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2.6. Transverse momentum distributions
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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).
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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:
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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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2.   Spectator-model 
 gluon TMDs



🔗 [my talk at the EIC User Group Early Career Workshop 2022]

Spectator-model gluon TMDs

2.1 Modeling gluon TMDs 6
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   No residual gluon-spectator interaction at tree level 
   Interference with one-gluon exchange (eikonal)
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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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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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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
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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>

(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>

��
<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>
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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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(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

f-type (WW)

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

Higgs in 
gluon fusion

-onium 
hadroproduction

γ(*)

Backup

Accessing f-type and d-type gluon TMDs
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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>

(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>

��
<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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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[+!,+†

!
†],

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="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>

��
<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>
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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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(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? 
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slide adapted from C. Bissolotti
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nonperturbative 
TMD functioncollinear PDF

perturbative expansion
αs(μ)in 

L = ln
Q2

µ2
b

<latexit sha1_base64="N4SRivc0uXvr9/S+OeCZlpqkSK8="></latexit>

matching  
coefficients

perturbative 
Sudakov

define logarithmic ordering

<

resummation of

<latexit sha1_base64="CRF+2CfZsMFusNjbodfOzJ3mAbE="></latexit>

F (x,b;µ, ⇣) =
X

j

⇣
C(F )

j ⌦ F j
⌘
(x, b⇤;µb)e

S(b⇤;µb,µ,⇣)eSNP(b)FNP(x, b)

nonperturbative 
Sudakov

f1(x, b, μ, ζ) → C( f1)
j ⊗ f j

1 = [1 + 𝒪(αs)]j
⊗ f j

1 h⊥
1 (x, b, μ, ζ) → C(h⊥

1 )
j ⊗ f j

1 = [𝒪(αs)]j
⊗ f j

1

Suppression of genuine NP effects!

nonperturbative 
TMD function

Model input

slide adapted from C. Bissolotti

Anatomy of gluon TMDs
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A brief overview

BFKL and the unintegrated gluon density (UGD)
⇧ DIS: conventionally described in terms of PDFs

⇧ less inclusive processes: need to use distributions unintegrated over the
parton T

• example: virtual photoabsorption in high-energy factorization

�tot(�
⇤

p ! X) / Ims {A(�⇤
p ! �⇤

p)} ⌘ ��⇤!�⇤ ~ F(x,2)

⇧ F(x,2) is the unintegrated gluon distribution (UGD) in the proton

I small-x limit: UGD = [BFKL gluon ladder] ~ [proton impact factor]

...UGD has to be modeled!

Francesco Giovanni Celiberto Universidad Complutense de Madrid June �th, ���� ��/��

Unintegrated parton densities Introduction TMD factorization High-energy resummation Backup

Forward Drell–Yan dilepton production at the LHC

Hentschinski–Sabio Vera–Salas (HSS) model
I Small-x limit: UGD = [ BFKL gluon ladder ] ~ [ proton impact factor ]

⇧ Takes into account the resummation of high-energy logs

⇧ Describes the coupling of the gluon Green’s function to the proton

I Proton impact factor is non-perturbative =) UGD needs to be modeled!

⇧ Parametrization for the proton impact factor:

�P(q,Q2
0) ⌘�HSS

P (q,Q2
0) =

C

2⇡�(�)

 
q2

Q2
0

!�
e
-

q2

Q2
0

⇧ Fit to the combined HERA data for the F2(x) proton structure function
Q0 = 0.28GeV, � = 8.4, C = 1.5

[A. Sabio Vera, C. Salas, Phys. Rev. Lett. ��� (����) no.�, ������]

I Former and current analyses:

⇧ Single bottom-quark production at the LHC
[G. Chachamis, M. Deák, M. Hentschinski, G. Rodrigo, A. Sabio Vera, JHEP ���� (����) ���]

⇧ J/ and⌥ photoproduction
[I. Bautista, A. Fernandez Tellez, M. Hentschinski, Phys. Rev. D �� (����) no.�, ������]

⇧ Exclusive ⇢-meson leptoproduction at HERA
[A.D. Bolognino, F.G. C., D.Yu. Ivanov, A. Papa, arXiv:����.�����, to appear in Eur. Phys. J. C]

[A.D. Bolognino, F.G. C., D.Yu. Ivanov, A. Papa, in progress]

Francesco Giovanni Celiberto Università della Calabria & INFN-Cosenza December �th, ���� ��/��

High-energy factorization and the UGD
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Distinctive signals of small-x dynamics expected 

Phenomenology:  
forward jet, Drell-Yan, Higgs or vector meson

Forward emissions
Asymmetric config.    fast parton + small-x gluon 

Hybrid high-energy/collinear factorization

↔

P2

P1

W 2

Collinear PDF

UGD

Hybrid or pure factorization?
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Table complemented by exclusive counterparts and lepto-hadronic channels
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rd
FT∼

1
κT

(QQ̄)

γ(*)(Q2)

κT

RP

Small-x    Ioffe time     

At least one  outside proton… 

…color dipole picture!

⇒ ≫ RP

JμWμν ∝ Im {i∫ d4x ei q⋅x ⟨P |T [Jμ(x) Jν(0)] |P⟩}

Diffractive  scatterings and color dipolesγ*P

Backup



Exclusive forward 
 meson leptoproductionρ



Exclusive light VM: ρ0, ω, ϕ

Small-size dipoles    large  

Collinear description: twist-2/-3 LVM NP DAs 

Significance of small  under investigation… 

HERA indication: no large-  dynamics 

LVMs as tools: discrimination among UGD models 

LVMs as tools: UGD extraction    HERA + EIC fits

⇒ κT

κT

rd

⇐

Φγ*→ρ ∝ ∫
1

0
dz Tγ*→ρ

H (z, κT, Q, μR, μF) ϕλρ(z, μF)

Single forward emissions
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Exclusive light VM: ρ0, ω, ϕ

Small-size dipoles    large  

Collinear description: twist-2/-3 LVM NP DAs 

Significance of small  under investigation… 

HERA indication: no large-  dynamics 

LVMs as tools: discrimination among UGD models 

LVMs as tools: UGD extraction    HERA + EIC fits

⇒ κT

κT

rd

⇐

Φγ*→ρ ∝ ∫
1

0
dz Tγ*→ρ

H (z, κT, Q, μR, μF) ϕλρ(z, μF)

Quarkonia

Size of dipoles    wide range of  

Description: NRQCD (combined with LFWFs) 

Validity of small-size dipoles questionable… 

NRQCD: large-  dynamics for   

Onia as tools: scan of TMD/HEF intersection range

⇒ κT

rd Ψ(2s) (Υ(2s) ?)

     [ LFWF ⊗ 𝒜dip. ] dilute⟷ [ Φγ*→J/Ψ ⊗ UGD ]

🔗   [K. Suzuki et al. (2000)]; 🔗   [J. Cepila et al. (2019)]; 🔗   [M. Hentschinski et al. (2020)]

Single forward emissions
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