and the red schematically contributes at NkLL.

Note that the pattern is non-trivial, due to the fact that the anomalous dimension now

includes two independent expansions in α, the cusp anomalous dimension γcusp and the

non-cusp anomalous dimension γF . Note again, we are neglecting the running of α, which

further complicates the expansions in Eq. (6.96). This shows how SCET can be used to

systematically sum the large logarithms due to IR soft and collinear divergences to arbitrary

precision.

F. A Few Remaining Concepts

There are a few important additional ideas/techniques that often show up in SCET (and

perturbative QCD) calculations, but were not required for our simple example processes

explained here. Therefore, we will conclude our discussion of SCET technology with a brief

mention of a few of the most important ones.

SCET was invented to calculate the partial width for the heavy quark decay B → Xs γ

(here Xs is a “jet” that includes a strange quark) including the summation of large Sudakov

logs [145], see the discussion below in Sec. 7 for additional physics context. This first

calculation computed the partial width including the impact of this summation; we expect

that the reader who has made it this far will now have the tools to read this paper. Later it

was understood how to compute the spectrum of the outgoing photon [163, 164]. This relies

on the inclusion of a “measurement function,” where the unitarity cuts (see the discussion

around Eq. (4.25)) are augmented by an additional constraint on the states crossing the cut.

115 For a more sophisticated treatment of the interpretation of what logs are summed at what order, see [162].

In particular, they explore how to make direct comparisons between summed QCD and SCET results,

providing insights into both approaches.
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For the B → Xs γ example, one would interpret the symbol “
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” crossing a photon line as

the replacement

1

p2 −m2 + i0
−→ −2iπ δ

(
p2 −m2

)
θ
(
p0
)
δ
(
Eγ − Emeasured

γ

)
, (6.98)

where Eγ is the dynamical energy of the photon that flows through the diagram, and

Emeasured
γ is the energy of the photon fixed by the observable. This yields a computation

of the observable dΓB/dEmeasured. This technique is useful since it keeps careful track of

various factors that appear when cutting all the possible channels of the relevant diagrams.

Furthermore, this measurement function can be given an operator definition, which allows

one to apply power counting rules to the measurement function, thereby ensuring that the

EFT models the impact of the measurement consistently. Note that the region of validity

where SCET is appropriate is in the limit Emeasured → mb/2, known as the “endpoint.”

When one is interested in an inclusive observable, then the operator product expansion

likely provides a better approximation.

When one is computing a complicated observable, especially if it is differential in some

variable as in the situation we were just discussing, one often finds that the resulting

spectrum is a generalized function or distribution [165], see [166] for a book on generalized

functions. For example, the resulting endpoint differential spectrum for the B meson

decay [163, 164] contains on a factor of δ
(
mb/2 − Emeasured

γ ), and also depends on “plus

functions.” A plus function arises from the expansion of the dimensionally regulated factor

1

(1− x)1+ε
= −1

ε
δ(1− x) +

1

[1− x]+
− ε
[

log(1− z)

1− z

]

+

+ · · · , (6.99)

where the plus function is defined as

∫ 1

0

dx
f(x)

(1− x)+

=

∫ 1

0

dx
f(x)− f(1)

1− x , (6.100)

which implies that 1/[1− x]+ 6= 1/(1− x). For example, this factor appears in the DGLAP

evolution equations that govern the RG scaling of the parton distribution functions see e.g.

the relevant discussion in [3] and [50]. One way to think about why these objects appear

is that the RG sums logs but does not change the power law structure of the observable.

Therefore, if the calculation of an observable includes a factor like 1/(1− x) to some power,

then then one encounters plus functions when applying dim reg and Taylor expanding about

x = 1.

Note that integrated distributions are normal functions, and so it is often more

straightforward to work with an integrated distribution, and then differentiate it to yield
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the spectrum. For example, we could define a cumulant for the B partial width as

Γcumulant
B

(
Emeasured
γ

)
=

∫ mb/2

Emeasured
γ

dE
dΓB
dE

, (6.101)

which is simply a function of the photon energy.

Another complication that can arise is that factorization theorems may require non-

perturbative input. The most famous example is the factorization of parton distribution

functions, which schematically takes the form116

σ =

∫ 1

0

dx1

∫ 1

0

dx2 fa
(
x1

)
fb
(
x2

)
× σ̂

(
x1 P, x2 P, · · ·

)
, (6.102)

where the xi are momentum fractions, fa/b(xi) is a parton distribution function, and

σ̂ is a partonic cross section. Although one can derive operator definitions and RG

evolution equations for the parton distribution functions (the DGLAP equations mentioned

previously), they must ultimately be determined by comparing to data. Note that

when performing an inclusive measurement, this factorization holds. However, in more

complicated cases with measurements, this simple factorization is modified and additional

tools like SCET become relevant. Schematically, this picture looks something like

p

p
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where we have labeled a variety of effects (including the non-perturbative physics of parton

116 One might complain that this formula is not simply a product of functions, and so it is not technically

“factorized.” However, this is simply an artifact of the space one is choosing to work in, e.g. this formula

becomes a simple product of functions when Fourier transformed to position space. Then it can be

convenient to perform scale setting in the factorized space, and then transform back.
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distributions and hadronization) that must be taken into account if one wishes to compute

a complicated realistic observable.

Finally, we note that the process dependence of SCET implies that one must be careful

when expanding out the Full Theory into EFT modes. In particular, recent developments

in additional factorizations, which can be relevant to multi-scale problems such as jet

substructure [167–171], and progress understanding the nature of factorization violation

in SCET due to so-called Glauber modes [153], makes it clear that there are a variety of

modes that can in principle contribute (we have dropped an overall factor of M for brevity):

hard: ph ∼ (1, 1, 1)

collinear: pc ∼
(
λ2, 1, λ

)

anti-collinear: pc̄ ∼
(
1, λ2, λ

)

soft: ps ∼
(
λ, λ, λ

)

ultra-soft: pus ∼
(
λ2, λ2, λ2

)

soft-collinear: pcs ∼ (1− x)
(
1, λ2, λ

)

anti-soft-collinear: pc̄s ∼ (1− x)
(
λ2, 1, λ

)

non-relativistic: pnr ∼
(
1, 1, λ

)

Glauber: pG ∼
(
λ2, λ2, λ

)
, (6.103)

where for the collinear-soft, we are assuming an additional scale (such as an endpoint

measurement where the parameter x → 1) implies the presence of an additional small

parameter (1 − x), and the Glauber scaling can be generalized as discussed in [123]. This

makes it clear that the IR of gauge theory can be quite complicated, and one must take care

when matching a Full Theory onto SCET.

This concludes our discussion of the technical aspects of SCET. The final section closes

these lectures by provides some much needed connections to physical examples, first for

EFTs of Goldstone bosons, and then for SCET.
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7. A Bit More Physics

If I have come close to accomplishing the goals I set for myself when concocting the

topics covered in these lectures, you should now have a non-trivial level of comfort with

the approach to separating scales where one matches a Full Theory onto an EFT in the

UV, and subsequently sums logs by running the EFT Wilson coefficients to the IR. The

application of EFTs within particle physics is so ubiquitous, I made the hopeful assumption

that the reader would find the motivation to read these lectures self evident. However, it

should also be obvious that some very important topics have been neglected. Although

you were forewarned, you might still be appalled at the lack of physics contained here. To

that end, I will take some time in this concluding section to emphasize some of the most

important concepts that any reasonable Effective Field Theorist should have in her toolkit.

This discussion is additionally supplemented by a short EFT bestiary in Appendix A. Due

to the enormity of what can be done with SCET, I also decided it would be useful to include

some closing comments on the physics that has been explored with this framework as well.

I also will take this opportunity to remind you of the presence the annotated bibliography

given in Appendix B, which I hope will provide some guidance for your future EFT endeavors.

(Goldstone) EFTs and Physics

One intuitive jumping off point for a set of lectures on EFTs would be a discussion

of Fermi theory and the weak interactions, and in fact many of the excellent lectures on

EFTs that already exist do exactly that (see Appendix B). This would be nicely followed

by a discussion of applications to low energy QCD, since all on its own, the fact that the

interactions of light mesons can be modeled in detail as a theory of Goldstone bosons, even

though the Full Theory description is strongly coupled, makes a deeply compelling case

for the study of EFTs. My early outlines of these lectures had prominently featured the EFT

of Goldstones, and so as an attempt to assuage my guilt over the lack of physics contained

in what you have in front of you, I will briefly describe the physics I would have reviewed if

I had followed that approach.

A Goldstone boson is the massless (a condensed matter physicist might call this gapless)

excitation associated with the spontaneous breaking of a global symmetry.117 Since it is

massless, it persists to the IR and should be included as a degree of freedom in a low

energy EFT. If the global symmetry is exact, then the EFT Lagrangian for the Goldstones

117 This assumes the breaking preserves Lorentz invariance. For a treatment of Goldstone bosons in non-

relativistic systems, see e.g. [172, 173].
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is entirely determined by its particular symmetry breaking pattern, which can be derived by

relying on the constraints imposed by the coset structure G/H, where G is the full global

symmetry group and H is the subgroup of G that remains unbroken when the spontaneous

symmetry breaking is active [174, 175]. Additionally, introducing explicit violations of the

global symmetry in a controlled way yields masses for the now pseudo-Goldstone bosons,

along with new interactions.

When applied to the Standard Model, this framework is known as the “chiral Lagrangian”

or “chiral perturbation theory” since it is the manifestation of chiral symmetry breaking

in the quark sector, see e.g. [176–179] for some reviews. The quark sector has an

approximate U(3)L×U(3)R global symmetry since the up, down, and strange quark masses

are small compared to the confinement scale of QCD. Then the input assumption for chiral

perturbation theory is that strong dynamics at the QCD scale break this symmetry down to

the diagonal U(3)V , and the light quark masses play the role of the small global symmetry

breaking. Identifying the pions and Kaons with the resulting pseudo-Goldstone bosons,

yields a phenomenal phenomenological model of low energy QCD. One can derive the

couplings of these Goldstones to nucleons, which yields a rich set of observables and gives a

reasonable first approximation for nuclear binding effects. It is additionally possible to gauge

an unbroken global U(1) symmetry, which induces couplings to the photon. Furthermore,

the anomalous nature of the global symmetry structure yields a calculable Wess-Zumino-

Witten term, which leads to a variety of effects, e.g. it explains how the neutral pion can

decay to a pair of photons. There are a number of additional topics that could have been

covered, e.g. naive dimensional analysis as an approach for estimating the size of operators,

chiral perturbation theory at loop level, and the connection between extending the global

symmetry to include a “hidden local symmetry” as a model for the ρ-meson. The physics

of light mesons also provides a nice segue to exploring the related meson phenomenology

described by Heavy Quark Effective Theory [180–185]. This framework allows one to treat

the physics of heavy mesons in a controlled way by isolating the strongly coupled effects of

QCD utilizing a factorization theorem.

There are a number of subjects that have compelling relations to the chiral Lagrangian.

One of my favorite examples is Seiberg duality [186], which serves as an incredibly rich

playground for a calculable theory of mesons akin to the chiral Lagrangian. Seiberg’s

brilliant insight was that supersymmetric QCD-like theories (labeled by a number of colors

Nc and a number of flavors Nf ) can expose the physics of (supersymmetric) mesons in

a completely controlled way, see e.g. [187] for early lectures and [80] for a comprehensive

modern treatment.118 The duality is a mapping from a quark description that is strongly

118 One might argue that talking about Seiberg duality as an EFT is misleading since it neglects the fact
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coupled in the IR to a theory of mesons that is weakly coupled in the IR. This is a rich

subject that works as a beautiful example of EFT reasoning. It takes advantage of the

powerful constraints imposed by supersymmetry (in particular that the superpotential is

not renormalized), along with a concept for matching two theories that was not covered

in these lectures known as “anomaly matching” [78]. This is the idea that if two theories

have a chance of describing the same physics in the IR, they must manifest the same global

symmetries. Then one can perform current correlator calculations to check if any of these

global symmetries are anomalous. The presence of an anomaly is an all-orders statement, it

cannot be altered by an RG flow. Therefore, if any of the global symmetries are anomalous in

one theory, the anomaly must also be present in the dual theory, which constrains the allowed

particles and charges. This provides a necessary condition that the two theories describe the

same IR physics. In this sense, one derives a non-perturbative matching between a quark

and meson description of the same IR dynamics.119

There is another incredible application of Goldstone EFTs that would have been exciting

to highlight: the Effective Theory of Inflation [194], and see [195, 196] for reviews. This EFT

is based on the realization that the physics of slow-roll inflation has a description in terms of

a spontaneous breaking of the global Lorentz spacetime symmetry. Specifically, the inflaton

is identified as the Goldstone boson of spontaneously broken time-translation invariance,

since the slowly evolving background can be interpreted as setting a clock. It is possible to

derive a universal Lagrangian for slow roll inflation as an EFT expansion, which allows one

to infer the number of independent observables at a given order in power counting. One can

compute deviations from the Gaussian predictions within the EFT, which can be mapped

there is no controlled expansion beyond leading order. Specifically, the heavy mass limit for a quark only

works in infinite or zero mass limit, i.e., Seiberg duality is a statement about the deep IR. The two dual

descriptions really are different theories that happen to flow in to the same IR description, see [188] for

an explicit demonstration of the consequences of this fact.
119 For the interested reader, I will highlight a few more features of Seiberg duality. One of the key aspects

of the construction relies on a non-perturbative instanton calculation for the case when Nf = Nc − 1

that determines the precise form of the so-called ADS superpotential that is a consequence of strong

dynamics [189, 190]. Then by relying on the physics of decoupling, one can introduce masses for the

quarks, take them to be large and match this theory with a heavy quark onto an EFT that has one fewer

flavor. Various dynamical phases of supersymmetric gauge theories can be inferred, including an example

theory that confines without breaking chiral symmetry, manifesting “s-confinement” [191]. Additionally,

one can argue for the existence of the “conformal window” for theories that satisfy 3/2 < Nf/Nc < 3 [186].

The claim is that supersymmetric QCD models that satisfy this relation between Nf and Nc are conformal:

the theories at the high edge of this window have an incalculable strongly coupled fixed point, while those

at the bottom edge are an example of a weakly coupled “Banks-Zaks” [192] fixed point. Finally, there are

compelling connections to be made to a version of the chiral Lagrangian that incorporates the ρ meson

using the hidden local symmetry technique mentioned above [193].
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onto interactions in the Full Theory. This EFT sharpens the question of what aspects of

UV models for inflation can be probed using observations. There is another EFT relevant

for cosmology, which is the EFT for large scale structure which allows one to connect Wilson

coefficients directly to the results of N -body cosmological simulations [197, 198]. This is an

EFT to describe deviations from the perfect fluid which is a good approximation of the dark

matter distribution until non-linear structure formation takes over. Taken together, these

formalisms demonstrate the relevance of EFT techniques to precision cosmology.

In an alternate timeline, the lectures you have before you would have introduced you

to these topics. For additional examples of EFT applications (including some overlap with

what was just said here), see Appendix A.

SCET and Physics

Most of what you need to know to work with SCET was introduced in the main body

of these lectures. However, given the minimal connections to physics, it is worthwhile to

briefly describe how this framework has been applied to real world processes. I should

emphasize that working with SCET has become a subfield all of its own, and a much more

comprehensive discussion of applications is provided in [122, 144].

The framework of SCET was discovered as a way to sum logarithms that appear heavy

meson decays, e.g. the B-meson decay channel B → Xs γ, where Xs is a “jet” that includes

a strange quark, B → Xs e
+ e−, and B → Xu ` ν̄, where Xu is a “jet” that contains an up

quark. These partial widths can be computed using Heavy Quark Effective Theory, where

the decay can be modeled using the operator product expansion, see e.g. [199, 200] for a

calculation of B → Xs γ. These calculations manifest a kinematic Sudakov double log when

one restricts the phase space of the final state, e.g. when the photon energy is near half the B

mass. This motivated the invention of SCET [145], which was used to sum the large logs and

provide an RG improved prediction for the B partial decay widths. This was then followed

up by refinements of the calculation and calculations of the spectrum near the endpoint

2Eγ/mb [145, 163, 201–203], and sub-leading power contributions to B decays were also

computed [138]. Around the same time, the SCET approach to deep inelastic scattering

was pioneered in [204].

There have also been many applications to collider physics. For example, SCET was

used to sum QCD corrections to the thrust observable at an e+ e− collider, which allowed

for a precision αs extraction from LEP data [205]. The thrust calculation has also recently

been computed including sub-leading power corrections [132], providing the first concrete

calculation of a collider observable beyond leading order in SCET power counting. SCET
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techniques have also been applied at hadron colliders. The factorization of initial state

jets from the parton distribution functions was explored in [206]. The hadron collider

production of the Higgs boson in the gluon fusion channel including summation for jet

vetos was done in [207, 208]. There has also been recent progress in taking a SCET

description and factorizing it into a sub-SCET, which allows logarithms associated with

jet substructure (e.g. logs of the jet radius parameter) to be summed [167–171]. Finally,

some interesting studies that turned SCET ideas on their head to make rigorous statements

about perturbative QCD amplitudes was performed in [209–212].

Given the extent to which SCET (and for that matter so much of collider physics in

general) depends on the factorization of observables, it is interesting to study the systematics

of factorization violating effects. One source of these effects are due to Glauber modes.

The proof that Glauber modes only contribute an overall phase to the matrix elements

for the Drell-Yan process was a critical component of the original demonstration of the

factorization for the parton distribution functions [213]. Not only are the presence of Glauber

modes a potential harbinger of factorization violation, they are also a critical to include if

one is modeling the forward scattering (or Regge) limit of a cross section when |t| � s.

SCET in the presence of Glauber modes has now been studied extensively [153], including

recent results computing the Glauber contribution from t-channel quark exchange [214],

and for electroweak factorization violating effects [215]. There is another potential source

of factorization violation, known as non-global logarithms [216]. These can occur in the

presence of a hierarchy of scales when radiation from one side of an event can non-trivially

impact the kinematics of the other side. The summation of this class of logarithms can be

performed in the limit of a large number of colors using the so-called BMS equation [217].

Non-global logarithms have additionally been cast in the language of SCET [170, 218]. Using

a conformal transformation, non-global logarithms can be related to the BFKL equation that

governs the evolution of logarithms that appear in the Regge limit [219].

I am compelled to close this discussion with examples of SCET applied to physics beyond

the Standard Model, both because this is in close alignment with the topics covered at TASI

2018, and especially because this gives me the opportunity to unabashedly highlight some

of my own work. My personal entry into the world of SCET started with the realization

that heavy wino annihilation to photons suffers from a large Sudakov log that has an O(1)

impact on the NLO prediction [220]. This large log is not due to kinematics, but instead

emerges because the final state is restricted to contain a photon, which one is an allowed final

state since electroweak symmetry is broken. This causes an imprecise cancelation between

the virtual and real emission diagrams, yielding a Sudakov double log. This motivated

myself and collaborators, along with two other groups, to apply SCET to sum the total

annihilation rate [221–226]. We then followed this up to compute the spectrum [227, 228],
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which involves introducing a measurement function as discussed above, and relied on multi-

stage factorization techniques to separate the multiple scales in the problem. There have

also been applications of SCET to general relativity in [229, 230], where the soft sector can

be shown to eikonalize and factorizes in QCD, but the collinear sector does not manifest

any divergences. On another front, there have been recent studies applying SCET to a

hypothetical post-discovery scenario where a new heavy beyond the Standard Model particle

has been observed at the LHC or a future collider [231, 232]. Finally, I have recently

been involved in understanding the interplay of SCET and supersymmetry. We now have

understood how to formulate superspace in the collinear limit. In [233, 234], we constructed

theories in collinear superspace from the top down by “integrating out half of superspace.”

Now, we have understood the bottom-up EFT rules for working with superfields in collinear

superspace, with a particular emphasis on the action of RPI, and have uncovered some novel

superfield objects that do not exist in the Lorentzian version of N = 1 supersymmetry [110].

This discussion should make it pretty obvious that SCET has tremendous relevance for

physics of the Standard Model and beyond. There is no question that the framework of

SCET will continue to be explored and applied to more phenomena.

• Exercise: What did these lectures inspire you to go calculate?
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Appendix A. The Effective Theory Zoo

There are far too many EFTs to list comprehensively.120 However, in the interest of

making the point that these techniques apply to many situations, I was compelled to provide

this appendix. I will briefly discuss some important EFTs, highlighting a few of their most

salient features.

• Fermi’s Theory of the Weak Interactions [236]: Perhaps the first EFT that

a student of particle physics learns is Fermi theory, which describes the low energy

limit of the weak interactions as invented by Fermi to model β decay. This EFT

can be derived from the Standard Model by integrating out the W boson, yielding

a description of the weak interactions as contact operators between Standard Model

fermions, e.g. GF

(
ū γµ PL s

)(
d̄k γµ PL u

)
, where u is the up quark, d is the down quark,

s is the strange quark, γµ are the Dirac matrices, PL is the left-projection operator, and

GF ∼ g2
2/m

2
W is the Fermi constant (g2 is the weak coupling constant, and mW is the W -

boson mass), which can be determined through a matching calculation. This is effectively

just a fancy real world version of the example we discussed above in Sec. 3 A.

• The Euler-Heisenberg Lagrangian [237] (see e.g. [238] for a review and the discussion

in [3], and a recent experimental proposal that has a shot at measuring it for the first

time [239–241]): This is the EFT of electromagnetic field interactions, where the electron

has been integrated out. It describes photon-photon scattering when expanded in the

weak field limit, with a coefficient ∼ α2/m4
e, where α is the electromagnetic fine-structure

constant, and me is the electron mass. It is particularly interesting because this calculation

holds to all orders in the electro-magnetic field, such that it can be extended to the strong

field regime. This allows one to describe effects like Schwinger pair production [242],

when interpreting the term as arising from an instanton-like effect. One recent extension

has been to write down an EFT description for the propagation of charged particles in a

magnetar magnetosphere, where both strong electric fields and a dilute plasma exist [243].

• Chiral Perturbation Theory (see e.g. [176–179] for some reviews): This is the EFT of

the light mesons in QCD, which relies on identifying the pions and Kaons as Goldstone

bosons of a flavor symmetry that is spontaneously broken by the confinement of QCD.

This is an example where matching is not useful, since the scale where one would attempt

to perform a matching calculation would be µ ∼ ΛQCD, where we do not have perturbative

control of the theory. However, this does not stand in the way of being able to use this

EFT to extract a tremendous amount of physics by enforcing the symmetry structure,

providing insight into the nature of low energy QCD and nuclear physics. A discussion of

this EFT was provided in Sec. 7 above.

• Heavy particle EFTs [180–183] (also see the review [184] and book [185]): An EFT for

heavy particles can be written down by modeling these states as classical static sources

120 To my knowledge, the best attempt can be found via the online course [235].
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with small residual quantum fluctuations. This implies a preferred frame, namely the rest

frame of the heavy particle where vµ = (1, 0, 0, 0). One can then write down a systematic

operator expansion by expanding the momentum of the heavy state as pµ = M vµ + kµ,

where the small momentum kµ provides a power counting parameter. This approach has

yielded many important quantitative successes when applied to heavy meson decays.

• EFTs for Non-relativistic Processes [244, 245], (also see [246] for a review): This can

be seen as an extension of the heavy particle EFT, where a further matching is performed

onto non-relativistic quantum mechanics so that perturbative bound state effects can

be systematically treated. This leads to a multi-scale problem since now p ∼ M v and

E ∼ mv2 are both necessary power counting parameters. This EFT has applications to

quarkonia, can be used to calculate the Lamb shift in QED, and leads to the intriguing

notion of a velocity RG. A related approach has recently been applied for understanding

black hole inspirals [247]. Another aspect of these EFTs is their application to scattering

calculations. This has been explored in the context of nucleon scattering in e.g. [73, 248].

• Soft Collinear Effective Theory [137, 138, 140, 141, 145, 149] (also see [135] for an

early attempt known as Large Energy Effective Theory): Given that essentially half of

these lecture notes are devoted to SCET, it had to be put in this list. The basic idea is to

develop an EFT for summing large Sudakov double logarithms. This EFT is incredibly

rich, and there are a tremendous number of applications, so if you are curious about it we

encourage you to read the body of these lectures.

• The EFT of Inflation [194] (also see [195, 196] for reviews): There is an EFT description

of inflation, where the inflaton is treated as a Goldstone boson that results from the

spontaneous breaking of time-translation invariance due to the slowly varying vacuum

energy that was present during inflation. This EFT demonstrates the universal nature of

inflation (in that the leading order Lagrangian only depends on the scale of inflation and

the speed of sound), and allows a systematic organization of the observables that result

from quantum fluctuations of the inflaton.

• The EFT of Gravitational Inspirals [249] (also see [250, 251] for a review): This EFT

is obviously relevant now that we live in a world where the observation of gravitational

waves from binary inspirals has become routine. This EFT organizes the post-Newtonian

expansion of general relativity, where there are three relevant scales to keep track of: the

size of the inspiraling object, the orbital radius, and the wavelength of the gravitational

radiation.

• The EFT of the Fermi Surface [252–255]: A demonstration of the fact that EFTs are

a useful formalism to describe pseudo-particles in non-relativistic systems is the EFT that

describes excitations of the Fermi surface. This allows one to explore phases of the Fermi

liquid using EFT techniques.

Since I have to stop somewhere, I might as well leave it at this, apologize to the reader who’s

favorite EFT did not make this list, and move on to my annotated bibliography.
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Appendix B. A Brief Annotated Bibliography

In this appendix, I will feature many of the resources that are available for learning

about EFTs and advanced field theory techniques. Furthermore, this will provide me with an

opportunity to acknowledge many of the resources that were used heavily when constructing

these lectures. I have organized the references into three categories. The first set are broadly

EFT centric, and in particular provide many real world physical applications which are

notably absent from what is presented in these lectures. The second set are specific to

SCET, and provide many details and applications that go beyond our goal of simply setting

up the framework. Finally, I highlight a few technical resources that one might find to be

very useful when attempting to perform tricky integrals or deal with subtle aspects of dim

reg and the RG.

A Variety of Perspectives on EFTs

• Aneesh Manohar’s 2017 Les Houches lectures [64] and 1995 Lake Louise Winter Institute

lectures [63]: The 2018 lectures provide details for many physical examples, both for

determining the degrees of freedom and power counting schemes. This is followed by a

comprehensive introduction to matching and running. In particular, the inspiration to

study the heavy-light integral in Sec. 3 E came from these notes. The 1995 lectures include

an extensive discussion of the EFT for the weak interactions at low energies at tree and

loop level, a discussion of loop-level heavy particle decoupling, and an introduction to

chiral perturbation theory, including coupling of heavy quarks to the Goldstones.

• Matthias Neubert’s 2017 Les Houches lectures [256]: These lectures cover renormalization

theory for QED and QCD. Multiple renormalization schemes are emphasized. Then

applications to EFTs and the notion of renormalizing a composite operator is discussed.

One of the goals of these notes is to serve as an introduction to the three 2017 Les Houches

lectures highlighted here [64, 144, 179].

• Antonio Pich’s 2017 Les Houches lectures [179]: These lectures provide a systematic

introduction to EFTs of Goldstone bosons. First the general formalism is reviewed. This is

followed by applications to chiral Perturbation theory, including a discussion of symmetry

breaking effects, quantum anomalies, the large Nc limit, and some phenomenological

applications. Then the Standard Model EFT is treated with an emphasis on the Goldstone

nature of the Higgs boson.

• David B. Kaplan’s 2005 National Nuclear Physics Summer School lectures [257] and

Institute for Nuclear Theory 1995 Summer School lectures [258]: The 2005 lectures

cover many applications and techniques of EFTs, including a beautiful EFT driven

discussion for why the sky is blue, chiral perturbation theory, nucleon EFTs, and

color superconductivity. The shorter 1995 lectures also provide many insights into the

philosophy and framework of EFTs, along with a few examples.



171

• Ira Rothstein’s 2002 TASI lectures [246]: These notes provide a detailed introduction to

the matching and running technology, followed by an introduction to EFTs for non-

relativistic bound states (NRQCD), and an EFT approach to theories of large extra

dimensions. Strong emphasis is place on the details of the RG for these models.

• Alexey Petrov and Andrew Blechman’s book [53]: This is a comprehensive introduction

to EFTs. After a discussion of techniques, many examples are presented including chiral

perturbation theory, Heavy Quark Effective Theory, NRQCD, SCET, higher dimensional

operators for the Standard Model, and EFTs of gravity. They provide a nice organization

of types of EFTs: those where it is possible to match onto a UV theory, and those where

this is not possible but the symmetries of the EFT are enough to extract useful physics.

• Iain Stewart’s 2013 edX course [235]: This is a full course on EFTs. It is freely available

online, and provides access to a remarkable set of resources including video lectures,

homework assignments, and lecture notes.

• Howard Georgi’s 1993 review [54]: This review emphasizes the philosophy of EFT

techniques. There are a purposefully minimal number of expressions, allowing plenty

of space to emphasize the conceptual underpinnings of the EFT approach.

• Aneesh Manohar and Mark Wise’s book [185]: This monograph provides a comprehensive

introduction to Heavy Quark Effective Theory. Many techniques and applications are

presented, with an emphasis on the physics of heavy mesons in the Standard Model.

• Matthew Schwartz’s book [3]: This book is referenced here for two reasons. First, I have

largely followed its conventions, so this is a useful resource if one is interested in double

checking factors of 2 or i. Furthermore, it includes introductions to the Euler-Heisenberg

Lagrangian, Heavy Quark Effective Theory, SCET, and (of course) the Standard Model.

• Witold Skiba’s 2009 TASI lectures [70]: These lectures begin with an explanation of

EFT techniques, including a comprehensive discussion of the hierarchy problem. This is

followed by applications to the EFT approach to precision electroweak calculations.

• Markus Luty’s 2004 TASI lectures [69]: Although these are lectures on supersymmetry

breaking, they open with an introduction to EFTs, emphasizing the hierarchy problem.

• Joseph Polchinski’s 1992 TASI lectures [97]: These lectures provide a condensed matter

focused point of view on EFTs. The EFT of the low energy modes for a conductor are

presented, with applications to Fermi liquids and high-Tc superconductors.

• Walter Goldberger’s 2006 Les Houches lectures [250]: Following a discussion of EFT

techniques, these lectures provide an introduction to the EFT for the gravitational wave

spectrum resulting from binary inspirals.

• Kenneth Wilson and John Kogut’s 1974 Physics Reports review [56]: This reference is

included here because it is a candidate for the first review of EFTs, co-authored by one of

the inventors of the approach. The emphasis here is on critical phenomena in statistical

mechanics.
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Soft Collinear Effective Theory Reviews

• Thomas Becher, Alessandro Broggio, and Andrea Ferroglia’s book [122] and Thomas

Becher’s 2017 Les Houches lectures [144]: The impact of this SCET book and lectures on

the development of these notes cannot be overstated. In particular, the notion of a scalar

version of SCET was (to our knowledge) first introduced here, which is one of the main

examples studied in what follows. While they did explain and set up all of the general

framework, these authors then chose to work out the details of a 6-dimensional version

of the scalar SCET theory, which has some important differences with our 4-dimensional

example. Many explicit integrals have been taken from these resources. Furthermore,

the details of the QCD example presented below rely heavily on [144]. These resources

additionally provide many detailed applications to QCD processes.

• Iain Stewart and Christian Bauer’s lectures [142]: These lecture notes provide one of

the most comprehensive introductions to SCET on the market (even though they are

currently unfinished), and the notes you have before you have been heavily influenced by

them. The first half is devoted to a detailed introduction setting up the EFT degrees of

freedom, Lagrangian, and operator structure. Then applications to QCD are emphasized,

including B meson decays, e+ e− → 2-jets, and more.

Techniques and Integrals

• Vladimir Smirnov’s books [103] and [104]: These two books are very comprehensive

resources for evaluating integrals that appear for the Feynman diagram expansions

in EFTs. They also provide an introduction to the method of regions approach to

evaluating integrals that we will use below. Specifically, “Applied Asymptotic Expansions

in Momenta and Masses” [103] is entirely devoted to the systematics of regions analysis,

while “Analytic tools for Feynman integrals” [104] provides insights into evaluating multi-

loop integrals using modern techniques.

• John Collins’s books [52] and [114]: These are two monographs on advanced topics in

field theory. The book “Renormalization” [52] provides a very comprehensive approach

to the RG, including many of the technical details that underlie the formalism introduced

above. Highlights include a rigorous definition of dimensional regularization, a discussion

of how to treat multi-loop integrals (including nested divergences), and a proof of the RG

invariance of bare parameters. The book “Foundations of Perturbative QCD” provides

an extremely detailed introduction to factorization in QCD.

• George Sterman’s book [120]: This introductory QFT text book has a comprehensive

discussion of IR divergences and factorization in QCD.
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