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Parton densities: hors d’œuvre
 Parton densities    relevant for the search of New Physics… 

                                      …crucial role in the understanding and exploration of QCD 

  Describe the internal structure of the nucleon in terms of its elementary constituents (quarks and gluons)  

  Nonperturbative objects that enter the expression of cross sections 

  Can be extracted from experiments via global fits

→

→
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                                      …crucial role in the understanding and exploration of QCD 

  Describe the internal structure of the nucleon in terms of its elementary constituents (quarks and gluons)  

  Nonperturbative objects that enter the expression of cross sections 

  Can be extracted from experiments via global fits
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 Several types of distributions (1D collinear, 3D TMD, …) 

  Respect different factorization theorems 

  Exhibit peculiar universality properties 

  Obey distinct evolution equations
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ΔΣ + ΔG + Lq + Lg

quarks helicity

30 %~

orbital angular  
momentum

unknown!

gluons helicity

20% − 50 %~ ?

Total spin carried by quarks and  
gluons does not amount to 1/2,  
one needs orbital angular momentum,  
then a 3D description...  

🔗  (proton spin crisis)  [EMC Collaboration, CERN (1987)] 

The proton spin crisis
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Gauge links and process dependence

2. Unraveling hadron structure

2.7 Gauge links

In order to deal with gauge invariant correlators, we need to introduce the concept
of gauge link. It arises from the geometrical notion of parallel transport, which
defines a way of comparing elements from different linear spaces via the connection.

The transportation of a vector is defined “parallel” if the scalar products are
conserved while the vector is transported along a path in spacetime. This provides
a specific way of moving fields along a path, defining an isomorphism between the
spaces where the fields live. The parallel transport equation for a fermion field  
along the curve c in spacetime parametrized by t 2 R is:

Dċ  (x(t)) = 0 , t 2 I ⇢ R . (2.7.1)

The solution of (2.7.1) is given in terms of a path-ordered exponential factor in-
volving the gauge connection:

 0
�(x(t)) = P exp

⇢
� ig

Z t

0
ds

dxµ

ds
Aa

µ(x(s))T a
�↵

�
 ↵(x(0))

.
= U�↵(x(t), x(0))  ↵(x(0)) . (2.7.2)

U�↵(x(t), x(0)) is a gauge link, or Wilson line. In the case of QCD, it is a matrix in
color space and T a are the Gell-Mann matrices. A gauge link U(x2, x1) connecting
x1 to x2, under local gauge transformations U(x) behaves as [4, 5]:

U 0(x2, x1; A
0) = U(x2) U(x2, x1; A) U†(x1) . (2.7.3)

As a result, the operator
 ̄j(0) U(0, ⇠)  i(⇠) (2.7.4)

is invariant under SU(3) gauge transformations. This shows the interplay between
the geometrical interpretation of the concepts underlying particle physics and the
gauge invariance of the theory. A similar argument holds for matrix elements in-
volved in gluon-gluon correlators (2.5.10), with the difference that we need two links
to ensure gauge invariance:

Fµ⌫(0) U(0, ⇠) F ⇢�(⇠) U 0(⇠, 0) . (2.7.5)

This is because gluons live in the octet representation of 3⌦3⇤ and, accordingly, we
need two color matrices to connect each of the factor representation 3 and 3⇤ [24].
One of the two links might be omitted for sake of brevity from (2.7.5) when both
are chosen along the same path in spacetime. Introducing a Sudakov decomposition
for the gauge field Aµ, we see that the component A+ ⇠ P+ is dominant, AT ⇠ M
is sub-leading, whereas A� ⇠ 1/P+ is suppressed. Given two light-cone directions
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where Q is the hard scale and M is the proton mass. xP describes the hadron mo-
mentum fraction that the parton carries in the n+ = P direction, namely collinear
to the proton. �n is less relevant, being suppressed by a Q2 factor with respect to
xP . Moreover, it is integrated over to automatically ensure time ordering of the
operators. pT is the momentum component transverse with respect to P and n.

In the following, when presenting parametrizations of light front correlators, we
always specify the choice of the frame.

2.6.1 Projections

There are no processes probing the full momentum structure of the correlators.
Depending on what is measured in the final state, there is sensitivity only to cer-
tain projections of the correlators. Considering �ij(p), where p is the full four
momentum of the quark, dropping the P -dependence for convenience and assuming
a light-cone decomposition for p (frame A), we have:

�ij(p)
R

dp�

����! �ij(x, pT )
R

d2pT����! �ij(x)
R

dp+

����! �ij . (2.6.9)

�ij(p) is referred to as the unintegrated correlator. Correlators sensitive to p+ =
xP+ and pT enter cross sections where a particle is detected in the final state,
together with its momentum transverse with respect to a defined direction (e.g.
the ẑ axis). For example10 (see the case of SIDIS (2.5.14)):

�ij(x,pT )
.
=

Z
dp��ij(p; P )|p+=xP+

=

Z
d⇠�d2⇠T

(2⇡)3
eip·⇠hP | ̄j(0) i(⇠)|P i|⇠+=0

. (2.6.10)

The minus component is integrated over due to the four dimensional delta distribu-
tion imposing momentum conservation in a scattering process. This is the Trans-
verse Momentum Dependent (TMD) correlator, evaluated on the light-front ⇠+ = 0
(condition that renders time ordering trivial). Correlators sensitive to p+ = xP+

only play a role in more inclusive processes, where no hadrons in the final state
are present, or when one or more hadrons are detected with no sensitivity to their
transverse momenta:

�ij(x)
.
=

Z
d2pT�ij(x,pT )

=

Z
d⇠�

2⇡
eip·⇠hP | ̄j(0) i(⇠)|P i|⇠+=0,⇠T =0

. (2.6.11)

10Prefactors in definition of integrations, as in (2.6.10), depend on the definition of the trace
with other Dirac structures. Here we choose the one given in (C.0.1), following the convention
of [57].

26

2. Unraveling hadron structure

where Q is the hard scale and M is the proton mass. xP describes the hadron mo-
mentum fraction that the parton carries in the n+ = P direction, namely collinear
to the proton. �n is less relevant, being suppressed by a Q2 factor with respect to
xP . Moreover, it is integrated over to automatically ensure time ordering of the
operators. pT is the momentum component transverse with respect to P and n.

In the following, when presenting parametrizations of light front correlators, we
always specify the choice of the frame.

2.6.1 Projections

There are no processes probing the full momentum structure of the correlators.
Depending on what is measured in the final state, there is sensitivity only to cer-
tain projections of the correlators. Considering �ij(p), where p is the full four
momentum of the quark, dropping the P -dependence for convenience and assuming
a light-cone decomposition for p (frame A), we have:

�ij(p)
R

dp�

����! �ij(x, pT )
R

d2pT����! �ij(x)
R

dp+

����! �ij . (2.6.9)

�ij(p) is referred to as the unintegrated correlator. Correlators sensitive to p+ =
xP+ and pT enter cross sections where a particle is detected in the final state,
together with its momentum transverse with respect to a defined direction (e.g.
the ẑ axis). For example10 (see the case of SIDIS (2.5.14)):

�ij(x,pT )
.
=

Z
dp��ij(p; P )|p+=xP+

=

Z
d⇠�d2⇠T

(2⇡)3
eip·⇠hP | ̄j(0) i(⇠)|P i|⇠+=0

. (2.6.10)

The minus component is integrated over due to the four dimensional delta distribu-
tion imposing momentum conservation in a scattering process. This is the Trans-
verse Momentum Dependent (TMD) correlator, evaluated on the light-front ⇠+ = 0
(condition that renders time ordering trivial). Correlators sensitive to p+ = xP+

only play a role in more inclusive processes, where no hadrons in the final state
are present, or when one or more hadrons are detected with no sensitivity to their
transverse momenta:

�ij(x)
.
=

Z
d2pT�ij(x,pT )

=

Z
d⇠�

2⇡
eip·⇠hP | ̄j(0) i(⇠)|P i|⇠+=0,⇠T =0

. (2.6.11)

10Prefactors in definition of integrations, as in (2.6.10), depend on the definition of the trace
with other Dirac structures. Here we choose the one given in (C.0.1), following the convention
of [57].

26

 Light-cone: ,  

 Straight gauge link (unique!) 

  light-cone: WL 

ξ+ = 0 ξ = 0

(A+ = 0) = 1̂

  Universality warranted

  Hors d’œuvre



5

Gauge links and process dependence

2. Unraveling hadron structure

2.7 Gauge links

In order to deal with gauge invariant correlators, we need to introduce the concept
of gauge link. It arises from the geometrical notion of parallel transport, which
defines a way of comparing elements from different linear spaces via the connection.

The transportation of a vector is defined “parallel” if the scalar products are
conserved while the vector is transported along a path in spacetime. This provides
a specific way of moving fields along a path, defining an isomorphism between the
spaces where the fields live. The parallel transport equation for a fermion field  
along the curve c in spacetime parametrized by t 2 R is:
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Gluon TMDs: gauge links and modified universality
Single-spin asymmetries    process dependence of TMDs via gauge links 

Color flow    integration paths of gauge links calculable 

Gluon TMDs    more complicated structure with respect to quark staple links 

Factorization-preserving processes    two main kinds of modified universality 

Different classes of processes    distinct gluon TMDs, not related to each other 

→

→
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→

→

1.1  Gluon TMDs: modified universality 7
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FIG. 1: A number of gauge link structures [U,U ′] illustrated. In these figures, the two big dots represent the coordinates of 0
and ξ. The horizontal axis is the light-cone direction n− and the vertical axis represents the transverse directions. The four
simplest gauge link structures are (a) the [+,+†] gauge link, (b) the [−,−†] gauge link, (c) the [+,−†] gauge link and (d)
the [−,+†] gauge link. Another structure occurring for type 1 correlators is the (e) [+!,+†

!
†] gauge link. In (f) the type 2

gauge link structure [+,+†(!)] can be seen. Two gauge link structures corresponding to correlators of the third type are (g)
[(F (0)!), (F (ξ)!†)] and (h) [(F (0)!†), (F (ξ)!)].

A. Correlators of the first type

The first type of operator structures contains one color trace and therefore has the simplest gauge link structure that
is possible for gluon correlators. This color trace contains both the gluon field operators F (0) and F (ξ) with gauge
links running between these two fields and appears when the color in a diagram contributing to the full amplitude
flows in just a single color loop. Examples of processes containing such a color structure are processes with colorless
particles in the final state, such as the gluon Drell-Yan process and Higgs production through gluon fusion (gg → H),
of which the color flow is simple (we will come back to this later), resulting in the gauge link structure in Fig. 1b. For

these processes the gauge links run through minus light-cone infinity and the notation Γ[−,−†] is used to describe the
link dependence of the correlator. In other processes, one or both of the gauge links could run through plus light-cone
infinity, giving the additional gauge link structures Γ[+,−†], Γ[−,+†] and Γ[+,+†]. The latter occurs for example when
all color flows into the final state, e.g. in photon-gluon fusion producing quark-antiquark pairs, in which case both
gauge links run through plus light-cone infinity, involving the correlator Γ[+,+†]. Another relevant gauge link structure
of the first type that occurs in a leading order 2 → 2 process is the gauge link structure in the correlator Γ[+!,+†

!
†],

which is illustrated in Fig. 1e.
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1.1  Gluon TMDs: modified universality 7
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Since the bounds follow from the positive semidefiniteness of N and rely primarily on the operator structure of
the correlator, they can be considered as tests of the TMD formalism (provided the functions are compared at the
same scales). In practical situations, however, the bounds will, rather than serving as tests of the framework, often
be more useful as a check in model or lattice calculations, or as a way to obtain an order of magnitude estimate of
certain TMDs. The latter is commonly done by saturating the bounds. Those estimates could serve, for instance,
as input for an estimate of measurements of particular azimuthal asymmetries.

5.3 process dependence

In general, gluon TMDs depend on the process under consideration through the gauge links. As explained in
subsection 2.3.3, the integration paths of these links depend on the direction of color flow in the hard scattering
process and are calculable. The four simplest and most common gauge links in the gluon case are [+, +], [�, �],
[+, �], and [�, +], see figure 5.1. The [�, �] gauge link appears in processes with color flow annihilated within
the initial state, such as the (gluonic) DY process or Higgs production through gluon fusion (gg ! h) [192, 193].
The structure [+, +], on the other hand, is related to color flow into the final state, which is the case for e.g.
qq̄ production in SIDIS [194]. When color flow involves both initial and final states, the gauge links [+, �] and
[�, +] appear, which is for instance the case in processes with qg ! qg and q̄g ! q̄g partonic contributions,
respectively [72].
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z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

(a)

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

(b)

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

(c)

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
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(d)

Figure 5.1: The integration paths of (a) the [+, +] gauge link, (b) the [�, �] gauge link, (c) the [+, �] gauge link, and (d) the
[�, +] gauge link. The paths run along the light-front h+ = 0 via plus and/or minus light-cone infinity.

The relations between gluon TMDs that feature different gauge link structures have been systematically studied
in [79]. For example, for the T-even unpolarized function f1 and the T-odd gluon Sivers function f ?

1T we have the
following relations [72, 79, 195]:

f [+,+]
1 = f [�,�]

1 , f [+,�]
1 = f [�,+]

1 , (5.42)

f ?[+,+]
1T = � f ?[�,�]

1T , f ?[+,�]
1T = � f ?[�,+]

1T . (5.43)

As it turns out, f [+,+]
1 cannot be related to f [+,�]

1 , and likewise for f ?
1T . Thus, for some processes TMDs are

completely independent from each other and encode distinct information. For this reason, different extractions
could in fact be complementary [196].

In the context of small-x studies, the unpolarized distributions f [+,+]
1 and f [+,�]

1 are often respectively referred
to as the (unintegrated) Weizsäcker-Williams (WW) and dipole distributions [197–199]. These distributions are
considered as the two fundamental gluon distributions at small x. Although in some relatively complicated

70
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

FIG. 1: A number of gauge link structures [U,U ′] illustrated. In these figures, the two big dots represent the coordinates of 0
and ξ. The horizontal axis is the light-cone direction n− and the vertical axis represents the transverse directions. The four
simplest gauge link structures are (a) the [+,+†] gauge link, (b) the [−,−†] gauge link, (c) the [+,−†] gauge link and (d)
the [−,+†] gauge link. Another structure occurring for type 1 correlators is the (e) [+!,+†

!
†] gauge link. In (f) the type 2

gauge link structure [+,+†(!)] can be seen. Two gauge link structures corresponding to correlators of the third type are (g)
[(F (0)!), (F (ξ)!†)] and (h) [(F (0)!†), (F (ξ)!)].

A. Correlators of the first type

The first type of operator structures contains one color trace and therefore has the simplest gauge link structure that
is possible for gluon correlators. This color trace contains both the gluon field operators F (0) and F (ξ) with gauge
links running between these two fields and appears when the color in a diagram contributing to the full amplitude
flows in just a single color loop. Examples of processes containing such a color structure are processes with colorless
particles in the final state, such as the gluon Drell-Yan process and Higgs production through gluon fusion (gg → H),
of which the color flow is simple (we will come back to this later), resulting in the gauge link structure in Fig. 1b. For

these processes the gauge links run through minus light-cone infinity and the notation Γ[−,−†] is used to describe the
link dependence of the correlator. In other processes, one or both of the gauge links could run through plus light-cone
infinity, giving the additional gauge link structures Γ[+,−†], Γ[−,+†] and Γ[+,+†]. The latter occurs for example when
all color flows into the final state, e.g. in photon-gluon fusion producing quark-antiquark pairs, in which case both
gauge links run through plus light-cone infinity, involving the correlator Γ[+,+†]. Another relevant gauge link structure
of the first type that occurs in a leading order 2 → 2 process is the gauge link structure in the correlator Γ[+!,+†

!
†],

which is illustrated in Fig. 1e.

Color flow annihilated within final/initial state 

f-type gluon TMDs     color structure 

Modified universality: 

Phenomenology: Higgs, quarkonia or  in pp, 
two-jet SIDIS, heavy-quark pair SIDIS  

→ f abc

γγ

Weiszäcker-Williams (WW)

(a)    or  (b)   [ + , + ] [ − , − ]
two-jet 
SIDIS

Higgs in 
gluon fusion

-onium 
hadroproduction

γ(*)

Accessing WW and DP gluon TMDs

91.1  Gluon TMDs: modified universality
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Since the bounds follow from the positive semidefiniteness of N and rely primarily on the operator structure of
the correlator, they can be considered as tests of the TMD formalism (provided the functions are compared at the
same scales). In practical situations, however, the bounds will, rather than serving as tests of the framework, often
be more useful as a check in model or lattice calculations, or as a way to obtain an order of magnitude estimate of
certain TMDs. The latter is commonly done by saturating the bounds. Those estimates could serve, for instance,
as input for an estimate of measurements of particular azimuthal asymmetries.

5.3 process dependence

In general, gluon TMDs depend on the process under consideration through the gauge links. As explained in
subsection 2.3.3, the integration paths of these links depend on the direction of color flow in the hard scattering
process and are calculable. The four simplest and most common gauge links in the gluon case are [+, +], [�, �],
[+, �], and [�, +], see figure 5.1. The [�, �] gauge link appears in processes with color flow annihilated within
the initial state, such as the (gluonic) DY process or Higgs production through gluon fusion (gg ! h) [192, 193].
The structure [+, +], on the other hand, is related to color flow into the final state, which is the case for e.g.
qq̄ production in SIDIS [194]. When color flow involves both initial and final states, the gauge links [+, �] and
[�, +] appear, which is for instance the case in processes with qg ! qg and q̄g ! q̄g partonic contributions,
respectively [72].
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z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

(a)

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

(b)

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

(c)

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
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(d)

Figure 5.1: The integration paths of (a) the [+, +] gauge link, (b) the [�, �] gauge link, (c) the [+, �] gauge link, and (d) the
[�, +] gauge link. The paths run along the light-front h+ = 0 via plus and/or minus light-cone infinity.

The relations between gluon TMDs that feature different gauge link structures have been systematically studied
in [79]. For example, for the T-even unpolarized function f1 and the T-odd gluon Sivers function f ?

1T we have the
following relations [72, 79, 195]:

f [+,+]
1 = f [�,�]

1 , f [+,�]
1 = f [�,+]

1 , (5.42)

f ?[+,+]
1T = � f ?[�,�]

1T , f ?[+,�]
1T = � f ?[�,+]

1T . (5.43)

As it turns out, f [+,+]
1 cannot be related to f [+,�]

1 , and likewise for f ?
1T . Thus, for some processes TMDs are

completely independent from each other and encode distinct information. For this reason, different extractions
could in fact be complementary [196].

In the context of small-x studies, the unpolarized distributions f [+,+]
1 and f [+,�]

1 are often respectively referred
to as the (unintegrated) Weizsäcker-Williams (WW) and dipole distributions [197–199]. These distributions are
considered as the two fundamental gluon distributions at small x. Although in some relatively complicated
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FIG. 1: A number of gauge link structures [U,U ′] illustrated. In these figures, the two big dots represent the coordinates of 0
and ξ. The horizontal axis is the light-cone direction n− and the vertical axis represents the transverse directions. The four
simplest gauge link structures are (a) the [+,+†] gauge link, (b) the [−,−†] gauge link, (c) the [+,−†] gauge link and (d)
the [−,+†] gauge link. Another structure occurring for type 1 correlators is the (e) [+!,+†

!
†] gauge link. In (f) the type 2

gauge link structure [+,+†(!)] can be seen. Two gauge link structures corresponding to correlators of the third type are (g)
[(F (0)!), (F (ξ)!†)] and (h) [(F (0)!†), (F (ξ)!)].

A. Correlators of the first type

The first type of operator structures contains one color trace and therefore has the simplest gauge link structure that
is possible for gluon correlators. This color trace contains both the gluon field operators F (0) and F (ξ) with gauge
links running between these two fields and appears when the color in a diagram contributing to the full amplitude
flows in just a single color loop. Examples of processes containing such a color structure are processes with colorless
particles in the final state, such as the gluon Drell-Yan process and Higgs production through gluon fusion (gg → H),
of which the color flow is simple (we will come back to this later), resulting in the gauge link structure in Fig. 1b. For

these processes the gauge links run through minus light-cone infinity and the notation Γ[−,−†] is used to describe the
link dependence of the correlator. In other processes, one or both of the gauge links could run through plus light-cone
infinity, giving the additional gauge link structures Γ[+,−†], Γ[−,+†] and Γ[+,+†]. The latter occurs for example when
all color flows into the final state, e.g. in photon-gluon fusion producing quark-antiquark pairs, in which case both
gauge links run through plus light-cone infinity, involving the correlator Γ[+,+†]. Another relevant gauge link structure
of the first type that occurs in a leading order 2 → 2 process is the gauge link structure in the correlator Γ[+!,+†

!
†],

which is illustrated in Fig. 1e.
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FIG. 1: A number of gauge link structures [U,U ′] illustrated. In these figures, the two big dots represent the coordinates of 0
and ξ. The horizontal axis is the light-cone direction n− and the vertical axis represents the transverse directions. The four
simplest gauge link structures are (a) the [+,+†] gauge link, (b) the [−,−†] gauge link, (c) the [+,−†] gauge link and (d)
the [−,+†] gauge link. Another structure occurring for type 1 correlators is the (e) [+!,+†

!
†] gauge link. In (f) the type 2

gauge link structure [+,+†(!)] can be seen. Two gauge link structures corresponding to correlators of the third type are (g)
[(F (0)!), (F (ξ)!†)] and (h) [(F (0)!†), (F (ξ)!)].

A. Correlators of the first type

The first type of operator structures contains one color trace and therefore has the simplest gauge link structure that
is possible for gluon correlators. This color trace contains both the gluon field operators F (0) and F (ξ) with gauge
links running between these two fields and appears when the color in a diagram contributing to the full amplitude
flows in just a single color loop. Examples of processes containing such a color structure are processes with colorless
particles in the final state, such as the gluon Drell-Yan process and Higgs production through gluon fusion (gg → H),
of which the color flow is simple (we will come back to this later), resulting in the gauge link structure in Fig. 1b. For

these processes the gauge links run through minus light-cone infinity and the notation Γ[−,−†] is used to describe the
link dependence of the correlator. In other processes, one or both of the gauge links could run through plus light-cone
infinity, giving the additional gauge link structures Γ[+,−†], Γ[−,+†] and Γ[+,+†]. The latter occurs for example when
all color flows into the final state, e.g. in photon-gluon fusion producing quark-antiquark pairs, in which case both
gauge links run through plus light-cone infinity, involving the correlator Γ[+,+†]. Another relevant gauge link structure
of the first type that occurs in a leading order 2 → 2 process is the gauge link structure in the correlator Γ[+!,+†
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†],

which is illustrated in Fig. 1e.
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Since the bounds follow from the positive semidefiniteness of N and rely primarily on the operator structure of
the correlator, they can be considered as tests of the TMD formalism (provided the functions are compared at the
same scales). In practical situations, however, the bounds will, rather than serving as tests of the framework, often
be more useful as a check in model or lattice calculations, or as a way to obtain an order of magnitude estimate of
certain TMDs. The latter is commonly done by saturating the bounds. Those estimates could serve, for instance,
as input for an estimate of measurements of particular azimuthal asymmetries.

5.3 process dependence

In general, gluon TMDs depend on the process under consideration through the gauge links. As explained in
subsection 2.3.3, the integration paths of these links depend on the direction of color flow in the hard scattering
process and are calculable. The four simplest and most common gauge links in the gluon case are [+, +], [�, �],
[+, �], and [�, +], see figure 5.1. The [�, �] gauge link appears in processes with color flow annihilated within
the initial state, such as the (gluonic) DY process or Higgs production through gluon fusion (gg ! h) [192, 193].
The structure [+, +], on the other hand, is related to color flow into the final state, which is the case for e.g.
qq̄ production in SIDIS [194]. When color flow involves both initial and final states, the gauge links [+, �] and
[�, +] appear, which is for instance the case in processes with qg ! qg and q̄g ! q̄g partonic contributions,
respectively [72].
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<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

(a)

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

(b)

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

(c)

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
<latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit><latexit sha1_base64="SAGuel2c1ehnOInP8V44zon0A8Q="></latexit>

��
<latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit><latexit sha1_base64="IZoCx0BcW+gpP++8pZXO6Bm/pOs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1Nhr6cNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8flaaOqw==</latexit>

z�
<latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit><latexit sha1_base64="DSNcJ7zAr0ngQJyK4DyfBTZRBp0="></latexit>

z
<latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit><latexit sha1_base64="tPAUHw3MSYNnYnEs41+PzoF4CPQ="></latexit>

�
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(d)

Figure 5.1: The integration paths of (a) the [+, +] gauge link, (b) the [�, �] gauge link, (c) the [+, �] gauge link, and (d) the
[�, +] gauge link. The paths run along the light-front h+ = 0 via plus and/or minus light-cone infinity.

The relations between gluon TMDs that feature different gauge link structures have been systematically studied
in [79]. For example, for the T-even unpolarized function f1 and the T-odd gluon Sivers function f ?

1T we have the
following relations [72, 79, 195]:

f [+,+]
1 = f [�,�]

1 , f [+,�]
1 = f [�,+]

1 , (5.42)

f ?[+,+]
1T = � f ?[�,�]

1T , f ?[+,�]
1T = � f ?[�,+]

1T . (5.43)

As it turns out, f [+,+]
1 cannot be related to f [+,�]

1 , and likewise for f ?
1T . Thus, for some processes TMDs are

completely independent from each other and encode distinct information. For this reason, different extractions
could in fact be complementary [196].

In the context of small-x studies, the unpolarized distributions f [+,+]
1 and f [+,�]

1 are often respectively referred
to as the (unintegrated) Weizsäcker-Williams (WW) and dipole distributions [197–199]. These distributions are
considered as the two fundamental gluon distributions at small x. Although in some relatively complicated
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T-even and T-odd gluon TMD PDFs at leading-twist
2.6. Transverse momentum distributions

gluon pol.

U circ. lin.
nu

cl
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n
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l.
U fg

1 h?g
1

L gg
1 h?g

1L

T f?g
1T gg

1T hg
1, h?g

1T

Table 2.3. Twist-2 gluon transverse-momentum-dependent distribution functions. U,L,T
correspond to unpolarized, longitudinally polarized and transversely polarized nucleons.
U, circ., lin. correspond to unpolarized, circularly polarized and linearly polarized gluons.
Functions in blue are T-even. Functions in black are T-even and survive integration over
pT . Functions in red are T-odd (see Sec. 2.8).

�h1(x, p2
T )
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T + ✏ST {i
T pj}

T

4M

�h?
1T (x, p2

T )
✏{i
T ↵pj}↵ST

T

2M3

#
. (2.6.33)

The relation between the TMDs and the coefficient functions in the parametrization
of the unintegrated correlator can be found in [78]. The functions h?

1L, f?
1T , h1, and

h?
1T are T -odd (see Sec. 2.8). A more traditional form of the parametrization [76,

88] can be recovered expanding the STT forms for the pT tensors (see App. B),
considering the following relation among three h-type functions:

h1(x, p2
T )

.
= h1T (x, p2

T ) +
p2

T

2M2
h?

1T (x, p2
T ). (2.6.34)

For a comparison between the current and previous notations see [78]. Looking at
(2.6.33), we see that h1 is a rank-1 function and h?

1T is a rank-3 function. Consid-
ering the more traditional forms in [76, 88], h1T contains both rank-1 and rank-3
pieces, so it is not a function with definite rank. For this reason, its usage within a
rank expansion or cross sections with TMDs in bT -space would be problematic13.

Eventually note that, despite the similarity in name, the function h1 for glu-
ons is different from the quark transversity function h1 (e.g., it does not survive
integration over transverse momentum). The properties of the gluon TMD PDFs
are summarized in Tab. 2.3. It is possible to introduce gluon TMD fragmenta-
tion functions too. See, e.g, [57, 72]. In App. D we give the parametrization of
the Fourier-transformed gluon distribution correlator, �ij(x, bT ), and the relations
between the TMD PDFs in momentum (pT ) space and position (bT ) space.

13E.g., eqs. (2.17, 2.18, 2.20) in [89] are inconsistent from a rank point of view.
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Assumptions of the model

122.2  T-even gluon TMDs

Lowest Fock state: 
tri-quark spectator 
on-shell and 
with mass MX

Yg(p
2)
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M, P MX

p
   Spin-1/2 spectator



Assumptions of the model

mimics proton form factors  
(conserved EM current 

of a free nucleon)
Yµ
g = g1(p

2)�µ + i
g2(p2)

2M
�µ⌫p⌫
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�
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   Nucleon-gluon-spectator vertex

122.2  T-even gluon TMDs

Lowest Fock state: 
tri-quark spectator 
on-shell and 
with mass MX

Yg(p
2)
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Assumptions of the model

1. -integrated TMDs have to reproduce PDFs  
at the lowest scale ( ) before evolution 

2. TMDs and PDFs decouple due to evolution

pT
Q0

   Link with collinear factorization

132.2  T-even gluon TMDs



Assumptions of the model

1. -integrated TMDs have to reproduce PDFs  
at the lowest scale ( ) before evolution 

2. TMDs and PDFs decouple due to evolution

pT
Q0

   Link with collinear factorization

1.   Cancels singularity of gluon propagator  
2.   Suppresses effects of high pT 
3.   Compensates log divergences arising from pT-integration 

4.   Adds three more parameters:  and  κ1,2 ΛX

   Dipolar form factor(s)

132.2  T-even gluon TMDs



Our model at a glance
-integrated TMDs have to reproduce PDFs 

at the lowest scale ( ) before evolution
pT

Q0

P

p

P − p

Instead of a single on-shell spectator, 
a continuum of spectators

F (x,p2
T ) =

Z 1

M
dMX ⇢X(MX) F̂ (x,p2

T ;MX)
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 Calculation of all leading-twist T-even gluon TMDs
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Dihadron hadroproduction and factorization breaking
3

(a) (b)

(c) (d)

(e) (f)

(g) (h)

FIG. 1: A number of gauge link structures [U,U ′] illustrated. In these figures, the two big dots represent the coordinates of 0
and ξ. The horizontal axis is the light-cone direction n− and the vertical axis represents the transverse directions. The four
simplest gauge link structures are (a) the [+,+†] gauge link, (b) the [−,−†] gauge link, (c) the [+,−†] gauge link and (d)
the [−,+†] gauge link. Another structure occurring for type 1 correlators is the (e) [+!,+†

!
†] gauge link. In (f) the type 2

gauge link structure [+,+†(!)] can be seen. Two gauge link structures corresponding to correlators of the third type are (g)
[(F (0)!), (F (ξ)!†)] and (h) [(F (0)!†), (F (ξ)!)].

A. Correlators of the first type

The first type of operator structures contains one color trace and therefore has the simplest gauge link structure that
is possible for gluon correlators. This color trace contains both the gluon field operators F (0) and F (ξ) with gauge
links running between these two fields and appears when the color in a diagram contributing to the full amplitude
flows in just a single color loop. Examples of processes containing such a color structure are processes with colorless
particles in the final state, such as the gluon Drell-Yan process and Higgs production through gluon fusion (gg → H),
of which the color flow is simple (we will come back to this later), resulting in the gauge link structure in Fig. 1b. For

these processes the gauge links run through minus light-cone infinity and the notation Γ[−,−†] is used to describe the
link dependence of the correlator. In other processes, one or both of the gauge links could run through plus light-cone
infinity, giving the additional gauge link structures Γ[+,−†], Γ[−,+†] and Γ[+,+†]. The latter occurs for example when
all color flows into the final state, e.g. in photon-gluon fusion producing quark-antiquark pairs, in which case both
gauge links run through plus light-cone infinity, involving the correlator Γ[+,+†]. Another relevant gauge link structure
of the first type that occurs in a leading order 2 → 2 process is the gauge link structure in the correlator Γ[+!,+†

!
†],

which is illustrated in Fig. 1e.

Proof of factorization violation   🔗 [T. J. Rogers, P. J. Mulders (2010)] 

Assumed factorization in SCET and CGC 

Significance of low-x studies 

Size of factorization-breaking effects small? 

DP TMDs:  

(c)    and  (d)    

Appearance of new gauge loop links: 

(e)  ,  (f)  , 

(g)  ,  and  (h)   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no overlearning, just large errors for g1

χ2/ = 0.54 ± 0.38d.o.f.
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no overlearning, just large errors for g1

χ2/ = 0.54 ± 0.38d.o.f.

⟨x⟩g = ∫
1

0
dx x fg

1 (x, Q0) Sg =
1
2

⟨1⟩Δg = ∫
1

0
dx gg

1 (x, Q0)

Our model @  GeVQ0 = 1.64

⟨x⟩g = 0.424(9)

⟨S⟩g = 0.159(11)

Lattice @  GeVQ0 = 2

⟨x⟩g = 0.427(92)

⟨J⟩g = 0.187(46)

🔗 [C. Alexandrou et al. (2020)] 
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