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• Definition:

GPDs and 3D Imaging of the Proton
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Skewness parameter

Breit frame:

P̄μ = P̄+nμ = (P̄+,0,0,P̄+)/ 2
• X. Ji, PRL 78 (1997) 610-613;

• X. Ji, PRD 55 (1997) 7114-7125;

• A. Radyushkin, PRD 56 (1997) 5524-5557.
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• GPDs at zero skewness are number densities of color charges 
in the longitudinal x- and transverse position space:

GPDs and 3D Imaging of the Proton
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Indeed, measurements at the EIC and
lattice calculations will have a high degree
of complementarity. For some quantities,
notably the x moments of unpolarized and
polarized quark distributions, a precise de-
termination will be possible both in experi-
ment and on the lattice. Using this to vali-
date the methods used in lattice calculations,
one will gain confidence in computing quan-
tities whose experimental determination is
very hard, such as generalized form factors.
Furthermore, one can gain insight into the
underlying dynamics by computing the same
quantities with values of the quark masses
that are not realized in nature, so as to reveal
the importance of these masses for specific
properties of the nucleon. On the other hand,
there are many aspects of hadron structure
beyond the reach of lattice computations, in
particular, the distribution and polarization
of quarks and gluons at small x, for which
collider measurements are our only source of
information.
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Figure 2.1: Schematic view of a parton with
longitudinal momentum fraction x and trans-
verse position bT in the proton.

Both impact parameter distributions
f(x, bT ) and transverse-momentum distri-
butions f(x,kT ) describe proton structure
in three dimensions, or more accurately in
2+ 1 dimensions (two transverse dimensions
in either configuration or momentum space,
along with one longitudinal dimension in mo-

mentum space). Note that in a fast-moving
proton, the transverse variables play very dif-
ferent roles than the longitudinal momen-
tum.

It is important to realize that f(x, bT )
and f(x,kT ) are not related to each other by
a Fourier transform (nevertheless it is com-
mon to denote both functions by the same
symbol f). Instead, f(x, bT ) and f(x,kT )
give complementary information about par-
tons, and both types of quantities can be
thought of as descendants of Wigner distri-
butions W (x, bT ,kT ) [8], which are used ex-
tensively in other branches of physics [9].
Although there is no known way to mea-
sure Wigner distributions for quarks and
gluons, they provide a unifying theoretical
framework for the di↵erent aspects of hadron
structure we have discussed. Figure 2.2
shows the connection between these di↵erent
aspects and the experimental possibilities to
explore them.

All parton distributions depend on a
scale which specifies the resolution at which
partons are resolved, and which in a given
scattering process is provided by a large mo-
mentum transfer. For many processes in
e+p collisions, the relevant hard scale is Q

2

(see the Sidebar on page 19). The evolution
equations that describe the scale dependence
of parton distributions provide an essential
tool, both for the validation of the theory
and for the extraction of parton distributions
from cross section data. They also allow one
to convert the distributions seen at high res-
olution to lower resolution scales, where con-
tact can be made with non-perturbative de-
scriptions of the proton.

An essential property of any particle is its
spin, and parton distributions can depend on
the polarization of both the parton and the
parent proton. The spin structure is particu-
larly rich for TMDs and GPDs because they
single out a direction in the transverse plane,
thus opening the way for studying correla-
tions between spin and kT or bT . Informa-
tion about transverse degrees of freedom is
essential to access orbital angular momen-

17W. Armstrong et al., 1708.00888.

f(x, ⃗b T) = ∫ d2 ⃗ΔT ei ⃗ΔT⋅ ⃗b TH(x, ξ = 0, t = − Δ2
T)

Goal: dissecting the proton in the 
transverse plane

• M. Burkadrt, PRD 62 (2000) 071503;

• M. Burkardt, IJMPA 18 (2003) 173-208.
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• GPDs can be measured from hard exclusive processes such as 
deeply virtual Compton scattering. 


• However, it is the Compton form factors that are extracted from 
the experiments:


• Inversion problem to obtain the GPD;


• Modeling the GPD is inevitable without nonperturbative input, but it is hard to 
satisfy the many constraints such as forward limit as PDF, polynomiality, etc. 

GPDs and 3D Imaging of the Proton
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• Pion valence GPD:


• Proton isovector GPD:

First Lattice Calculations

5

-1 -0.5 0 0.5 1

0

1

2

3

C. Alexandrou et al. (ETM), PRL 125 (2020) 26, 
262001. Unpolarized and Helicity cases.

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

0

1

2

3

4

x
H
v�

t=0

t=-2

t=-5

J.W. Chen et al., NPB 952 
(2020) 114940.

4

FIG. 2: E(pf , q
2
, z) matrix elements at selected Q

2 2 {0.19, 0.48, 0.97} GeV2.

Q2 � 0.48 GeV2
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FIG. 3: H and E quasi-GPDs and matched GPDs at momentum transfer Q2 = 0.48 GeV2.

the continuum limit H(pf , Q2 = 0, z = 0), the vector charge, goes to 1. The nonperturbatively renormalized matrix
elements are then Fourier transformed into quasi-GPDs and matched-to the physical GPDs. Examples of the GPDs
at momentum transfer Q2 ⇡ 0.5 GeV2 are shown in Fig. 3. Figure 3 compares the H and E GPDs at Q2 ⇡ 0.5 GeV2

with the quasi-distribution and matched distribution using Pz ⇡ 2.1 GeV. The matching lowers the positive mid-x to
large-x distribution, as expected; as one approaches lightcone limit, the probability of a parton to carrying a larger
fraction of its parent nucleon’s momentum should become smaller. However, due to the limited zPz reach of this
calculation, we found that the small-x region is unreliable, due to lack of precision lattice data to constrain it. As
a result, the antiquark (negative-x) distribution can also be sensitive to the usage of Pz to conserve charge. It has
been found in past works [18, 24, 27, 29] that higher boosted momenta are needed to improve the antiquark region.
Therefore, for the rest of the work, we will focus on the x > 0.05 region. The full three-dimensional shape of H
and E as functions of x and Q2 can be found in Fig. 4. Our GPDs at zero transfer momentum, H(Q2 = 0, x), are
consistently within errors of the earlier study in 2018 using the same ensemble. In the ⇠ = 0 limit, the H and E GPD
decrease near monotonically as x (Q2) increases.

The Fourier transform of the non–spin-flip GPDH(x, ⇠ = 0, Q2) gives the impact-parameter–dependent distribution
q(x, b) [127]

q(x, b) =

Z
dq

(2⇡)2
H(x, ⇠ = 0, t = �q2)eiq ·b, (5)

where b is the transverse distance from the center of momentum. Figure 5 shows the first results of impact-parameter–
dependent distribution from lattice QCD: a three-dimensional distribution as function of x and b, and two-dimensional
distributions at x = 0.3, 0.5 and 0.7. The impact-parameter–dependent distribution describes the probability density

H. W. Lin, 2008.12474.

Method: large-momentum 
effective theory (LaMET) or 

quasi-GPD

X. Ji, PRL 110 (2013) 262002
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Why do we study the pion/kaon structure?


•Pseudo-Nambu-Goldstone boson of spontaneous chiral 
symmetry breaking in QCD, key to understanding hadron 
mass and its relation to hadron structure;


•Lattice computation is cheaper than the nucleon. Can 
achieve large Lorentz boost with small momenta due to light 
mass;


•Systematic improvements in the current pion calculations 
will set the stage for computing the proton GPDs.

Pion GPD calculation at BNL

6
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Computational details: Wilson-clover fermion on HotQCD HISQ 
ensembles

Pion GPD calculation at BNL
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ensemble mqa m⇡Lt nz z range #cfgs (#ex,#sl)

a, Lt ⇥ L3

a = 0.06 fm, -0.0388 5.85 0,1 [0,15] 100 (1, 32)

64⇥ 483 2,3,4,5 [0,8] 525 (1, 32)

[9,15] 416 (1, 32)

[16,24] 364 (1, 32)

a = 0.04 fm, -0.033 3.90 0,1 [0,32] 314 (3, 96)

64⇥ 643 2,3 [0,32] 314 (4, 128)

4,5 [0,32] 564 (4, 128)

TABLE I. Details of the measurements on two lattice ensem-
bles used in this paper. For each ensemble, we have specified
the bare Wilson fermion quark mass mqa corresponding to
a 300 MeV pion mass m⇡, the temporal extent Lt of the
lattice in m⇡ units. We specify the number of gauge config-
urations used (#cfgs) and the number of exact and sloppy
inversions per configurations (#ex,#sl) for di↵erent Wilson-
line lengths z used in three-point functions and the pion mo-
mentum Pz = 2⇡nz/(La).

tadpole improved Wilson-Clover valence quarks. That
is, we used the Wilson-Clover quark propagator in the
Wick contractions required in the computations of the
three-point and two-point functions, and the gauge links
that went into the construction of the propagator were
smoothened using 1 step of HYP smearing [57]. We set

the clover coe�cient csw = u�3/4

0
, where u0 is the average

plaquette with 1-HYP smearing; we used csw = 1.02868
and 1.0336 for a = 0.06 fm and 0.04 fm respectively.
We tuned the Wilson-Clover quark mass mqa in both
the ensembles so that the valence pion mass, m⇡, is 300
MeV. Through an initial set of tuning runs we determined
mqa = �0.0388 for a = 0.06 fm and mqa = �0.033 for
a = 0.04 fm lattices. For this pion mass, the values of
m⇡Lt on the a = 0.06 fm and 0.04 fm lattices are 5.85
and 3.89 respectively. Thus it would be more important
to take care of wrap around e↵ects in the finer lattice
and we do so in the analysis. With the usage of 1-HYP
smeared gauge links in the Wilson-Clover operator, we
did not find any exceptional configurations at both the
lattice spacings, as noted by absence of any anomaly in
the convergence of the Dirac operator inversions. We
used the a = 0.06 fm ensemble in our previous analysis
of the valence PDF of pion [42]. With this work, we have
increased the statistics used in this ensemble by more
than two times.

The most basic element of this computation is the
Wilson-Dirac quark propagator inverted over boost
smeared sources and sinks [58] as we discuss more in the
next section on two-point functions. We used the multi-
grid algorithm [59] for the Wilson-Dirac operator inver-
sions to get the quark propagators. These calculations
were performed on GPU using the QUDA suite [60–62].

We used boosted quark source [58] and sink with Gaus-
sian profile, as we discussed in detail in [42]. Instead of
using the gauge-covariant Wuppertal smearing [63] to im-

nz Pz (GeV) ⇣

a = 0.06 fm a = 0.04 fm

0 0 0 0

1 0.43 0.48 0

2 0.86 0.97 1

3 1.29 1.45 2/3

4 1.72 1.93 3/4

5 2.15 2.42 3/5

TABLE II. Table of momenta Pz in GeV at the two lattice
spacings. The values of the ⇣ used in the boosted Gaussian
sources used for each Pz is also shown.

plement the Gaussian profiled quark sources, we gauge-
fixed the configurations in the Coulomb gauge to con-
struct the sources as we found it to be computationally
less expensive. We fixed the radius of the Gaussian pro-
file on a = 0.06 fm and a = 0.04 fm ensembles to be
0.312 fm and 0.208 fm respectively. We discussed the de-
tails of tuning the Gaussian smearing parameters in the
Appendix of [42]. Using these quark propagators, we are
able to compute hadron two-point and three-point func-
tions in hadrons boosted to momentum Pz = 2⇡nz/(La).
We tabulate the details of the statistics used in the

two ensembles in Table I. We increased the statistics in
two ways (a) using statistically uncorrelated gauge field
configurations, which are labeled as #cfg in Table I, and
(b) by using All Mode Averaging (AMA) [64] on each
gauge configuration. In order to mitigate the reduction in
the signal-to-noise ratio in both the three-point and two-
point functions as one increases Pz / nz, we used more
gauge field configurations for larger nz than at smaller
ones. In a = 0.06 fm ensemble, we e↵ectively increased
the statistics 32 times by using 1 exact Dirac operator
inversion and 32 sloppy inversions in the AMA per con-
figuration. In the a = 0.04 fm ensemble, we increased the
number of exact and sloppy solves for nz = 2, 3 and more
for nz = 4, 5. We used a stopping criterion of 10�10 and
10�4 for the exact and sloppy inversions respectively.

III. ANALYSIS OF EXCITED STATES IN THE
TWO-POINT FUNCTION OF BOOSTED PION

In this section, we discuss the computation of boosted
pion correlators and the extraction of the excited state
contributions. Using a smeared (s) pion source ⇡s(P, t)

⇡s(P, t) =
X

x

ds(x, t)�5us(x, t)e
�iP.x, (3)

for pion ⇡+ that is moving with spatial momentum P =
(0, 0, Pz) along the z-direction, we computed the two-
point function of pions

Css
0

2pt
(ts;Pz) =

⌦
⇡s0(P, ts)⇡

†
s
(P, 0)

↵
. (4)

mπ = 300 MeV mπ = 140 MeV

a = 0.076 fm

Pz = 0 GeV

483 × 64 643 × 64

0.51 GeV
0.76 GeV
1.02 GeV

1.27 GeV

1.78 GeV

1.53 GeV

2.04 GeV
2.29 GeV

643 × 64

0.25 GeV
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With fine lattice spacings at unphysical pion mass:

Pion valence PDF
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FIG. 29. Our determinations of valence PDF of pion,
f⇡
v (x, µ), at factorization scale µ = 3.2 GeV. (Top panel)
The PDF determination from a = 0.04 fm data (red) and
a = 0.04 fm data (blue). (Bottom panel) Our estimate of
PDF in the continuum limit (blue). In both top and bottom
panels, the darker inner band includes only the statistical er-
ror. The lighter outer band includes both statistical error as
well as the systematic errors. Our estimates are compared
with the FNAL E-0615 estimate [45] (green symbols), ASV
estimate [35] (green dashed line), JAM estimate [79] (black
band) and xFitter analysis [84] (purple line). Insets: the same
data are replotted as the traditional xf⇡

v (x) versus x.

for the perturbative twist-2 framework, we used two lat-
tices ensembles with very fine lattice spacings of a = 0.06
fm and 0.04 fm for the first time in such pion PDF com-
putations. Using high statistics, we were able to compute
the required equal-time bilocal quark bilinear matrix el-
ements evaluated with pions boosted up to 2.42 GeV.
Thus, a major advancement resulting from this work is
the demonstration that current lattice calculations can
satisfy both the theoretical requirement of sub-fermi sep-

arations (in order to be consistent with the OPE-based
framework reliant on naive power counting for operator
hierarchy), and the requirement of large hadron momen-
tum (in order for a controlled truncation of the OPE at
leading-twist). As a handle on quantifying perturbative
uncertainties and other higher-twist systematics, we used
multiple renormalization schemes for the equal-time ma-
trix element, namely RI-MOM, ratio scheme and new
variants thereof with the advantage of reducing higher-
twist e↵ects. As a technical elaboration, we proposed
and used the pion matrix element at zero pion momen-
tum as a suitable quantity to study higher-twist e↵ects
and demonstrated practically as to why the ratio renor-
malization scheme e↵ectively eliminates higher-twist ef-
fects to a good accuracy (with respect to typical errors
in lattice data at larger z) even up to 1 fm distances.

From the renormalized boosted pion matrix elements,
we performed two kinds of analysis. In the first kind,
we obtained the first few even valence moments hxn

iv by
fitting both z2 and Pzz dependence of the matrix ele-
ments making use of perturbative matching coe�cients
at 1-loop order. Though the twist-2 perturbative match-
ing methodologies help us access higher moments with-
out the problem of mixing, especially with the usage of
priors on lower moments, it comes at a cost of intro-
ducing dependencies on the range of z and Pzz used in
the fits, and we discussed them in this work. Folding in
such dependencies in the systematic error, we estimated
the MS moments hx2

iv, hx4
iv and hx6

iv at µ = 3.2 GeV.
In the second kind of analysis, we reconstructed the x-
dependent valence pion PDF by modeling the PDF via
x↵(1�x)�G(x) type ansatz, and fitting the parameters of
the model so as to best describe both z and zPz depen-
dence of pion matrix elements in various renormalization
schemes with z restricted to sub-fermi values. We sum-
marize our reconstructed valence PDFs at µ = 3.2 GeV
from the two lattice spacing in the top panel of Fig. 29
– the estimate using only statistical error is shown as
darker band, and statistical and systematic error (com-
ing from fit ranges, renormalization scheme used, and
the PDF ansatz used) is shown as the lighter band. This
model dependent method lets us access the odd moments
of valence PDF as well. We also provided estimates of the
values of moments as well as the PDF in the continuum
limit based on the results at the two lattice spacings; the
numerical results from various analysis approaches are
summarized in Table III. In the bottom panel of Fig. 29,
we have shown our estimate for the PDF in the contin-
uum limit for the 300 MeV pion.

We discussed the large-x behavior using our model-
dependent PDF that we reconstructed from fits. We
found that even though the overall x dependence of the
reconstructed PDFs remained the same with variations
coming from the fit range, renormalization scheme and
PDF model used, the specific details such as the value of
the large-x exponent � showed a larger dependence on
such analysis choices, but largely showed a tendency to
be close to 1. To avoid such issues, we proposed a new

Model-independent extraction of 
Mellin moments from twist-2 OPE with 

NLO Wilson coefficients:

Model fitting of the PDF:
f(x, μ) ∼ xα(1 − x)β(1 + s x + tx)

4 Pion valence quark PDF: NLO results

Moments of pion valence quark PDF

Pion valence quark PDF

mπ = 300 MeV

mπ = 300 MeV

BNL, PRD 102, 074504 (2020)

β ∼ 1

β ∼ 2

mπ = 300 MeV

Boosted pion state on the lattice

⟨x2⟩

⟨x4⟩

BNL20

Improvement: 
• Matching formula beyond one-loop.

• Computation with physical pion mass.

• Extract PDFs information from chiral fermions.

X. Gao et al. (BNL-SBU), PRD 102 (2020), 074504.

β ∼ 1
β ∼ 2
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Preliminary results: at physical pion mass from HISQ and Domain 
Wall fermion ensembles, with NNLO Wilson coefficients.


• Pion mass dependence is mild;


• Chiral fermion results shows good agreement with Wilson-Clover + HISQ fermion ones.

Pion valence PDF

9

8

• The mass dependence is mild for pion valence PDF.

• Chiral fermion shows good agreement with Wilson-Clover + HISQ fermion with fine lattice 
spacings.

Moments: NNLO matching, physical point, chiral fermion

⟨xn⟩ = ⟨xn⟩Ext + dna2

Pion valence quark PDF: Moments

mπ = 300 MeVmπ = 140 MeV mπ = 140 MeV
mπ = 300 MeVmπ = 140 MeV mπ = 140 MeVmπ = 300 MeV

8

• The mass dependence is mild for pion valence PDF.

• Chiral fermion shows good agreement with Wilson-Clover + HISQ fermion with fine lattice 
spacings.

Moments: NNLO matching, physical point, chiral fermion

⟨xn⟩ = ⟨xn⟩Ext + dna2

Pion valence quark PDF: Moments

mπ = 300 MeVmπ = 140 MeV mπ = 140 MeV

See Xiang Gao’s talk at DIS2021.
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Preliminary results: direct x-space calculation (quasi-PDF) with 
NNLO matching.

Pion valence PDF

10
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See Yong Zhao’s talk at the 
2021 GHP workshop.
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• OPE:


• LO DGLAP evolution and NLL threshold resummation.

DGLAP evolution and threshold resummation

11

h̃γt(λ, z2μ2) =
∞

∑
N=0

(−iλ)N

N!
CN(αs(μ), z2

0 μ2)aN(μ)+ …

z2
0 = z2e2γE /4

ln(z2μ2) resummed by solving 
the DGLAP evolution equation.

lim
N→∞

CNLO
N =

αs(μ)CF

2π [2 ln N′￼ln(z2
0 μ2)−2 ln2 N′￼+ 2 ln N′￼−

π2

3 ] , Leading and subheading threshold 
logs of N’ need be resummed.

12

FIG. 5. Continuum extrapolation of hx2i and hx4i from NLO-
evo+NLL fit at µ = 3.2 GeV are shown as the bands. In-
stead of directly extrapolating the moments, the continuum
extrapolation is performed by insert Eq. (70) into expression
Eq. (68). For comparisons, the moments from NLO analy-
sis [43], xFitter [18], JAM [17] and ASV [12] valence PDF of
pion are also shown as the lines.

of � = zP
z, so it is di�cult for us to control the system-

atic uncertainties from model dependence like the global
analyses. Nevertheless, we can still explore several mod-
els that are encoded with the power-law behavior (1�x)� ,
and see how � changes under threshold resummation. As
we did previously in the NLO fit in Ref. [43], we use a
simple ansatz for the pion valence PDF:

f
⇡
v (x;↵,�) = Nx

↵ (1� x)� , (71)

where N (↵,�) = � (2 + ↵+ �) /(�(1 + ↵)�(1 + �)) is

chosen such that
R
1

0
dxf

⇡
v (x) = 1.

We construct moments from the models, which are de-
termined by the parameters in the ansatz, and plug them
into Eq. (68). Then we fit the lattice data by minimizing

�
2
⌘ (72)

P z
maxX

P z>P z
0

zmaxX

z=zmin

[M(z, P z
, P

z
0
)�Mmodel(z, P z

, P
z
0
;↵, . . .)]2

�
2
stat

(z, P z, P z
0
) + �2

sys
(z, P z, P z

0
)

,

where �
2
stat

(z, P z
, P

z
0
) are the statistic errors and

�
2
sys

(z, P z
, P

z
0
) are the systematic errors defined by scale

variation,

�sys(z)=
1

2


Mmodel(z)

���
↵s(

µ
2 )

�Mmodel(z)
���
↵s(2µ)

�
. (73)

More details of a similar procedure can be found in
Ref. [43].

Though the models are used to fit the lattice data, the
corresponding parameters are mainly determined by the
first few moments. Therefore, we truncate the series in
Eq. (68) at N = 16 for the fit, which is large enough for
the result to stabilize. Similar to the moment fit, we use
n
0
z = 1, 2, zmin = 2a, 3a, and vary zmax 2 [0.36, 0.48]

fm to estimate the statistic and systematic errors. The

FIG. 6. Valence PDF of pion from NLOevo+NLL fits of lat-
tice results [43] to Eq. (71), with the darker and ligher bands
being the statistic and systematic errors. Also shown are the
same PDF from NLO fits [43], xFitter [18], JAM [17] and
ASV [12].

results are shown in Table II. As one can see, the large-
x exponent � in this NLO+NLL analysis with DGLAP
evolution (NLOevo+NLL) is around 1.0 with about 50%
uncertainty. The central value of � is increased from our
previous fix-order NLO analysis [43] by a small amount,
which should be mainly driven by the DGLAP evolu-
tion, but they are still consistent within errors. This is
due to the same reason that our current lattice data are
only sensitive to the first few moments, which endures
a small impact from threshold resummation. The situa-
tion can be improved if we manage to get more precise
data and increase the pion momentum. One may notice
that the results we get here have larger errors than our
previous NLO fit [43], which is because we used more
data with zmax up to 0.6 fm in that analysis. Finally, in
Fig. 6 we show the comparison of pion valence PDF by
xFitter [18], JAM [17], ASV [12] as well as the fix-order
estimate from the same lattice data [43].

V. CONCLUSION

In this work, we studied the threshold resummation in
the qPDF, the pPDF and the corresponding spatial cor-
relator, which have been used for the lattice calculation
of PDFs in the LaMET and pPDF approaches. We find
that the threshold logarithms in them originate from the
interplay between the collinear and soft divergences in
a 3D momentum distribution, and they are sensitive to
long-range correlations of the spatial correlator in coor-
dinate space. Moreover, the 3D momentum distribution,
when Fourier transformed from k? to b? space, reduces
to the qPDF and the pPDF in the b? ! 0 and infinite
momentum limits, respectively, which o↵ers us new in-
sights on the relation between the latter two quantities.
Motivated by the standard procedure, we propose to

N′￼= NeγE

X. Gao et al. (BNL-SBU-ANL), 2102.01101, accepted by PRD.

mπ = 300 MeV
• Threshold resummation can lead to 

larger exponent of (1-x);


• Current lattice data are only 
sensitive to the lowest moments or 
moderate x, where the threshold 
resummation effect is negligible.
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Structure of pion radial excitation π’(1300)
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FIG. 2. Observation of particle-like dispersion for ground-state and first excited state in pion correlator. (Left) The energies of
first two excited states as extracted from two-state and three-state fits to the pion two-point function are shown as a function of
the magnitude of spatial momentum |P|. The red circles are for the ground state pion using two-state fit to the SS correlator.
The blue symbols are for E1; the filled ones correspond to estimates from two-state fits and the open ones to the estimates from
three-state fits with priors based on the estimates from the SP correlator. The values of E1 from the two types of fits agree
well with the particle-like dispersion

p
|P|2 + E1(0)2 (blue band). (Right) The second excited state E2 from the three-state

fits are shown in addition to E0 and E1.

with Nstate = 2 and 3 respectively. The amplitudes Ai

and the energies Ei are the fit parameters in this analy-
sis. The reason for using two di↵erent choices of source
and sink is two fold; first, the SP correlator has a larger
contribution from the excited state and second, to check
for the consistency between the energies extracted us-
ing the two independent set of correlators. We checked
for the robustness of the fit parameters by varying the
range of source-sink separation, ts 2 [tmin, tmax], used in
the fits and by making sure that the parameters have
plateaued. In [35], we studied only pions boosted along
the z-direction. For this work, we also used pions boosted
with spatial momenta P = (Px, Py, Pz) with non-zero Py

and Px for the two-point function analysis, and obtained
their ground state pion energy E0 as a function of P
using two-state fits to both SP and SS correlators. We
were able to isolate the ground state energy well using
a fit range shorter than ts 2 [0.56 fm, 32a], whose values
were consistent between both the SS and SP correlators.
The resulting values of the ground-state E0(P) followed
the continuum dispersion relation,

E0(P)2 = M
2
⇡ + |P|2, (3)

with M⇡ = 0.3 GeV, to a very good accuracy even up to
our largest momentum |P| = 2.42 GeV on our fine lat-
tice. Having demonstrated that the actual lattice results
for the ground state satisfied our expectations about a
single particle pion state, we simply used the values of
E0(P) from Eq. (3) to fix the values of E0 in the spec-

tral decomposition in Eq. (2) and determined the other
free parameters; namely the amplitudes of the ground
and first excited state, and the energy of the first excited
state.

We determined the first excited state energy E1(P)
using (1) two-state fits to the SS and SP correlators with
fixed value taken from the dispersion relation for E0, and
(2) by using three-state fits to the SS correlator with fixed
E0 and imposing a prior on E1 with the central value and
width of the prior set to the best fit value of E1 and its
error obtained from the two-state fit to the SP correlator.
In Fig. 1, we show the dependence of E1 on the fit range
[tmin, 32a]. Each panel corresponds to the six di↵erent
momenta P = (0, 0, Pz), and for each momentum, we
have shown the tmin dependence of E1 from the two-
state fit. The best fit values of E1 plateau for ts � 10a.
First, we notice that the best fit value of E1(Pz = 0) =
1.456(92) GeV, numerically lies close to the central value
of the 1.3 GeV physical mass of the pion radial excitation.
This di↵erence of about 200 MeV between the lattice
result and physical value for the first excited state is also
close to the 150 MeV di↵erence between the mass of pion
in our lattice computation and physical pion mass. This
observation initially lead us to identify the first excited
state on the lattice with the pion radial excitation.

In Fig. 1, we also show the value of E1(P) expected
from a single particle dispersion relation with a mass
M1 = E1(P = 0) = 1.5 GeV. We find that the best
fit values of E1 indeed approach the expected continuum

Evidence of π’(1300): Valence PDF of π’(1300):
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FIG. 7. The lowest four valence PDF moments of the pion
radial excitation ⇡0 is compared with those of the ground state
pion ⇡. For the radial excitation, both the even and odd
moments extracted from the two-parameter PDF Ansatz fit
are shown along with direct model independent estimates of
even moments: (A) model-independent fit to type-1 M⇡0⇡0 .
(B) model-independent fit to type-3 M⇡0⇡0 . (C) PDF Ansatz
fit to type-1 M⇡0⇡0 . (D) PDF Ansatz fit to type-3 M⇡0⇡0 .
(E) PDF Ansatz fit to type-3 M⇡0⇡. The dashed line connect
the central values of ⇡0 moments to that of ⇡, to aid the eye.

fore, at a scale of 3.2 GeV, only 20% of the ⇡
0 momen-

tum fraction comes from gluons and sea quarks, which
forms a larger 56% component for the ground state pion.
Thus, within the two-parameter PDF Ansatz analysis, it
appears that the valence quarks carry almost twice the
momentum fraction in the radial excitation of the pion
compared to its ground state. This link could simply be
a correlation or perhaps be causal, which needs to be
investigated using simpler models.

V. CONCLUSIONS AND OUTLOOK

In this work, we presented a proof-of-principle compu-
tation of the first excited state of the pion determined
in a fixed finite volume and at a fixed fine lattice spac-
ing. We argued that the first excited state is most likely
to be a single particle state since its energy satisfies a
single particle dispersion relation. Also, the mass of the
state compares well with the central value of the exper-
imentally observed radial excitation, which is however a
resonance in the infinite volume limit. Given the ob-
servations, we hypothesized that the first excitation on
our lattice is that of the pion radial excitation, ⇡(1300).
With a reasonable reduction in the number of unknown
parameters in the three-state fits to the three-point func-
tion involving the bilocal quark bilinear operator, we were
able to extract the boosted ⇡(1300) matrix elements. We
performed a model-independent analysis to obtain the
even valence PDF moments, and used model-dependent
PDF Ansatz fits to reconstruct the x-dependent valence

PDF at a scale of µ = 3.2 GeV. We found evidences that
in indicate that (1) the valence PDF of ⇡(1300) consis-
tently lies above that of pion for intermediate and large-
x regions, thereby indirectly, implying a reduced role of
gluons and sea quarks in the excited state. (2) Quanti-
tatively, the lower moments of ⇡(1300) were about twice
larger than that of ⇡.
The present work was meant only as a pilot study to-

wards understanding how the ground and excited states
of hadrons di↵er. Therefore, this study can be made more
rigorous in at least three major ways — (1) One could
either render the radial excitation to be stable single-
particle state by using a larger unphysical pion mass
(e.g., [51]), or one needs to perform a dedicated finite-
size scaling study of the excited state PDF in order to
make connection with the actual resonance state in the
thermodynamic limit. (2) Usage of larger operator ba-
sis in two-point functions that will lead to a more so-
phisticated spectroscopy of pion correlators leading to a
more convincing determination of the first excited state
as well as its quantum numbers. (3) Incorporating simi-
lar techniques for the three-point function for a reliable
determination of the excited state matrix element with-
out involving any reduction in number of fit parameters
as done here.
As a concluding remark, in the absence of a micro-

scopic theory of the transition from pion to its radial
excitation, we propose the following momentum di↵eren-
tial as a useful quantity. To motivate the quantity, one
can consider a process, such as ⇡0 ! ⇡ + (⇡⇡)S�wave, for
a special instance with both ⇡

0 and ⇡ after the transi-
tion are at rest in the lab frame, and the di↵erence in
their masses carried by other product states. In such an
artificially constructed experimental outcome, one could
ask how the change, �P

+ = (M⇡0 � M⇡)/
p
2, com-

pares to the change in the average momentum �hk+i =
(M⇡0 ⇥ 2hxi⇡0 �M⇡ ⇥ 2hxi⇡)/

p
2 of the two valence par-

tons in ⇡
0 and ⇡. This motivates the construction of the

Lorentz invariant ratio,

⇣ =
2M⇡0hxi⇡0 � 2M⇡hxi⇡

M⇡0 �M⇡
, (17)

as a measure to correlate the structural changes to the
di↵erences in the masses. Using �M = 1.2 GeV, we
find that the fraction ⇣ ranges from 0.78 to 0.99 given
the variations within 1-� errors on the first moments we
discussed above. Even if we discount a 2-� variation,
the fraction is at least 0.68. Even such a simple-minded
modeling of the excitation tells us that the changes to
the dynamics of valence parton could play an major role
in exciting a pion.
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Valence quarks carry about twice the 
momentum fraction of π’(1300) to that 
carried by them in the ground-state pion.

X. Gao et al. (BNL-SBU), 2101.11632.

mπ = 300 MeV , a = 0.04 fm
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Preliminary results: bare matrix elements in the Breit frame.

Matrix elements for pion quasi-GPD at fine lattice spacings

13

P̄ =
2π
L

(0,0,nz) ,
Δ
2

=
2π
L

(nx, ny,0) a = 0.04 fm , P̄ ± Δ
2

= (±0.97,0,0.48) GeV

a = 0.06 fm , P̄ ± Δ
2

= (±0.86,0,0.43) GeV

mπ = 300 MeV
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• We have computed the off-forward matrix elements of the 
vector current, the local limit of the quasi-GPD correlator.

Pion form factor at physical pion mass

14
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Pion form factors at physical point Pion charge radius

Pion form factor and charge radius

mπ = 140 MeV

BNL, ANL, arXiv: 2102.06047 

Fπ(Q2) =
kmax

∑
k=0

akzk

z(t, tcut, t0) =
tcut − t − tcut − t0
tcut − t + tcut − t0

, t = − Q2

-expansion fit:z

7

FIG. 4. The forward matrix elements hB(P
i, P i). The P i

z de-
pendence can be described by hB(P

i, P i) = hii
B(P

i = 0, P i =
0) + r(aP i

z)
2 shown as the line.

FIG. 5. Pion form factors (upper panel) and the inverse form
factors (lower panel) derived from the a = 0.076 fm (m⇡ = 140
MeV) ensemble (blue points), compared with the experiment
data from CERN (red points) [36] and F⇡ collaboration (green
points) [46]. The purle bands are the dispersive analysis re-
sults of experimental data from Ref. [48], which also included
form factors in time-like region. Our fit result of a = 0.076 fm
data are shown as the blue bands, in which the filled band is
from z-expansion fit and the dashed band is from monopole
fit. The errors in this plot have included the systematic errors.

culated ZV for a = 0.076 fm using RI-MOM scheme and
obtained ZV = 0.946(12) which agrees with the results
on hB(P i = 0, P i = 0) shown in Fig. 4 within errors.
From Fig. 4 we also see that the discretization errors

are smaller than 1% for P i
z < 1 GeV , and are less than

2% for P
i
z < 1.6 GeV. Since the discretization e↵ects

as function of P i
z will be similar for o↵-forward matrix

element it is convenient to obtain the renormalized pion
form factor by simply dividing hB(P f

, P
i) by hB(P i

, P
i).

Then we have F⇡(Q2 = 0) = 1 by construction and the
discretization errors for large P

i
z are removed. We still

may have discretization errors proportional to (aQ)2. As-
suming that these discretization errors are similar to the
(aP i

z)
2 discretization errors we can neglect them. This is

because other sources of errors for the form factors are
significantly larger for the considered Q

2 range as we will
see below. We comment further on the cuto↵ dependence
in the form-factor in Appendix A.
In Fig. 5, we show the renormalized pion form factors

obtained for the m⇡ = 140 MeV ensemble and compared
to the experimental data from CERN [36], as well as
the results from F⇡ collaboration [46]. The purple bands
are the dispersive analysis results of experimental data
from Ref. [48], which also included form factors in time-
like region. We see good agreement between the lattice
results and the experimental data within the estimated
error bars at low Q

2. It is expected that for low Q
2

the pion form factors can be well described by a simple
monopole Ansatz motivated by the Vector Meson Domi-
nance (VMD) model [75]

F⇡(Q
2) =

1

1 +Q2/M2
. (8)

The monopole mass should be close to the ⇢ meson mass.
Therefore, in Fig. 5 we show the inverse of the pion from
factor, 1/F⇡(Q2) as function of Q2. We see clearly that in
the studied range ofQ2 the inverse form factor can be well
described by a linear function, as expected from mono-
ple form, at least up to Q

2 = 0.4 GeV. The monopole
fit of the lattice data (dashed band in Fig. 5) extended
to higher Q

2 also agrees with the pion form factor ob-
tained by F⇡ collaboration [46], possibly indicating that
the monopole form may work in an extended range of
Q

2.
At very low Q

2 the pion form factor can be character-
ized in terms of the pion charge radius

r
2
⇡ = �6

dF⇡(Q2)

dQ2
|Q2=0. (9)

As mentioned in the introduction the pion charge radius
is very sensitive to the quark mass, and is clearly seen
in the lattice calculations. In fact, it appears to be chal-
lenging to obtain the correct pion charge radius from the
lattice results [51–63]. The lattice calculations at the un-
physical quark masses lead to smaller pion charge radius
than the experimental results. If the monopole form (8)
could describe the pion form factor for all Q2 the pion

mπ = 140 MeV

Pion form factor: Pion charge radius:

X. Gao et al. (BNL-SBU-ANL), 2102.06047. ⟨r2
π⟩ = 0.42(2) fm
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Pion GPD calculation from lattice QCD: method

15

• Moments as form factors of local-gauge invariant operators:
• M. Gockeler et al. (QCDSF), PRL 2004; 

• P. Hagler  et al. (LHPC), PRD 2008; 

• C. Alexandrou et al. (ETM), PRD 2020.
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• Equal-time correlation in boosted hadron states:

• x-space expansion: LaMET or Quasi-GPD

Pion GPD calculation from lattice QCD: method

16

• Ji et al., PRD 92 (2015) 014039;

• Xiong and Zhang, PRD 92 (2015) 5, 

054037;

• Liu et al., PRD 100 (2019) 3, 034006.

∫
dλ
2π

eixλ⟨P̄ +
Δ
2

, S′￼| Õγt(z) | P̄ −
Δ
2

, S⟩ = ū[H̃(x, ξz, t)γt + Ẽ(x, ξz, t)
iσtμΔμ

2M ]u

λ = zPz,Õγt(z) = ψ̄(
z
2

)γ0W(
z
2

, −
z
2

)ψ(−
z
2

), ξz = −
Δz

2P̄z
≈ ξ

(H/E)(x, ξ, t) = ∫
∞

−∞

dy
|y |

C ( x
y

,
ξ
y

,
μ

yP̄z )(H̃/Ẽ)(y, ξ, t, P̄z, μ) + …

Large-momentum expansion (MSbar scheme):

Renormalization: same as the quasi-PDF operator.

• RI’/MOM

• Hybrid renormalization.

Liu et al., PRD 100 (2019) 3, 034006.

Ji et al., NPB 964 (2021) 115311.

*Matching kernel C is the same as 
the PDF case when ξ=0.

Predicting a range of x where the 
power corrections are under control.

• X. Ji, PRL 110 (2013) 262002, SCPMA 57 (2014) 1407-1412;

• X. Ji, Y.S. Liu, Y.Z. Liu, J.H. Zhang and YZ, 2004.03543.
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, S′￼| Õγt(z) | P̄ −
Δ
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z
2

)γ0W(
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z
2
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z
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,
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,
μ

yP̄z )(H̃/Ẽ)(y, ξ, t, P̄z, μ) + …

Large-momentum expansion (MSbar scheme):

Renormalization: same as the quasi-PDF operator.

• RI’/MOM

• Hybrid renormalization.

Liu et al., PRD 100 (2019) 3, 034006.

Ji et al., NPB 964 (2021) 115311.

*Matching kernel C is the same as 
the PDF case when ξ=0.

Predicting a range of x where the 
power corrections are under control.

• X. Ji, PRL 110 (2013) 262002, SCPMA 57 (2014) 1407-1412;

• X. Ji, Y.S. Liu, Y.Z. Liu, J.H. Zhang and YZ, 2004.03543.

• RI’/MOM introduces nonperturbative effects at 
large z;


• Hybrid scheme features a Wilson line mass 
subtraction at large z and avoids this issue;


• We have made much progress in determining 
the Wilson line mass correction (YZ GHP2021).
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• Equal-time correlation in boosted hadron states:

• Coordinate-space factorization: pseudo-GPD

Pion GPD calculation from lattice QCD: method

17

A. Radyushkin, PRD 96 (2017) 3, 034025;

A. Radyushkin, PRD 100 (2019) 11, 116011.

⟨P̄ +
Δ
2

, S′￼| Õγt(λn) | P̄ −
Δ
2

, S⟩ = 2P̄0ℳ(λ, ξz, t; z2)

ℳ̃(λ, ξ, t; z2) =
ℳ(λ, ξ, t; z2)
ℳ(0,0,0; z2)

Factorization at short distance (MSbar scheme):

Conformal operator product expansion (OPE):

Modeling the GPD and fit to 
the short-distance lattice data.

ℳ(λ, ξ, t; z2) = ∫
1

0
dω𝒞(ω, ν, ξ; z2)∫

1

−1
dx eixνH(x, ξ, t, μ) + O(z2Λ2

QCD)

ℳ(λ, ξ, t; z2) =
∞

∑
n=0

ℱn(λ) ξn ∫
1

−1
dy C

3
2
n(

y
ξ

)H(x, ξ, t, μ) + O(αs) + …

Renormalization done by forming the ratio:
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A. Radyushkin, PRD 96 (2017) 3, 034025;

A. Radyushkin, PRD 100 (2019) 11, 116011.
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Δ
2

, S′￼| Õγt(λn) | P̄ −
Δ
2

, S⟩ = 2P̄0ℳ(λ, ξz, t; z2)

ℳ̃(λ, ξ, t; z2) =
ℳ(λ, ξ, t; z2)
ℳ(0,0,0; z2)

Factorization at short distance (MSbar scheme):

Conformal operator product expansion (OPE):

Modeling the GPD and fit to 
the short-distance lattice data.

ℳ(λ, ξ, t; z2) = ∫
1

0
dω𝒞(ω, ν, ξ; z2)∫

1

−1
dx eixνH(x, ξ, t, μ) + O(z2Λ2

QCD)

ℳ(λ, ξ, t; z2) =
∞

∑
n=0

ℱn(λ) ξn ∫
1

−1
dy C

3
2
n(

y
ξ

)H(x, ξ, t, μ) + O(αs) + …

Renormalization done by forming the ratio:

We will consider replacing  with boosted 
pion valence quasi-PDF or quasi-GPD matrix elements to 
suppress the power corrections (X. Gao et al. (BNL/SBU), 

PRD 102 (2020), 074504.).

ℳ(0,0,0; z2)
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• Lattice setup: Wilson-Clover + HISQ


• 3pt function:


• Breit frame kinematics:

The current proposal:

18

P̄ =
2π
L

(0,0,nz) ,
Δ
2

=
2π
L

(nx, ny,0) nz = 0, 2, 4, P̄z = 0, 0.51, 1.02 GeV

mπ = 140 MeVa = 0.076 fm

(nx, ny) = (1,0), (1,1), (2,0), t = 0.26, 0.52 ,1.04 GeV2

643 × 64

• Calculate GPD moments and GPD within a range of x at discrete ξ and t;

• Differentiate GPD models and provide inputs for phenomenology;

M(zPz, z
2) =

h(z, Pz)

h(z, 0)
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Renormalize

h(z, Pz) =
<latexit sha1_base64="fMgirnS+JkTFBnLxUH87et0S4pE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFL14rGA/pF1KNs22oUl2SbJCu/RXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg79ZtPVGkWyQcziqkvcF+ykBFsrPQ4KI/Pat3x6XW3WHIr7gxomXgZKUGGWrf41elFJBFUGsKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LZVYUO2ns4Mn6MQqPRRGypY0aKb+nkix0HokAtspsBnoRW8q/ue1ExNe+SmTcWKoJPNFYcKRidD0e9RjihLDR5Zgopi9FZEBVpgYm1HBhuAtvrxMGucVz6149xel6k0WRx6O4BjK4MElVOEOalAHAgKe4RXeHOW8OO/Ox7w152Qzh/AHzucPlhqPmQ==</latexit><latexit sha1_base64="fMgirnS+JkTFBnLxUH87et0S4pE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFL14rGA/pF1KNs22oUl2SbJCu/RXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg79ZtPVGkWyQcziqkvcF+ykBFsrPQ4KI/Pat3x6XW3WHIr7gxomXgZKUGGWrf41elFJBFUGsKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LZVYUO2ns4Mn6MQqPRRGypY0aKb+nkix0HokAtspsBnoRW8q/ue1ExNe+SmTcWKoJPNFYcKRidD0e9RjihLDR5Zgopi9FZEBVpgYm1HBhuAtvrxMGucVz6149xel6k0WRx6O4BjK4MElVOEOalAHAgKe4RXeHOW8OO/Ox7w152Qzh/AHzucPlhqPmQ==</latexit><latexit sha1_base64="fMgirnS+JkTFBnLxUH87et0S4pE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFL14rGA/pF1KNs22oUl2SbJCu/RXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg79ZtPVGkWyQcziqkvcF+ykBFsrPQ4KI/Pat3x6XW3WHIr7gxomXgZKUGGWrf41elFJBFUGsKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LZVYUO2ns4Mn6MQqPRRGypY0aKb+nkix0HokAtspsBnoRW8q/ue1ExNe+SmTcWKoJPNFYcKRidD0e9RjihLDR5Zgopi9FZEBVpgYm1HBhuAtvrxMGucVz6149xel6k0WRx6O4BjK4MElVOEOalAHAgKe4RXeHOW8OO/Ox7w152Qzh/AHzucPlhqPmQ==</latexit><latexit sha1_base64="fMgirnS+JkTFBnLxUH87et0S4pE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFL14rGA/pF1KNs22oUl2SbJCu/RXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg79ZtPVGkWyQcziqkvcF+ykBFsrPQ4KI/Pat3x6XW3WHIr7gxomXgZKUGGWrf41elFJBFUGsKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LZVYUO2ns4Mn6MQqPRRGypY0aKb+nkix0HokAtspsBnoRW8q/ue1ExNe+SmTcWKoJPNFYcKRidD0e9RjihLDR5Zgopi9FZEBVpgYm1HBhuAtvrxMGucVz6149xel6k0WRx6O4BjK4MElVOEOalAHAgKe4RXeHOW8OO/Ox7w152Qzh/AHzucPlhqPmQ==</latexit>

⌦
Pz

��
<latexit sha1_base64="VQq4+6+Bj+UpTVbHrqcY1h3KxFI=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunFZwT6gDWEynbRDJ5MwMxFqrBt/xY0LRdz6F+78G6dpFtp64MLhnHtn7j1BwpnSjvNtlZaWV1bXyuuVjc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfXbd1QqFotbPU6oF+GBYCEjWBvJtw96ARtkPY7FgNMJavj3ufAw8e2qU3NyoEXiFqQKBRq+/dXrxySNqNCEY6W6rpNoL8NSM2KervRSRRNMRnhAu4YKHFHlZfkFE3RslD4KY2lKaJSrvycyHCk1jgLTGWE9VPPeVPzP66Y6vPAyJpJUU0FmH4UpRzpG0zhQn0lKNB8bgolkZldEhlhiok1oFROCO3/yImmd1lyn5t6cVeuXRRxlOIQjOAEXzqEO19CAJhB4hGd4hTfryXqx3q2PWWvJKmb24Q+szx//vZc7</latexit><latexit sha1_base64="VQq4+6+Bj+UpTVbHrqcY1h3KxFI=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunFZwT6gDWEynbRDJ5MwMxFqrBt/xY0LRdz6F+78G6dpFtp64MLhnHtn7j1BwpnSjvNtlZaWV1bXyuuVjc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfXbd1QqFotbPU6oF+GBYCEjWBvJtw96ARtkPY7FgNMJavj3ufAw8e2qU3NyoEXiFqQKBRq+/dXrxySNqNCEY6W6rpNoL8NSM2KervRSRRNMRnhAu4YKHFHlZfkFE3RslD4KY2lKaJSrvycyHCk1jgLTGWE9VPPeVPzP66Y6vPAyJpJUU0FmH4UpRzpG0zhQn0lKNB8bgolkZldEhlhiok1oFROCO3/yImmd1lyn5t6cVeuXRRxlOIQjOAEXzqEO19CAJhB4hGd4hTfryXqx3q2PWWvJKmb24Q+szx//vZc7</latexit><latexit sha1_base64="VQq4+6+Bj+UpTVbHrqcY1h3KxFI=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunFZwT6gDWEynbRDJ5MwMxFqrBt/xY0LRdz6F+78G6dpFtp64MLhnHtn7j1BwpnSjvNtlZaWV1bXyuuVjc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfXbd1QqFotbPU6oF+GBYCEjWBvJtw96ARtkPY7FgNMJavj3ufAw8e2qU3NyoEXiFqQKBRq+/dXrxySNqNCEY6W6rpNoL8NSM2KervRSRRNMRnhAu4YKHFHlZfkFE3RslD4KY2lKaJSrvycyHCk1jgLTGWE9VPPeVPzP66Y6vPAyJpJUU0FmH4UpRzpG0zhQn0lKNB8bgolkZldEhlhiok1oFROCO3/yImmd1lyn5t6cVeuXRRxlOIQjOAEXzqEO19CAJhB4hGd4hTfryXqx3q2PWWvJKmb24Q+szx//vZc7</latexit><latexit sha1_base64="VQq4+6+Bj+UpTVbHrqcY1h3KxFI=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunFZwT6gDWEynbRDJ5MwMxFqrBt/xY0LRdz6F+78G6dpFtp64MLhnHtn7j1BwpnSjvNtlZaWV1bXyuuVjc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfXbd1QqFotbPU6oF+GBYCEjWBvJtw96ARtkPY7FgNMJavj3ufAw8e2qU3NyoEXiFqQKBRq+/dXrxySNqNCEY6W6rpNoL8NSM2KervRSRRNMRnhAu4YKHFHlZfkFE3RslD4KY2lKaJSrvycyHCk1jgLTGWE9VPPeVPzP66Y6vPAyJpJUU0FmH4UpRzpG0zhQn0lKNB8bgolkZldEhlhiok1oFROCO3/yImmd1lyn5t6cVeuXRRxlOIQjOAEXzqEO19CAJhB4hGd4hTfryXqx3q2PWWvJKmb24Q+szx//vZc7</latexit>

��Pz

↵
<latexit sha1_base64="XH3jpb8qQQdOkzBhJCy/TThr62w=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCK5KIoIui25cVrAXaEOYTCft0MkkzEyEGuvGV3HjQhG3voU738ZpmoW2/jDw8Z9zZub8QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDWtt++oVCwWt3qcUC/CA8FCRrA2lm8f9AI2yB4mqOHf59iTWAw4nfh21ak5udAiuAVUoVDDt796/ZikERWacKxU13US7WVYakbMfZVeqmiCyQgPaNegwBFVXpZvMEHHxumjMJbmCI1y9/dEhiOlxlFgOiOsh2q+NjX/q3VTHV54GRNJqqkgs4fClCMdo2kcqM8kJZqPDWAimfkrIkMsMdEmtIoJwZ1feRFapzXXqbk3Z9X6ZRFHGQ7hCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY9ZasoqZffgj6/MHCTmXQQ==</latexit><latexit sha1_base64="XH3jpb8qQQdOkzBhJCy/TThr62w=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCK5KIoIui25cVrAXaEOYTCft0MkkzEyEGuvGV3HjQhG3voU738ZpmoW2/jDw8Z9zZub8QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDWtt++oVCwWt3qcUC/CA8FCRrA2lm8f9AI2yB4mqOHf59iTWAw4nfh21ak5udAiuAVUoVDDt796/ZikERWacKxU13US7WVYakbMfZVeqmiCyQgPaNegwBFVXpZvMEHHxumjMJbmCI1y9/dEhiOlxlFgOiOsh2q+NjX/q3VTHV54GRNJqqkgs4fClCMdo2kcqM8kJZqPDWAimfkrIkMsMdEmtIoJwZ1feRFapzXXqbk3Z9X6ZRFHGQ7hCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY9ZasoqZffgj6/MHCTmXQQ==</latexit><latexit sha1_base64="XH3jpb8qQQdOkzBhJCy/TThr62w=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCK5KIoIui25cVrAXaEOYTCft0MkkzEyEGuvGV3HjQhG3voU738ZpmoW2/jDw8Z9zZub8QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDWtt++oVCwWt3qcUC/CA8FCRrA2lm8f9AI2yB4mqOHf59iTWAw4nfh21ak5udAiuAVUoVDDt796/ZikERWacKxU13US7WVYakbMfZVeqmiCyQgPaNegwBFVXpZvMEHHxumjMJbmCI1y9/dEhiOlxlFgOiOsh2q+NjX/q3VTHV54GRNJqqkgs4fClCMdo2kcqM8kJZqPDWAimfkrIkMsMdEmtIoJwZ1feRFapzXXqbk3Z9X6ZRFHGQ7hCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY9ZasoqZffgj6/MHCTmXQQ==</latexit><latexit sha1_base64="XH3jpb8qQQdOkzBhJCy/TThr62w=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCK5KIoIui25cVrAXaEOYTCft0MkkzEyEGuvGV3HjQhG3voU738ZpmoW2/jDw8Z9zZub8QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDWtt++oVCwWt3qcUC/CA8FCRrA2lm8f9AI2yB4mqOHf59iTWAw4nfh21ak5udAiuAVUoVDDt796/ZikERWacKxU13US7WVYakbMfZVeqmiCyQgPaNegwBFVXpZvMEHHxumjMJbmCI1y9/dEhiOlxlFgOiOsh2q+NjX/q3VTHV54GRNJqqkgs4fClCMdo2kcqM8kJZqPDWAimfkrIkMsMdEmtIoJwZ1feRFapzXXqbk3Z9X6ZRFHGQ7hCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY9ZasoqZffgj6/MHCTmXQQ==</latexit>

 (0)
<latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit>

 (z)
<latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit>

W (0, z)
<latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit>

tsink ! 1
<latexit sha1_base64="C1aN1+dACTM4dqKVcUceK5iRNGU=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEfRY9OKxgv2AJoTNdtMu3WzC7kQIsQf/ihcPinj1b3jz37htc9DWBwOP92aYmRemgmtwnG+rsrK6tr5R3axtbe/s7tn7Bx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm6ncfmNI8kfeQp8yPyVDyiFMCRgrsIwgKT8VYczmeeJBgj8sI8sCuOw1nBrxM3JLUUYlWYH95g4RmMZNABdG67zop+AVRwKlgk5qXaZYSOiZD1jdUkphpv5jdP8GnRhngKFGmJOCZ+nuiILHWeRyazpjASC96U/E/r59BdOUXXKYZMEnni6JMYPPnNAw84IpRELkhhCpubsV0RBShYCKrmRDcxZeXSee84ToN9+6i3rwu46iiY3SCzpCLLlET3aIWaiOKHtEzekVv1pP1Yr1bH/PWilXOHKI/sD5/AFDqlkc=</latexit><latexit sha1_base64="C1aN1+dACTM4dqKVcUceK5iRNGU=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEfRY9OKxgv2AJoTNdtMu3WzC7kQIsQf/ihcPinj1b3jz37htc9DWBwOP92aYmRemgmtwnG+rsrK6tr5R3axtbe/s7tn7Bx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm6ncfmNI8kfeQp8yPyVDyiFMCRgrsIwgKT8VYczmeeJBgj8sI8sCuOw1nBrxM3JLUUYlWYH95g4RmMZNABdG67zop+AVRwKlgk5qXaZYSOiZD1jdUkphpv5jdP8GnRhngKFGmJOCZ+nuiILHWeRyazpjASC96U/E/r59BdOUXXKYZMEnni6JMYPPnNAw84IpRELkhhCpubsV0RBShYCKrmRDcxZeXSee84ToN9+6i3rwu46iiY3SCzpCLLlET3aIWaiOKHtEzekVv1pP1Yr1bH/PWilXOHKI/sD5/AFDqlkc=</latexit><latexit sha1_base64="C1aN1+dACTM4dqKVcUceK5iRNGU=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEfRY9OKxgv2AJoTNdtMu3WzC7kQIsQf/ihcPinj1b3jz37htc9DWBwOP92aYmRemgmtwnG+rsrK6tr5R3axtbe/s7tn7Bx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm6ncfmNI8kfeQp8yPyVDyiFMCRgrsIwgKT8VYczmeeJBgj8sI8sCuOw1nBrxM3JLUUYlWYH95g4RmMZNABdG67zop+AVRwKlgk5qXaZYSOiZD1jdUkphpv5jdP8GnRhngKFGmJOCZ+nuiILHWeRyazpjASC96U/E/r59BdOUXXKYZMEnni6JMYPPnNAw84IpRELkhhCpubsV0RBShYCKrmRDcxZeXSee84ToN9+6i3rwu46iiY3SCzpCLLlET3aIWaiOKHtEzekVv1pP1Yr1bH/PWilXOHKI/sD5/AFDqlkc=</latexit><latexit sha1_base64="C1aN1+dACTM4dqKVcUceK5iRNGU=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEfRY9OKxgv2AJoTNdtMu3WzC7kQIsQf/ihcPinj1b3jz37htc9DWBwOP92aYmRemgmtwnG+rsrK6tr5R3axtbe/s7tn7Bx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm6ncfmNI8kfeQp8yPyVDyiFMCRgrsIwgKT8VYczmeeJBgj8sI8sCuOw1nBrxM3JLUUYlWYH95g4RmMZNABdG67zop+AVRwKlgk5qXaZYSOiZD1jdUkphpv5jdP8GnRhngKFGmJOCZ+nuiILHWeRyazpjASC96U/E/r59BdOUXXKYZMEnni6JMYPPnNAw84IpRELkhhCpubsV0RBShYCKrmRDcxZeXSee84ToN9+6i3rwu46iiY3SCzpCLLlET3aIWaiOKHtEzekVv1pP1Yr1bH/PWilXOHKI/sD5/AFDqlkc=</latexit>

�t
<latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit>

⌦
H(tsink)

<latexit sha1_base64="1/T0ORXaw2yHyYSlrgiPR3sIL6s=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLopssK9gFNCJPppB06mYSZG6GErtz4K25cKOLWb3Dn3zhts9DWAxcO59w7c+8JU8E1OM63tbK6tr6xWdoqb+/s7u3bB4dtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHodup3HpjSPJH3ME6ZH5OB5BGnBIwU2CdeyAe5J4gcCDbBjSoEuadirLkcTc4Du+LUnBnwMnELUkEFmoH95fUTmsVMAhVE657rpODnRAGn5v2yl2mWEjoiA9YzVJKYaT+fnTHBZ0bp4yhRpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg+jaz7lMM2CSzj+KMoEhwdNMcJ8rRkGMDSFUcbMrpkOiCAWTXNmE4C6evEzaFzXXqbl3l5X6TRFHCR2jU1RFLrpCddRATdRCFD2iZ/SK3qwn68V6tz7mrStWMXOE/sD6/AHbt5i2</latexit><latexit sha1_base64="1/T0ORXaw2yHyYSlrgiPR3sIL6s=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLopssK9gFNCJPppB06mYSZG6GErtz4K25cKOLWb3Dn3zhts9DWAxcO59w7c+8JU8E1OM63tbK6tr6xWdoqb+/s7u3bB4dtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHodup3HpjSPJH3ME6ZH5OB5BGnBIwU2CdeyAe5J4gcCDbBjSoEuadirLkcTc4Du+LUnBnwMnELUkEFmoH95fUTmsVMAhVE657rpODnRAGn5v2yl2mWEjoiA9YzVJKYaT+fnTHBZ0bp4yhRpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg+jaz7lMM2CSzj+KMoEhwdNMcJ8rRkGMDSFUcbMrpkOiCAWTXNmE4C6evEzaFzXXqbl3l5X6TRFHCR2jU1RFLrpCddRATdRCFD2iZ/SK3qwn68V6tz7mrStWMXOE/sD6/AHbt5i2</latexit><latexit sha1_base64="1/T0ORXaw2yHyYSlrgiPR3sIL6s=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLopssK9gFNCJPppB06mYSZG6GErtz4K25cKOLWb3Dn3zhts9DWAxcO59w7c+8JU8E1OM63tbK6tr6xWdoqb+/s7u3bB4dtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHodup3HpjSPJH3ME6ZH5OB5BGnBIwU2CdeyAe5J4gcCDbBjSoEuadirLkcTc4Du+LUnBnwMnELUkEFmoH95fUTmsVMAhVE657rpODnRAGn5v2yl2mWEjoiA9YzVJKYaT+fnTHBZ0bp4yhRpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg+jaz7lMM2CSzj+KMoEhwdNMcJ8rRkGMDSFUcbMrpkOiCAWTXNmE4C6evEzaFzXXqbl3l5X6TRFHCR2jU1RFLrpCddRATdRCFD2iZ/SK3qwn68V6tz7mrStWMXOE/sD6/AHbt5i2</latexit><latexit sha1_base64="1/T0ORXaw2yHyYSlrgiPR3sIL6s=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLopssK9gFNCJPppB06mYSZG6GErtz4K25cKOLWb3Dn3zhts9DWAxcO59w7c+8JU8E1OM63tbK6tr6xWdoqb+/s7u3bB4dtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHodup3HpjSPJH3ME6ZH5OB5BGnBIwU2CdeyAe5J4gcCDbBjSoEuadirLkcTc4Du+LUnBnwMnELUkEFmoH95fUTmsVMAhVE657rpODnRAGn5v2yl2mWEjoiA9YzVJKYaT+fnTHBZ0bp4yhRpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg+jaz7lMM2CSzj+KMoEhwdNMcJ8rRkGMDSFUcbMrpkOiCAWTXNmE4C6evEzaFzXXqbl3l5X6TRFHCR2jU1RFLrpCddRATdRCFD2iZ/SK3qwn68V6tz7mrStWMXOE/sD6/AHbt5i2</latexit>

 (0)
<latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit>

 (z)
<latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit>

W (0, z)
<latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit>

H
†(0)

↵
<latexit sha1_base64="s86ziZiv2kbcKGB6uf2NUqrwarM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi6LbrqsYB/QxDKZ3KZDJ5MwMxFKKLjxV9y4UMStP+HOv3H6WGjrgQuHc+6dufcEKWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWSjJJoUkTnshOQBRwJqCpmebQSSWQOODQDoY3E7/9AFKxRNzpUQp+TCLB+owSbaSefVS/90ISRSArzpkXsCj3JBERhzHu2WWn6kyBl4k7J2U0R6Nnf3lhQrMYhKacKNV1nVT7OZGaUfNgycsUpIQOSQRdQwWJQfn59IYxPjVKiPuJNCU0nqq/J3ISKzWKA9MZEz1Qi95E/M/rZrp/5edMpJkGQWcf9TOOdYIngeCQSaCajwwhVDKzK6YDIgnVJraSCcFdPHmZtM6rrlN1by/Ktet5HEV0jE5QBbnoEtVQHTVQE1H0iJ7RK3qznqwX6936mLUWrPnMIfoD6/MH+/KXFw==</latexit><latexit sha1_base64="s86ziZiv2kbcKGB6uf2NUqrwarM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi6LbrqsYB/QxDKZ3KZDJ5MwMxFKKLjxV9y4UMStP+HOv3H6WGjrgQuHc+6dufcEKWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWSjJJoUkTnshOQBRwJqCpmebQSSWQOODQDoY3E7/9AFKxRNzpUQp+TCLB+owSbaSefVS/90ISRSArzpkXsCj3JBERhzHu2WWn6kyBl4k7J2U0R6Nnf3lhQrMYhKacKNV1nVT7OZGaUfNgycsUpIQOSQRdQwWJQfn59IYxPjVKiPuJNCU0nqq/J3ISKzWKA9MZEz1Qi95E/M/rZrp/5edMpJkGQWcf9TOOdYIngeCQSaCajwwhVDKzK6YDIgnVJraSCcFdPHmZtM6rrlN1by/Ktet5HEV0jE5QBbnoEtVQHTVQE1H0iJ7RK3qznqwX6936mLUWrPnMIfoD6/MH+/KXFw==</latexit><latexit sha1_base64="s86ziZiv2kbcKGB6uf2NUqrwarM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi6LbrqsYB/QxDKZ3KZDJ5MwMxFKKLjxV9y4UMStP+HOv3H6WGjrgQuHc+6dufcEKWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWSjJJoUkTnshOQBRwJqCpmebQSSWQOODQDoY3E7/9AFKxRNzpUQp+TCLB+owSbaSefVS/90ISRSArzpkXsCj3JBERhzHu2WWn6kyBl4k7J2U0R6Nnf3lhQrMYhKacKNV1nVT7OZGaUfNgycsUpIQOSQRdQwWJQfn59IYxPjVKiPuJNCU0nqq/J3ISKzWKA9MZEz1Qi95E/M/rZrp/5edMpJkGQWcf9TOOdYIngeCQSaCajwwhVDKzK6YDIgnVJraSCcFdPHmZtM6rrlN1by/Ktet5HEV0jE5QBbnoEtVQHTVQE1H0iJ7RK3qznqwX6936mLUWrPnMIfoD6/MH+/KXFw==</latexit><latexit sha1_base64="s86ziZiv2kbcKGB6uf2NUqrwarM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi6LbrqsYB/QxDKZ3KZDJ5MwMxFKKLjxV9y4UMStP+HOv3H6WGjrgQuHc+6dufcEKWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWSjJJoUkTnshOQBRwJqCpmebQSSWQOODQDoY3E7/9AFKxRNzpUQp+TCLB+owSbaSefVS/90ISRSArzpkXsCj3JBERhzHu2WWn6kyBl4k7J2U0R6Nnf3lhQrMYhKacKNV1nVT7OZGaUfNgycsUpIQOSQRdQwWJQfn59IYxPjVKiPuJNCU0nqq/J3ISKzWKA9MZEz1Qi95E/M/rZrp/5edMpJkGQWcf9TOOdYIngeCQSaCajwwhVDKzK6YDIgnVJraSCcFdPHmZtM6rrlN1by/Ktet5HEV0jE5QBbnoEtVQHTVQE1H0iJ7RK3qznqwX6936mLUWrPnMIfoD6/MH+/KXFw==</latexit>

⌦
H(tsink)H

†(0)
↵

<latexit sha1_base64="xzoPiq091e3IFTwOKLzb8uO86xk=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjbZbQi6nHoZccJ7gPWWtI07cLStCSpMMr+Ey/+K148KCLe9t+YrT3o5oPA4733S/J7fsqoVJY1M9bWNza3tis71d29/YND8+i4J5NMYNLFCUvEwEeSMMpJV1HFyCAVBMU+I31/fDf3+09ESJrwBzVJiRujiNOQYqS05JlXjk+j3GGIR4xM23Xl5Y6IoaR8PG20H50ARRERdatR5ESRg55Zs5rWAnCV2CWpgRIdz/x2ggRnMeEKMyTl0LZS5eZIKIr1hVUnkyRFeIwiMtSUo5hIN1/sN4XnWglgmAh9uIIL9fdEjmIpJ7GvkzFSI7nszcX/vGGmwhs3pzzNFOG4eCjMGFQJnJcFAyoIVmyiCcKC6r9CPEICYaUrreoS7OWVV0nvomlbTfv+sta6LeuogFNwBurABtegBdqgA7oAg2fwCt7Bh/FivBmfxlcRXTPKmRPwB8bsBxeYovg=</latexit><latexit sha1_base64="xzoPiq091e3IFTwOKLzb8uO86xk=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjbZbQi6nHoZccJ7gPWWtI07cLStCSpMMr+Ey/+K148KCLe9t+YrT3o5oPA4733S/J7fsqoVJY1M9bWNza3tis71d29/YND8+i4J5NMYNLFCUvEwEeSMMpJV1HFyCAVBMU+I31/fDf3+09ESJrwBzVJiRujiNOQYqS05JlXjk+j3GGIR4xM23Xl5Y6IoaR8PG20H50ARRERdatR5ESRg55Zs5rWAnCV2CWpgRIdz/x2ggRnMeEKMyTl0LZS5eZIKIr1hVUnkyRFeIwiMtSUo5hIN1/sN4XnWglgmAh9uIIL9fdEjmIpJ7GvkzFSI7nszcX/vGGmwhs3pzzNFOG4eCjMGFQJnJcFAyoIVmyiCcKC6r9CPEICYaUrreoS7OWVV0nvomlbTfv+sta6LeuogFNwBurABtegBdqgA7oAg2fwCt7Bh/FivBmfxlcRXTPKmRPwB8bsBxeYovg=</latexit><latexit sha1_base64="xzoPiq091e3IFTwOKLzb8uO86xk=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjbZbQi6nHoZccJ7gPWWtI07cLStCSpMMr+Ey/+K148KCLe9t+YrT3o5oPA4733S/J7fsqoVJY1M9bWNza3tis71d29/YND8+i4J5NMYNLFCUvEwEeSMMpJV1HFyCAVBMU+I31/fDf3+09ESJrwBzVJiRujiNOQYqS05JlXjk+j3GGIR4xM23Xl5Y6IoaR8PG20H50ARRERdatR5ESRg55Zs5rWAnCV2CWpgRIdz/x2ggRnMeEKMyTl0LZS5eZIKIr1hVUnkyRFeIwiMtSUo5hIN1/sN4XnWglgmAh9uIIL9fdEjmIpJ7GvkzFSI7nszcX/vGGmwhs3pzzNFOG4eCjMGFQJnJcFAyoIVmyiCcKC6r9CPEICYaUrreoS7OWVV0nvomlbTfv+sta6LeuogFNwBurABtegBdqgA7oAg2fwCt7Bh/FivBmfxlcRXTPKmRPwB8bsBxeYovg=</latexit><latexit sha1_base64="xzoPiq091e3IFTwOKLzb8uO86xk=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjbZbQi6nHoZccJ7gPWWtI07cLStCSpMMr+Ey/+K148KCLe9t+YrT3o5oPA4733S/J7fsqoVJY1M9bWNza3tis71d29/YND8+i4J5NMYNLFCUvEwEeSMMpJV1HFyCAVBMU+I31/fDf3+09ESJrwBzVJiRujiNOQYqS05JlXjk+j3GGIR4xM23Xl5Y6IoaR8PG20H50ARRERdatR5ESRg55Zs5rWAnCV2CWpgRIdz/x2ggRnMeEKMyTl0LZS5eZIKIr1hVUnkyRFeIwiMtSUo5hIN1/sN4XnWglgmAh9uIIL9fdEjmIpJ7GvkzFSI7nszcX/vGGmwhs3pzzNFOG4eCjMGFQJnJcFAyoIVmyiCcKC6r9CPEICYaUrreoS7OWVV0nvomlbTfv+sta6LeuogFNwBurABtegBdqgA7oAg2fwCt7Bh/FivBmfxlcRXTPKmRPwB8bsBxeYovg=</latexit>

�t
<latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit>

Access 
moments 
directly

hxni
<latexit sha1_base64="r6F9hlRpfxpOD6zltJ2qnNvTNpk=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7Argh6DXjxGMA/IxjA76U2GzM4uM71iCDl58Ve8eFDEq9/gzb9x8jhoYkFDUdVNd1eYSmHQ876d3NLyyupafr2wsbm1vePu7tVMkmkOVZ7IRDdCZkAKBVUUKKGRamBxKKEe9q/Gfv0etBGJusVBCq2YdZWIBGdopbZ7GEiIMJBMdSXQhzsVaNHtYaAnQtsteiVvArpI/Bkpkhkqbfcr6CQ8i0Ehl8yYpu+l2BoyjYJLGBWCzEDKeJ91oWmpYjGY1nDyxogeW6VDo0TbUkgn6u+JIYuNGcSh7YwZ9sy8Nxb/85oZRhetoVBphqD4dFGUSYoJHWdCO0IDRzmwhHEt7K2U95hmHG1yBRuCP//yIqmdlnyv5N+cFcuXszjy5IAckRPik3NSJtekQqqEk0fyTF7Jm/PkvDjvzse0NefMZvbJHzifP9KwmVY=</latexit><latexit sha1_base64="r6F9hlRpfxpOD6zltJ2qnNvTNpk=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7Argh6DXjxGMA/IxjA76U2GzM4uM71iCDl58Ve8eFDEq9/gzb9x8jhoYkFDUdVNd1eYSmHQ876d3NLyyupafr2wsbm1vePu7tVMkmkOVZ7IRDdCZkAKBVUUKKGRamBxKKEe9q/Gfv0etBGJusVBCq2YdZWIBGdopbZ7GEiIMJBMdSXQhzsVaNHtYaAnQtsteiVvArpI/Bkpkhkqbfcr6CQ8i0Ehl8yYpu+l2BoyjYJLGBWCzEDKeJ91oWmpYjGY1nDyxogeW6VDo0TbUkgn6u+JIYuNGcSh7YwZ9sy8Nxb/85oZRhetoVBphqD4dFGUSYoJHWdCO0IDRzmwhHEt7K2U95hmHG1yBRuCP//yIqmdlnyv5N+cFcuXszjy5IAckRPik3NSJtekQqqEk0fyTF7Jm/PkvDjvzse0NefMZvbJHzifP9KwmVY=</latexit><latexit sha1_base64="r6F9hlRpfxpOD6zltJ2qnNvTNpk=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7Argh6DXjxGMA/IxjA76U2GzM4uM71iCDl58Ve8eFDEq9/gzb9x8jhoYkFDUdVNd1eYSmHQ876d3NLyyupafr2wsbm1vePu7tVMkmkOVZ7IRDdCZkAKBVUUKKGRamBxKKEe9q/Gfv0etBGJusVBCq2YdZWIBGdopbZ7GEiIMJBMdSXQhzsVaNHtYaAnQtsteiVvArpI/Bkpkhkqbfcr6CQ8i0Ehl8yYpu+l2BoyjYJLGBWCzEDKeJ91oWmpYjGY1nDyxogeW6VDo0TbUkgn6u+JIYuNGcSh7YwZ9sy8Nxb/85oZRhetoVBphqD4dFGUSYoJHWdCO0IDRzmwhHEt7K2U95hmHG1yBRuCP//yIqmdlnyv5N+cFcuXszjy5IAckRPik3NSJtekQqqEk0fyTF7Jm/PkvDjvzse0NefMZvbJHzifP9KwmVY=</latexit><latexit sha1_base64="r6F9hlRpfxpOD6zltJ2qnNvTNpk=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7Argh6DXjxGMA/IxjA76U2GzM4uM71iCDl58Ve8eFDEq9/gzb9x8jhoYkFDUdVNd1eYSmHQ876d3NLyyupafr2wsbm1vePu7tVMkmkOVZ7IRDdCZkAKBVUUKKGRamBxKKEe9q/Gfv0etBGJusVBCq2YdZWIBGdopbZ7GEiIMJBMdSXQhzsVaNHtYaAnQtsteiVvArpI/Bkpkhkqbfcr6CQ8i0Ehl8yYpu+l2BoyjYJLGBWCzEDKeJ91oWmpYjGY1nDyxogeW6VDo0TbUkgn6u+JIYuNGcSh7YwZ9sy8Nxb/85oZRhetoVBphqD4dFGUSYoJHWdCO0IDRzmwhHEt7K2U95hmHG1yBRuCP//yIqmdlnyv5N+cFcuXszjy5IAckRPik3NSJtekQqqEk0fyTF7Jm/PkvDjvzse0NefMZvbJHzifP9KwmVY=</latexit>

 (0)
<latexit sha1_base64="Yq5T2LxzygpC6ek/drhKxgAL01w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOOsmQ2dlhZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vf3tr6xubWdmGnuLu3f3BYOjpumiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+m/mtJ9SGJ/LRThSGMR1KPuCMWie1usrwin/RK5X9qj8HWSVBTsqQo94rfXX7CUtjlJYJakwn8JUNM6otZwKnxW5qUFE2pkPsOCppjCbM5udOyblT+mSQaFfSkrn6eyKjsTGTOHKdMbUjs+zNxP+8TmoHN2HGpUotSrZYNEgFsQmZ/U76XCOzYuIIZZq7WwkbUU2ZdQkVXQjB8surpHlZDfxq8HBVrt3mcRTgFM6gAgFcQw3uoQ4NYDCGZ3iFN095L96797FoXfPymRP4A+/zB1wOjuk=</latexit><latexit sha1_base64="Yq5T2LxzygpC6ek/drhKxgAL01w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOOsmQ2dlhZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vf3tr6xubWdmGnuLu3f3BYOjpumiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+m/mtJ9SGJ/LRThSGMR1KPuCMWie1usrwin/RK5X9qj8HWSVBTsqQo94rfXX7CUtjlJYJakwn8JUNM6otZwKnxW5qUFE2pkPsOCppjCbM5udOyblT+mSQaFfSkrn6eyKjsTGTOHKdMbUjs+zNxP+8TmoHN2HGpUotSrZYNEgFsQmZ/U76XCOzYuIIZZq7WwkbUU2ZdQkVXQjB8surpHlZDfxq8HBVrt3mcRTgFM6gAgFcQw3uoQ4NYDCGZ3iFN095L96797FoXfPymRP4A+/zB1wOjuk=</latexit><latexit sha1_base64="Yq5T2LxzygpC6ek/drhKxgAL01w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOOsmQ2dlhZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vf3tr6xubWdmGnuLu3f3BYOjpumiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+m/mtJ9SGJ/LRThSGMR1KPuCMWie1usrwin/RK5X9qj8HWSVBTsqQo94rfXX7CUtjlJYJakwn8JUNM6otZwKnxW5qUFE2pkPsOCppjCbM5udOyblT+mSQaFfSkrn6eyKjsTGTOHKdMbUjs+zNxP+8TmoHN2HGpUotSrZYNEgFsQmZ/U76XCOzYuIIZZq7WwkbUU2ZdQkVXQjB8surpHlZDfxq8HBVrt3mcRTgFM6gAgFcQw3uoQ4NYDCGZ3iFN095L96797FoXfPymRP4A+/zB1wOjuk=</latexit><latexit sha1_base64="Yq5T2LxzygpC6ek/drhKxgAL01w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOOsmQ2dlhZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vf3tr6xubWdmGnuLu3f3BYOjpumiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+m/mtJ9SGJ/LRThSGMR1KPuCMWie1usrwin/RK5X9qj8HWSVBTsqQo94rfXX7CUtjlJYJakwn8JUNM6otZwKnxW5qUFE2pkPsOCppjCbM5udOyblT+mSQaFfSkrn6eyKjsTGTOHKdMbUjs+zNxP+8TmoHN2HGpUotSrZYNEgFsQmZ/U76XCOzYuIIZZq7WwkbUU2ZdQkVXQjB8surpHlZDfxq8HBVrt3mcRTgFM6gAgFcQw3uoQ4NYDCGZ3iFN095L96797FoXfPymRP4A+/zB1wOjuk=</latexit>

 (z)
<latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit>

H(t)
<latexit sha1_base64="lNyuTtr2it5ufJrJLhqkq8TGG5I=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXnqsYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc/8zhPXRsTqEacJ9yM6UiIUjGImNap4OShX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9GdUo2CSz0v91PCEsgkd8Z6likbc+LPFrXNyYZUhCWNtSyFZqL8nZjQyZhoFtjOiODarXib+5/VSDG/9mVBJilyx5aIwlQRjkj1OhkJzhnJqCWVa2FsJG1NNGdp4SjYEb/XlddK+qnluzXu4rtTv8jiKcAbnUAUPbqAODWhCCxiM4Rle4c2JnBfn3flYthacfOYU/sD5/AE4eY2v</latexit><latexit sha1_base64="lNyuTtr2it5ufJrJLhqkq8TGG5I=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXnqsYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc/8zhPXRsTqEacJ9yM6UiIUjGImNap4OShX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9GdUo2CSz0v91PCEsgkd8Z6likbc+LPFrXNyYZUhCWNtSyFZqL8nZjQyZhoFtjOiODarXib+5/VSDG/9mVBJilyx5aIwlQRjkj1OhkJzhnJqCWVa2FsJG1NNGdp4SjYEb/XlddK+qnluzXu4rtTv8jiKcAbnUAUPbqAODWhCCxiM4Rle4c2JnBfn3flYthacfOYU/sD5/AE4eY2v</latexit><latexit sha1_base64="lNyuTtr2it5ufJrJLhqkq8TGG5I=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXnqsYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc/8zhPXRsTqEacJ9yM6UiIUjGImNap4OShX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9GdUo2CSz0v91PCEsgkd8Z6likbc+LPFrXNyYZUhCWNtSyFZqL8nZjQyZhoFtjOiODarXib+5/VSDG/9mVBJilyx5aIwlQRjkj1OhkJzhnJqCWVa2FsJG1NNGdp4SjYEb/XlddK+qnluzXu4rtTv8jiKcAbnUAUPbqAODWhCCxiM4Rle4c2JnBfn3flYthacfOYU/sD5/AE4eY2v</latexit><latexit sha1_base64="lNyuTtr2it5ufJrJLhqkq8TGG5I=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXnqsYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc/8zhPXRsTqEacJ9yM6UiIUjGImNap4OShX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9GdUo2CSz0v91PCEsgkd8Z6likbc+LPFrXNyYZUhCWNtSyFZqL8nZjQyZhoFtjOiODarXib+5/VSDG/9mVBJilyx5aIwlQRjkj1OhkJzhnJqCWVa2FsJG1NNGdp4SjYEb/XlddK+qnluzXu4rtTv8jiKcAbnUAUPbqAODWhCCxiM4Rle4c2JnBfn3flYthacfOYU/sD5/AE4eY2v</latexit>

H
†(0)

<latexit sha1_base64="F9uAy6x+mp8QiSg/nXOLf0wxxTk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLz1WsLXQxLLZTNKlm03Y3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QcaZ0o7zbZXW1jc2t8rblZ3dvf2D6uFRV6W5pNihKU9lLyAKORPY0Uxz7GUSSRJwfAhGtzP/4QmlYqm41+MM/YTEgkWMEm0kr/XohSSOUdad80G15jScOexV4hakBgXag+qXF6Y0T1BoyolSfdfJtD8hUjPKcVrxcoUZoSMSY99QQRJU/mR+89Q+M0poR6k0JbQ9V39PTEii1DgJTGdC9FAtezPxP6+f6+janzCR5RoFXSyKcm7r1J4FYIdMItV8bAihkplbbTokklBtYqqYENzll1dJ96LhOg337rLWvCniKMMJnEIdXLiCJrSgDR2gkMEzvMKblVsv1rv1sWgtWcXMMfyB9fkD0c6Q3w==</latexit><latexit sha1_base64="F9uAy6x+mp8QiSg/nXOLf0wxxTk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLz1WsLXQxLLZTNKlm03Y3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QcaZ0o7zbZXW1jc2t8rblZ3dvf2D6uFRV6W5pNihKU9lLyAKORPY0Uxz7GUSSRJwfAhGtzP/4QmlYqm41+MM/YTEgkWMEm0kr/XohSSOUdad80G15jScOexV4hakBgXag+qXF6Y0T1BoyolSfdfJtD8hUjPKcVrxcoUZoSMSY99QQRJU/mR+89Q+M0poR6k0JbQ9V39PTEii1DgJTGdC9FAtezPxP6+f6+janzCR5RoFXSyKcm7r1J4FYIdMItV8bAihkplbbTokklBtYqqYENzll1dJ96LhOg337rLWvCniKMMJnEIdXLiCJrSgDR2gkMEzvMKblVsv1rv1sWgtWcXMMfyB9fkD0c6Q3w==</latexit><latexit sha1_base64="F9uAy6x+mp8QiSg/nXOLf0wxxTk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLz1WsLXQxLLZTNKlm03Y3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QcaZ0o7zbZXW1jc2t8rblZ3dvf2D6uFRV6W5pNihKU9lLyAKORPY0Uxz7GUSSRJwfAhGtzP/4QmlYqm41+MM/YTEgkWMEm0kr/XohSSOUdad80G15jScOexV4hakBgXag+qXF6Y0T1BoyolSfdfJtD8hUjPKcVrxcoUZoSMSY99QQRJU/mR+89Q+M0poR6k0JbQ9V39PTEii1DgJTGdC9FAtezPxP6+f6+janzCR5RoFXSyKcm7r1J4FYIdMItV8bAihkplbbTokklBtYqqYENzll1dJ96LhOg337rLWvCniKMMJnEIdXLiCJrSgDR2gkMEzvMKblVsv1rv1sWgtWcXMMfyB9fkD0c6Q3w==</latexit><latexit sha1_base64="F9uAy6x+mp8QiSg/nXOLf0wxxTk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLz1WsLXQxLLZTNKlm03Y3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QcaZ0o7zbZXW1jc2t8rblZ3dvf2D6uFRV6W5pNihKU9lLyAKORPY0Uxz7GUSSRJwfAhGtzP/4QmlYqm41+MM/YTEgkWMEm0kr/XohSSOUdad80G15jScOexV4hakBgXag+qXF6Y0T1BoyolSfdfJtD8hUjPKcVrxcoUZoSMSY99QQRJU/mR+89Q+M0poR6k0JbQ9V39PTEii1DgJTGdC9FAtezPxP6+f6+janzCR5RoFXSyKcm7r1J4FYIdMItV8bAihkplbbTokklBtYqqYENzll1dJ96LhOg337rLWvCniKMMJnEIdXLiCJrSgDR2gkMEzvMKblVsv1rv1sWgtWcXMMfyB9fkD0c6Q3w==</latexit>

f(x, µ2)
<latexit sha1_base64="nEYEiYhqfGRnmLkEVSGC1k60Myc=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBfuB7VqyabYNTbJLkhXL0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1SpVkk78w4pr7AA8lCRrCx0n1YfjrriuShetorltyKOwNaJl5GSpCh3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSyUWVPvp7OIJOrFKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhlSwIXiLLy+TZrXiuRXv9rxUu8riyMMRHEMZPLiAGtxAHRpAQMIzvMKbo50X5935mLfmnGzmEP7A+fwBVhaQBw==</latexit><latexit sha1_base64="nEYEiYhqfGRnmLkEVSGC1k60Myc=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBfuB7VqyabYNTbJLkhXL0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1SpVkk78w4pr7AA8lCRrCx0n1YfjrriuShetorltyKOwNaJl5GSpCh3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSyUWVPvp7OIJOrFKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhlSwIXiLLy+TZrXiuRXv9rxUu8riyMMRHEMZPLiAGtxAHRpAQMIzvMKbo50X5935mLfmnGzmEP7A+fwBVhaQBw==</latexit><latexit sha1_base64="nEYEiYhqfGRnmLkEVSGC1k60Myc=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBfuB7VqyabYNTbJLkhXL0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1SpVkk78w4pr7AA8lCRrCx0n1YfjrriuShetorltyKOwNaJl5GSpCh3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSyUWVPvp7OIJOrFKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhlSwIXiLLy+TZrXiuRXv9rxUu8riyMMRHEMZPLiAGtxAHRpAQMIzvMKbo50X5935mLfmnGzmEP7A+fwBVhaQBw==</latexit><latexit sha1_base64="nEYEiYhqfGRnmLkEVSGC1k60Myc=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBfuB7VqyabYNTbJLkhXL0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0fXUbz1SpVkk78w4pr7AA8lCRrCx0n1YfjrriuShetorltyKOwNaJl5GSpCh3it+dfsRSQSVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSyUWVPvp7OIJOrFKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3mdxISXfspknBgqyXxRmHBkIjR9H/WZosTwsSWYKGZvRWSIFSbGhlSwIXiLLy+TZrXiuRXv9rxUu8riyMMRHEMZPLiAGtxAHRpAQMIzvMKbo50X5935mLfmnGzmEP7A+fwBVhaQBw==</latexit>

Fit ansatz, 
(Machine 
learning?)

Twist-2 OPE 
(LaMET)

X

n

hxnicn(µ2z2)
(�iPzz)n

n!
<latexit sha1_base64="uS66vWhdhfGjugZSmla0r0suPcM="></latexit><latexit sha1_base64="uS66vWhdhfGjugZSmla0r0suPcM="></latexit><latexit sha1_base64="uS66vWhdhfGjugZSmla0r0suPcM="></latexit><latexit sha1_base64="uS66vWhdhfGjugZSmla0r0suPcM="></latexit>

M(zPz, z
2) =

h(z, Pz)

h(z, 0)
<latexit sha1_base64="M2BgMkqYAeFSga4TSX915BXWfpM=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkRdCNUHTjRqhgL9DEMJlO2qGTCzMToQl5CDe+ihsXirh14c63cZp2oa0/DHz85xzOnN+NGBXSML61peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kSCMBqQlqWSkG3GCfJeRjju6mtQ7D4QLGgZ3chwR20eDgHoUI6ksRz9JLYwYvMnKCWw6STW5r1cuLI8jnA7LSVVZlSwno5I5esmoGbngIpgzKIGZmo7+ZfVDHPskkJghIXqmEUk7RVxSzEhWtGJBIoRHaEB6CgPkE2Gn+VEZPFZOH3ohVy+QMHd/T6TIF2Lsu6rTR3Io5msT879aL5beuZ3SIIolCfB0kRczKEM4SQj2KSdYsrEChDlVf4V4iFQiUuVYVCGY8ycvQrteM42aeXtaalzO4iiAQ3AEysAEZ6ABrkETtAAGj+AZvII37Ul70d61j2nrkjabOQB/pH3+AOE6nNA=</latexit><latexit sha1_base64="M2BgMkqYAeFSga4TSX915BXWfpM=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkRdCNUHTjRqhgL9DEMJlO2qGTCzMToQl5CDe+ihsXirh14c63cZp2oa0/DHz85xzOnN+NGBXSML61peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kSCMBqQlqWSkG3GCfJeRjju6mtQ7D4QLGgZ3chwR20eDgHoUI6ksRz9JLYwYvMnKCWw6STW5r1cuLI8jnA7LSVVZlSwno5I5esmoGbngIpgzKIGZmo7+ZfVDHPskkJghIXqmEUk7RVxSzEhWtGJBIoRHaEB6CgPkE2Gn+VEZPFZOH3ohVy+QMHd/T6TIF2Lsu6rTR3Io5msT879aL5beuZ3SIIolCfB0kRczKEM4SQj2KSdYsrEChDlVf4V4iFQiUuVYVCGY8ycvQrteM42aeXtaalzO4iiAQ3AEysAEZ6ABrkETtAAGj+AZvII37Ul70d61j2nrkjabOQB/pH3+AOE6nNA=</latexit><latexit sha1_base64="M2BgMkqYAeFSga4TSX915BXWfpM=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkRdCNUHTjRqhgL9DEMJlO2qGTCzMToQl5CDe+ihsXirh14c63cZp2oa0/DHz85xzOnN+NGBXSML61peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kSCMBqQlqWSkG3GCfJeRjju6mtQ7D4QLGgZ3chwR20eDgHoUI6ksRz9JLYwYvMnKCWw6STW5r1cuLI8jnA7LSVVZlSwno5I5esmoGbngIpgzKIGZmo7+ZfVDHPskkJghIXqmEUk7RVxSzEhWtGJBIoRHaEB6CgPkE2Gn+VEZPFZOH3ohVy+QMHd/T6TIF2Lsu6rTR3Io5msT879aL5beuZ3SIIolCfB0kRczKEM4SQj2KSdYsrEChDlVf4V4iFQiUuVYVCGY8ycvQrteM42aeXtaalzO4iiAQ3AEysAEZ6ABrkETtAAGj+AZvII37Ul70d61j2nrkjabOQB/pH3+AOE6nNA=</latexit><latexit sha1_base64="M2BgMkqYAeFSga4TSX915BXWfpM=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkRdCNUHTjRqhgL9DEMJlO2qGTCzMToQl5CDe+ihsXirh14c63cZp2oa0/DHz85xzOnN+NGBXSML61peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kSCMBqQlqWSkG3GCfJeRjju6mtQ7D4QLGgZ3chwR20eDgHoUI6ksRz9JLYwYvMnKCWw6STW5r1cuLI8jnA7LSVVZlSwno5I5esmoGbngIpgzKIGZmo7+ZfVDHPskkJghIXqmEUk7RVxSzEhWtGJBIoRHaEB6CgPkE2Gn+VEZPFZOH3ohVy+QMHd/T6TIF2Lsu6rTR3Io5msT879aL5beuZ3SIIolCfB0kRczKEM4SQj2KSdYsrEChDlVf4V4iFQiUuVYVCGY8ycvQrteM42aeXtaalzO4iiAQ3AEysAEZ6ABrkETtAAGj+AZvII37Ul70d61j2nrkjabOQB/pH3+AOE6nNA=</latexit>

Renormalize

h(z, Pz) =
<latexit sha1_base64="fMgirnS+JkTFBnLxUH87et0S4pE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFL14rGA/pF1KNs22oUl2SbJCu/RXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg79ZtPVGkWyQcziqkvcF+ykBFsrPQ4KI/Pat3x6XW3WHIr7gxomXgZKUGGWrf41elFJBFUGsKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LZVYUO2ns4Mn6MQqPRRGypY0aKb+nkix0HokAtspsBnoRW8q/ue1ExNe+SmTcWKoJPNFYcKRidD0e9RjihLDR5Zgopi9FZEBVpgYm1HBhuAtvrxMGucVz6149xel6k0WRx6O4BjK4MElVOEOalAHAgKe4RXeHOW8OO/Ox7w152Qzh/AHzucPlhqPmQ==</latexit><latexit sha1_base64="fMgirnS+JkTFBnLxUH87et0S4pE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFL14rGA/pF1KNs22oUl2SbJCu/RXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg79ZtPVGkWyQcziqkvcF+ykBFsrPQ4KI/Pat3x6XW3WHIr7gxomXgZKUGGWrf41elFJBFUGsKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LZVYUO2ns4Mn6MQqPRRGypY0aKb+nkix0HokAtspsBnoRW8q/ue1ExNe+SmTcWKoJPNFYcKRidD0e9RjihLDR5Zgopi9FZEBVpgYm1HBhuAtvrxMGucVz6149xel6k0WRx6O4BjK4MElVOEOalAHAgKe4RXeHOW8OO/Ox7w152Qzh/AHzucPlhqPmQ==</latexit><latexit sha1_base64="fMgirnS+JkTFBnLxUH87et0S4pE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFL14rGA/pF1KNs22oUl2SbJCu/RXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg79ZtPVGkWyQcziqkvcF+ykBFsrPQ4KI/Pat3x6XW3WHIr7gxomXgZKUGGWrf41elFJBFUGsKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LZVYUO2ns4Mn6MQqPRRGypY0aKb+nkix0HokAtspsBnoRW8q/ue1ExNe+SmTcWKoJPNFYcKRidD0e9RjihLDR5Zgopi9FZEBVpgYm1HBhuAtvrxMGucVz6149xel6k0WRx6O4BjK4MElVOEOalAHAgKe4RXeHOW8OO/Ox7w152Qzh/AHzucPlhqPmQ==</latexit><latexit sha1_base64="fMgirnS+JkTFBnLxUH87et0S4pE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfQiFL14rGA/pF1KNs22oUl2SbJCu/RXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg79ZtPVGkWyQcziqkvcF+ykBFsrPQ4KI/Pat3x6XW3WHIr7gxomXgZKUGGWrf41elFJBFUGsKx1m3PjY2fYmUY4XRS6CSaxpgMcZ+2LZVYUO2ns4Mn6MQqPRRGypY0aKb+nkix0HokAtspsBnoRW8q/ue1ExNe+SmTcWKoJPNFYcKRidD0e9RjihLDR5Zgopi9FZEBVpgYm1HBhuAtvrxMGucVz6149xel6k0WRx6O4BjK4MElVOEOalAHAgKe4RXeHOW8OO/Ox7w152Qzh/AHzucPlhqPmQ==</latexit>

⌦
Pz

��
<latexit sha1_base64="VQq4+6+Bj+UpTVbHrqcY1h3KxFI=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunFZwT6gDWEynbRDJ5MwMxFqrBt/xY0LRdz6F+78G6dpFtp64MLhnHtn7j1BwpnSjvNtlZaWV1bXyuuVjc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfXbd1QqFotbPU6oF+GBYCEjWBvJtw96ARtkPY7FgNMJavj3ufAw8e2qU3NyoEXiFqQKBRq+/dXrxySNqNCEY6W6rpNoL8NSM2KervRSRRNMRnhAu4YKHFHlZfkFE3RslD4KY2lKaJSrvycyHCk1jgLTGWE9VPPeVPzP66Y6vPAyJpJUU0FmH4UpRzpG0zhQn0lKNB8bgolkZldEhlhiok1oFROCO3/yImmd1lyn5t6cVeuXRRxlOIQjOAEXzqEO19CAJhB4hGd4hTfryXqx3q2PWWvJKmb24Q+szx//vZc7</latexit><latexit sha1_base64="VQq4+6+Bj+UpTVbHrqcY1h3KxFI=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunFZwT6gDWEynbRDJ5MwMxFqrBt/xY0LRdz6F+78G6dpFtp64MLhnHtn7j1BwpnSjvNtlZaWV1bXyuuVjc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfXbd1QqFotbPU6oF+GBYCEjWBvJtw96ARtkPY7FgNMJavj3ufAw8e2qU3NyoEXiFqQKBRq+/dXrxySNqNCEY6W6rpNoL8NSM2KervRSRRNMRnhAu4YKHFHlZfkFE3RslD4KY2lKaJSrvycyHCk1jgLTGWE9VPPeVPzP66Y6vPAyJpJUU0FmH4UpRzpG0zhQn0lKNB8bgolkZldEhlhiok1oFROCO3/yImmd1lyn5t6cVeuXRRxlOIQjOAEXzqEO19CAJhB4hGd4hTfryXqx3q2PWWvJKmb24Q+szx//vZc7</latexit><latexit sha1_base64="VQq4+6+Bj+UpTVbHrqcY1h3KxFI=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunFZwT6gDWEynbRDJ5MwMxFqrBt/xY0LRdz6F+78G6dpFtp64MLhnHtn7j1BwpnSjvNtlZaWV1bXyuuVjc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfXbd1QqFotbPU6oF+GBYCEjWBvJtw96ARtkPY7FgNMJavj3ufAw8e2qU3NyoEXiFqQKBRq+/dXrxySNqNCEY6W6rpNoL8NSM2KervRSRRNMRnhAu4YKHFHlZfkFE3RslD4KY2lKaJSrvycyHCk1jgLTGWE9VPPeVPzP66Y6vPAyJpJUU0FmH4UpRzpG0zhQn0lKNB8bgolkZldEhlhiok1oFROCO3/yImmd1lyn5t6cVeuXRRxlOIQjOAEXzqEO19CAJhB4hGd4hTfryXqx3q2PWWvJKmb24Q+szx//vZc7</latexit><latexit sha1_base64="VQq4+6+Bj+UpTVbHrqcY1h3KxFI=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJCLosunFZwT6gDWEynbRDJ5MwMxFqrBt/xY0LRdz6F+78G6dpFtp64MLhnHtn7j1BwpnSjvNtlZaWV1bXyuuVjc2t7R17d6+l4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfXbd1QqFotbPU6oF+GBYCEjWBvJtw96ARtkPY7FgNMJavj3ufAw8e2qU3NyoEXiFqQKBRq+/dXrxySNqNCEY6W6rpNoL8NSM2KervRSRRNMRnhAu4YKHFHlZfkFE3RslD4KY2lKaJSrvycyHCk1jgLTGWE9VPPeVPzP66Y6vPAyJpJUU0FmH4UpRzpG0zhQn0lKNB8bgolkZldEhlhiok1oFROCO3/yImmd1lyn5t6cVeuXRRxlOIQjOAEXzqEO19CAJhB4hGd4hTfryXqx3q2PWWvJKmb24Q+szx//vZc7</latexit>

��Pz

↵
<latexit sha1_base64="XH3jpb8qQQdOkzBhJCy/TThr62w=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCK5KIoIui25cVrAXaEOYTCft0MkkzEyEGuvGV3HjQhG3voU738ZpmoW2/jDw8Z9zZub8QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDWtt++oVCwWt3qcUC/CA8FCRrA2lm8f9AI2yB4mqOHf59iTWAw4nfh21ak5udAiuAVUoVDDt796/ZikERWacKxU13US7WVYakbMfZVeqmiCyQgPaNegwBFVXpZvMEHHxumjMJbmCI1y9/dEhiOlxlFgOiOsh2q+NjX/q3VTHV54GRNJqqkgs4fClCMdo2kcqM8kJZqPDWAimfkrIkMsMdEmtIoJwZ1feRFapzXXqbk3Z9X6ZRFHGQ7hCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY9ZasoqZffgj6/MHCTmXQQ==</latexit><latexit sha1_base64="XH3jpb8qQQdOkzBhJCy/TThr62w=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCK5KIoIui25cVrAXaEOYTCft0MkkzEyEGuvGV3HjQhG3voU738ZpmoW2/jDw8Z9zZub8QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDWtt++oVCwWt3qcUC/CA8FCRrA2lm8f9AI2yB4mqOHf59iTWAw4nfh21ak5udAiuAVUoVDDt796/ZikERWacKxU13US7WVYakbMfZVeqmiCyQgPaNegwBFVXpZvMEHHxumjMJbmCI1y9/dEhiOlxlFgOiOsh2q+NjX/q3VTHV54GRNJqqkgs4fClCMdo2kcqM8kJZqPDWAimfkrIkMsMdEmtIoJwZ1feRFapzXXqbk3Z9X6ZRFHGQ7hCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY9ZasoqZffgj6/MHCTmXQQ==</latexit><latexit sha1_base64="XH3jpb8qQQdOkzBhJCy/TThr62w=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCK5KIoIui25cVrAXaEOYTCft0MkkzEyEGuvGV3HjQhG3voU738ZpmoW2/jDw8Z9zZub8QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDWtt++oVCwWt3qcUC/CA8FCRrA2lm8f9AI2yB4mqOHf59iTWAw4nfh21ak5udAiuAVUoVDDt796/ZikERWacKxU13US7WVYakbMfZVeqmiCyQgPaNegwBFVXpZvMEHHxumjMJbmCI1y9/dEhiOlxlFgOiOsh2q+NjX/q3VTHV54GRNJqqkgs4fClCMdo2kcqM8kJZqPDWAimfkrIkMsMdEmtIoJwZ1feRFapzXXqbk3Z9X6ZRFHGQ7hCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY9ZasoqZffgj6/MHCTmXQQ==</latexit><latexit sha1_base64="XH3jpb8qQQdOkzBhJCy/TThr62w=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCK5KIoIui25cVrAXaEOYTCft0MkkzEyEGuvGV3HjQhG3voU738ZpmoW2/jDw8Z9zZub8QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDWtt++oVCwWt3qcUC/CA8FCRrA2lm8f9AI2yB4mqOHf59iTWAw4nfh21ak5udAiuAVUoVDDt796/ZikERWacKxU13US7WVYakbMfZVeqmiCyQgPaNegwBFVXpZvMEHHxumjMJbmCI1y9/dEhiOlxlFgOiOsh2q+NjX/q3VTHV54GRNJqqkgs4fClCMdo2kcqM8kJZqPDWAimfkrIkMsMdEmtIoJwZ1feRFapzXXqbk3Z9X6ZRFHGQ7hCE7AhXOowzU0oAkEHuEZXuHNerJerHfrY9ZasoqZffgj6/MHCTmXQQ==</latexit>

 (0)
<latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit>

 (z)
<latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit>

W (0, z)
<latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit>

tsink ! 1
<latexit sha1_base64="C1aN1+dACTM4dqKVcUceK5iRNGU=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEfRY9OKxgv2AJoTNdtMu3WzC7kQIsQf/ihcPinj1b3jz37htc9DWBwOP92aYmRemgmtwnG+rsrK6tr5R3axtbe/s7tn7Bx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm6ncfmNI8kfeQp8yPyVDyiFMCRgrsIwgKT8VYczmeeJBgj8sI8sCuOw1nBrxM3JLUUYlWYH95g4RmMZNABdG67zop+AVRwKlgk5qXaZYSOiZD1jdUkphpv5jdP8GnRhngKFGmJOCZ+nuiILHWeRyazpjASC96U/E/r59BdOUXXKYZMEnni6JMYPPnNAw84IpRELkhhCpubsV0RBShYCKrmRDcxZeXSee84ToN9+6i3rwu46iiY3SCzpCLLlET3aIWaiOKHtEzekVv1pP1Yr1bH/PWilXOHKI/sD5/AFDqlkc=</latexit><latexit sha1_base64="C1aN1+dACTM4dqKVcUceK5iRNGU=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEfRY9OKxgv2AJoTNdtMu3WzC7kQIsQf/ihcPinj1b3jz37htc9DWBwOP92aYmRemgmtwnG+rsrK6tr5R3axtbe/s7tn7Bx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm6ncfmNI8kfeQp8yPyVDyiFMCRgrsIwgKT8VYczmeeJBgj8sI8sCuOw1nBrxM3JLUUYlWYH95g4RmMZNABdG67zop+AVRwKlgk5qXaZYSOiZD1jdUkphpv5jdP8GnRhngKFGmJOCZ+nuiILHWeRyazpjASC96U/E/r59BdOUXXKYZMEnni6JMYPPnNAw84IpRELkhhCpubsV0RBShYCKrmRDcxZeXSee84ToN9+6i3rwu46iiY3SCzpCLLlET3aIWaiOKHtEzekVv1pP1Yr1bH/PWilXOHKI/sD5/AFDqlkc=</latexit><latexit sha1_base64="C1aN1+dACTM4dqKVcUceK5iRNGU=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEfRY9OKxgv2AJoTNdtMu3WzC7kQIsQf/ihcPinj1b3jz37htc9DWBwOP92aYmRemgmtwnG+rsrK6tr5R3axtbe/s7tn7Bx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm6ncfmNI8kfeQp8yPyVDyiFMCRgrsIwgKT8VYczmeeJBgj8sI8sCuOw1nBrxM3JLUUYlWYH95g4RmMZNABdG67zop+AVRwKlgk5qXaZYSOiZD1jdUkphpv5jdP8GnRhngKFGmJOCZ+nuiILHWeRyazpjASC96U/E/r59BdOUXXKYZMEnni6JMYPPnNAw84IpRELkhhCpubsV0RBShYCKrmRDcxZeXSee84ToN9+6i3rwu46iiY3SCzpCLLlET3aIWaiOKHtEzekVv1pP1Yr1bH/PWilXOHKI/sD5/AFDqlkc=</latexit><latexit sha1_base64="C1aN1+dACTM4dqKVcUceK5iRNGU=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8FQSEfRY9OKxgv2AJoTNdtMu3WzC7kQIsQf/ihcPinj1b3jz37htc9DWBwOP92aYmRemgmtwnG+rsrK6tr5R3axtbe/s7tn7Bx2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64fhm6ncfmNI8kfeQp8yPyVDyiFMCRgrsIwgKT8VYczmeeJBgj8sI8sCuOw1nBrxM3JLUUYlWYH95g4RmMZNABdG67zop+AVRwKlgk5qXaZYSOiZD1jdUkphpv5jdP8GnRhngKFGmJOCZ+nuiILHWeRyazpjASC96U/E/r59BdOUXXKYZMEnni6JMYPPnNAw84IpRELkhhCpubsV0RBShYCKrmRDcxZeXSee84ToN9+6i3rwu46iiY3SCzpCLLlET3aIWaiOKHtEzekVv1pP1Yr1bH/PWilXOHKI/sD5/AFDqlkc=</latexit>

�t
<latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit>

⌦
H(tsink)

<latexit sha1_base64="1/T0ORXaw2yHyYSlrgiPR3sIL6s=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLopssK9gFNCJPppB06mYSZG6GErtz4K25cKOLWb3Dn3zhts9DWAxcO59w7c+8JU8E1OM63tbK6tr6xWdoqb+/s7u3bB4dtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHodup3HpjSPJH3ME6ZH5OB5BGnBIwU2CdeyAe5J4gcCDbBjSoEuadirLkcTc4Du+LUnBnwMnELUkEFmoH95fUTmsVMAhVE657rpODnRAGn5v2yl2mWEjoiA9YzVJKYaT+fnTHBZ0bp4yhRpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg+jaz7lMM2CSzj+KMoEhwdNMcJ8rRkGMDSFUcbMrpkOiCAWTXNmE4C6evEzaFzXXqbl3l5X6TRFHCR2jU1RFLrpCddRATdRCFD2iZ/SK3qwn68V6tz7mrStWMXOE/sD6/AHbt5i2</latexit><latexit sha1_base64="1/T0ORXaw2yHyYSlrgiPR3sIL6s=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLopssK9gFNCJPppB06mYSZG6GErtz4K25cKOLWb3Dn3zhts9DWAxcO59w7c+8JU8E1OM63tbK6tr6xWdoqb+/s7u3bB4dtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHodup3HpjSPJH3ME6ZH5OB5BGnBIwU2CdeyAe5J4gcCDbBjSoEuadirLkcTc4Du+LUnBnwMnELUkEFmoH95fUTmsVMAhVE657rpODnRAGn5v2yl2mWEjoiA9YzVJKYaT+fnTHBZ0bp4yhRpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg+jaz7lMM2CSzj+KMoEhwdNMcJ8rRkGMDSFUcbMrpkOiCAWTXNmE4C6evEzaFzXXqbl3l5X6TRFHCR2jU1RFLrpCddRATdRCFD2iZ/SK3qwn68V6tz7mrStWMXOE/sD6/AHbt5i2</latexit><latexit sha1_base64="1/T0ORXaw2yHyYSlrgiPR3sIL6s=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLopssK9gFNCJPppB06mYSZG6GErtz4K25cKOLWb3Dn3zhts9DWAxcO59w7c+8JU8E1OM63tbK6tr6xWdoqb+/s7u3bB4dtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHodup3HpjSPJH3ME6ZH5OB5BGnBIwU2CdeyAe5J4gcCDbBjSoEuadirLkcTc4Du+LUnBnwMnELUkEFmoH95fUTmsVMAhVE657rpODnRAGn5v2yl2mWEjoiA9YzVJKYaT+fnTHBZ0bp4yhRpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg+jaz7lMM2CSzj+KMoEhwdNMcJ8rRkGMDSFUcbMrpkOiCAWTXNmE4C6evEzaFzXXqbl3l5X6TRFHCR2jU1RFLrpCddRATdRCFD2iZ/SK3qwn68V6tz7mrStWMXOE/sD6/AHbt5i2</latexit><latexit sha1_base64="1/T0ORXaw2yHyYSlrgiPR3sIL6s=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLopssK9gFNCJPppB06mYSZG6GErtz4K25cKOLWb3Dn3zhts9DWAxcO59w7c+8JU8E1OM63tbK6tr6xWdoqb+/s7u3bB4dtnWSKshZNRKK6IdFMcMlawEGwbqoYiUPBOuHodup3HpjSPJH3ME6ZH5OB5BGnBIwU2CdeyAe5J4gcCDbBjSoEuadirLkcTc4Du+LUnBnwMnELUkEFmoH95fUTmsVMAhVE657rpODnRAGn5v2yl2mWEjoiA9YzVJKYaT+fnTHBZ0bp4yhRpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg+jaz7lMM2CSzj+KMoEhwdNMcJ8rRkGMDSFUcbMrpkOiCAWTXNmE4C6evEzaFzXXqbl3l5X6TRFHCR2jU1RFLrpCddRATdRCFD2iZ/SK3qwn68V6tz7mrStWMXOE/sD6/AHbt5i2</latexit>

 (0)
<latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit><latexit sha1_base64="wD0dyI/POVpZEnbCUKn71ovHs48=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM493DsnSDhT2nG+rbX1jc2t7cpOdXdv/+DQPqp1VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMbwu/90ilYrF40LOE+hEeCxYygrWRhnbNi41dpDMvUSxvOOdDu+40nTnQKnFLUocS7aH95Y1ikkZUaMKxUgPXSbSfYakZ4TSveqmiCSZTPKYDQwWOqPKz+e05OjPKCIWxNE9oNFd/JzIcKTWLAjMZYT1Ry14h/ucNUh1e+xkTSaqpIItFYcqRjlFRBBoxSYnmM0MwkczcisgES0y0qatqSnCXv7xKuhdN12m695f11k1ZRwVO4BQa4MIVtOAO2tABAk/wDK/wZuXWi/VufSxG16wycwx/YH3+AMnulEA=</latexit>

 (z)
<latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit>

W (0, z)
<latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit><latexit sha1_base64="l1vUsIAiwuaOjnYEbSo2q01jMyc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9OKxgv2AdinZNNvGZpMlyQp16X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfJP57UeqNJPi3kxi6kd4KFjICDZWarWr7tnTab9ccWvuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa5zXPrXl3F5X6dR5HEY7gGKrgwSXU4RYa0AQCD/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AL7uONA==</latexit>

H
†(0)

↵
<latexit sha1_base64="s86ziZiv2kbcKGB6uf2NUqrwarM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi6LbrqsYB/QxDKZ3KZDJ5MwMxFKKLjxV9y4UMStP+HOv3H6WGjrgQuHc+6dufcEKWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWSjJJoUkTnshOQBRwJqCpmebQSSWQOODQDoY3E7/9AFKxRNzpUQp+TCLB+owSbaSefVS/90ISRSArzpkXsCj3JBERhzHu2WWn6kyBl4k7J2U0R6Nnf3lhQrMYhKacKNV1nVT7OZGaUfNgycsUpIQOSQRdQwWJQfn59IYxPjVKiPuJNCU0nqq/J3ISKzWKA9MZEz1Qi95E/M/rZrp/5edMpJkGQWcf9TOOdYIngeCQSaCajwwhVDKzK6YDIgnVJraSCcFdPHmZtM6rrlN1by/Ktet5HEV0jE5QBbnoEtVQHTVQE1H0iJ7RK3qznqwX6936mLUWrPnMIfoD6/MH+/KXFw==</latexit><latexit sha1_base64="s86ziZiv2kbcKGB6uf2NUqrwarM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi6LbrqsYB/QxDKZ3KZDJ5MwMxFKKLjxV9y4UMStP+HOv3H6WGjrgQuHc+6dufcEKWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWSjJJoUkTnshOQBRwJqCpmebQSSWQOODQDoY3E7/9AFKxRNzpUQp+TCLB+owSbaSefVS/90ISRSArzpkXsCj3JBERhzHu2WWn6kyBl4k7J2U0R6Nnf3lhQrMYhKacKNV1nVT7OZGaUfNgycsUpIQOSQRdQwWJQfn59IYxPjVKiPuJNCU0nqq/J3ISKzWKA9MZEz1Qi95E/M/rZrp/5edMpJkGQWcf9TOOdYIngeCQSaCajwwhVDKzK6YDIgnVJraSCcFdPHmZtM6rrlN1by/Ktet5HEV0jE5QBbnoEtVQHTVQE1H0iJ7RK3qznqwX6936mLUWrPnMIfoD6/MH+/KXFw==</latexit><latexit sha1_base64="s86ziZiv2kbcKGB6uf2NUqrwarM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi6LbrqsYB/QxDKZ3KZDJ5MwMxFKKLjxV9y4UMStP+HOv3H6WGjrgQuHc+6dufcEKWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWSjJJoUkTnshOQBRwJqCpmebQSSWQOODQDoY3E7/9AFKxRNzpUQp+TCLB+owSbaSefVS/90ISRSArzpkXsCj3JBERhzHu2WWn6kyBl4k7J2U0R6Nnf3lhQrMYhKacKNV1nVT7OZGaUfNgycsUpIQOSQRdQwWJQfn59IYxPjVKiPuJNCU0nqq/J3ISKzWKA9MZEz1Qi95E/M/rZrp/5edMpJkGQWcf9TOOdYIngeCQSaCajwwhVDKzK6YDIgnVJraSCcFdPHmZtM6rrlN1by/Ktet5HEV0jE5QBbnoEtVQHTVQE1H0iJ7RK3qznqwX6936mLUWrPnMIfoD6/MH+/KXFw==</latexit><latexit sha1_base64="s86ziZiv2kbcKGB6uf2NUqrwarM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi6LbrqsYB/QxDKZ3KZDJ5MwMxFKKLjxV9y4UMStP+HOv3H6WGjrgQuHc+6dufcEKWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWSjJJoUkTnshOQBRwJqCpmebQSSWQOODQDoY3E7/9AFKxRNzpUQp+TCLB+owSbaSefVS/90ISRSArzpkXsCj3JBERhzHu2WWn6kyBl4k7J2U0R6Nnf3lhQrMYhKacKNV1nVT7OZGaUfNgycsUpIQOSQRdQwWJQfn59IYxPjVKiPuJNCU0nqq/J3ISKzWKA9MZEz1Qi95E/M/rZrp/5edMpJkGQWcf9TOOdYIngeCQSaCajwwhVDKzK6YDIgnVJraSCcFdPHmZtM6rrlN1by/Ktet5HEV0jE5QBbnoEtVQHTVQE1H0iJ7RK3qznqwX6936mLUWrPnMIfoD6/MH+/KXFw==</latexit>

⌦
H(tsink)H

†(0)
↵

<latexit sha1_base64="xzoPiq091e3IFTwOKLzb8uO86xk=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjbZbQi6nHoZccJ7gPWWtI07cLStCSpMMr+Ey/+K148KCLe9t+YrT3o5oPA4733S/J7fsqoVJY1M9bWNza3tis71d29/YND8+i4J5NMYNLFCUvEwEeSMMpJV1HFyCAVBMU+I31/fDf3+09ESJrwBzVJiRujiNOQYqS05JlXjk+j3GGIR4xM23Xl5Y6IoaR8PG20H50ARRERdatR5ESRg55Zs5rWAnCV2CWpgRIdz/x2ggRnMeEKMyTl0LZS5eZIKIr1hVUnkyRFeIwiMtSUo5hIN1/sN4XnWglgmAh9uIIL9fdEjmIpJ7GvkzFSI7nszcX/vGGmwhs3pzzNFOG4eCjMGFQJnJcFAyoIVmyiCcKC6r9CPEICYaUrreoS7OWVV0nvomlbTfv+sta6LeuogFNwBurABtegBdqgA7oAg2fwCt7Bh/FivBmfxlcRXTPKmRPwB8bsBxeYovg=</latexit><latexit sha1_base64="xzoPiq091e3IFTwOKLzb8uO86xk=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjbZbQi6nHoZccJ7gPWWtI07cLStCSpMMr+Ey/+K148KCLe9t+YrT3o5oPA4733S/J7fsqoVJY1M9bWNza3tis71d29/YND8+i4J5NMYNLFCUvEwEeSMMpJV1HFyCAVBMU+I31/fDf3+09ESJrwBzVJiRujiNOQYqS05JlXjk+j3GGIR4xM23Xl5Y6IoaR8PG20H50ARRERdatR5ESRg55Zs5rWAnCV2CWpgRIdz/x2ggRnMeEKMyTl0LZS5eZIKIr1hVUnkyRFeIwiMtSUo5hIN1/sN4XnWglgmAh9uIIL9fdEjmIpJ7GvkzFSI7nszcX/vGGmwhs3pzzNFOG4eCjMGFQJnJcFAyoIVmyiCcKC6r9CPEICYaUrreoS7OWVV0nvomlbTfv+sta6LeuogFNwBurABtegBdqgA7oAg2fwCt7Bh/FivBmfxlcRXTPKmRPwB8bsBxeYovg=</latexit><latexit sha1_base64="xzoPiq091e3IFTwOKLzb8uO86xk=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjbZbQi6nHoZccJ7gPWWtI07cLStCSpMMr+Ey/+K148KCLe9t+YrT3o5oPA4733S/J7fsqoVJY1M9bWNza3tis71d29/YND8+i4J5NMYNLFCUvEwEeSMMpJV1HFyCAVBMU+I31/fDf3+09ESJrwBzVJiRujiNOQYqS05JlXjk+j3GGIR4xM23Xl5Y6IoaR8PG20H50ARRERdatR5ESRg55Zs5rWAnCV2CWpgRIdz/x2ggRnMeEKMyTl0LZS5eZIKIr1hVUnkyRFeIwiMtSUo5hIN1/sN4XnWglgmAh9uIIL9fdEjmIpJ7GvkzFSI7nszcX/vGGmwhs3pzzNFOG4eCjMGFQJnJcFAyoIVmyiCcKC6r9CPEICYaUrreoS7OWVV0nvomlbTfv+sta6LeuogFNwBurABtegBdqgA7oAg2fwCt7Bh/FivBmfxlcRXTPKmRPwB8bsBxeYovg=</latexit><latexit sha1_base64="xzoPiq091e3IFTwOKLzb8uO86xk=">AAACH3icbVDNS8MwHE39nPOr6tFLcAjbZbQi6nHoZccJ7gPWWtI07cLStCSpMMr+Ey/+K148KCLe9t+YrT3o5oPA4733S/J7fsqoVJY1M9bWNza3tis71d29/YND8+i4J5NMYNLFCUvEwEeSMMpJV1HFyCAVBMU+I31/fDf3+09ESJrwBzVJiRujiNOQYqS05JlXjk+j3GGIR4xM23Xl5Y6IoaR8PG20H50ARRERdatR5ESRg55Zs5rWAnCV2CWpgRIdz/x2ggRnMeEKMyTl0LZS5eZIKIr1hVUnkyRFeIwiMtSUo5hIN1/sN4XnWglgmAh9uIIL9fdEjmIpJ7GvkzFSI7nszcX/vGGmwhs3pzzNFOG4eCjMGFQJnJcFAyoIVmyiCcKC6r9CPEICYaUrreoS7OWVV0nvomlbTfv+sta6LeuogFNwBurABtegBdqgA7oAg2fwCt7Bh/FivBmfxlcRXTPKmRPwB8bsBxeYovg=</latexit>

�t
<latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit><latexit sha1_base64="bG5oC1qFlEnCo1dVC5JjyJwxg+4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNizvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDxXQj/w=</latexit>

Access 
moments 
directly

hxni
<latexit sha1_base64="r6F9hlRpfxpOD6zltJ2qnNvTNpk=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7Argh6DXjxGMA/IxjA76U2GzM4uM71iCDl58Ve8eFDEq9/gzb9x8jhoYkFDUdVNd1eYSmHQ876d3NLyyupafr2wsbm1vePu7tVMkmkOVZ7IRDdCZkAKBVUUKKGRamBxKKEe9q/Gfv0etBGJusVBCq2YdZWIBGdopbZ7GEiIMJBMdSXQhzsVaNHtYaAnQtsteiVvArpI/Bkpkhkqbfcr6CQ8i0Ehl8yYpu+l2BoyjYJLGBWCzEDKeJ91oWmpYjGY1nDyxogeW6VDo0TbUkgn6u+JIYuNGcSh7YwZ9sy8Nxb/85oZRhetoVBphqD4dFGUSYoJHWdCO0IDRzmwhHEt7K2U95hmHG1yBRuCP//yIqmdlnyv5N+cFcuXszjy5IAckRPik3NSJtekQqqEk0fyTF7Jm/PkvDjvzse0NefMZvbJHzifP9KwmVY=</latexit><latexit sha1_base64="r6F9hlRpfxpOD6zltJ2qnNvTNpk=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7Argh6DXjxGMA/IxjA76U2GzM4uM71iCDl58Ve8eFDEq9/gzb9x8jhoYkFDUdVNd1eYSmHQ876d3NLyyupafr2wsbm1vePu7tVMkmkOVZ7IRDdCZkAKBVUUKKGRamBxKKEe9q/Gfv0etBGJusVBCq2YdZWIBGdopbZ7GEiIMJBMdSXQhzsVaNHtYaAnQtsteiVvArpI/Bkpkhkqbfcr6CQ8i0Ehl8yYpu+l2BoyjYJLGBWCzEDKeJ91oWmpYjGY1nDyxogeW6VDo0TbUkgn6u+JIYuNGcSh7YwZ9sy8Nxb/85oZRhetoVBphqD4dFGUSYoJHWdCO0IDRzmwhHEt7K2U95hmHG1yBRuCP//yIqmdlnyv5N+cFcuXszjy5IAckRPik3NSJtekQqqEk0fyTF7Jm/PkvDjvzse0NefMZvbJHzifP9KwmVY=</latexit><latexit sha1_base64="r6F9hlRpfxpOD6zltJ2qnNvTNpk=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7Argh6DXjxGMA/IxjA76U2GzM4uM71iCDl58Ve8eFDEq9/gzb9x8jhoYkFDUdVNd1eYSmHQ876d3NLyyupafr2wsbm1vePu7tVMkmkOVZ7IRDdCZkAKBVUUKKGRamBxKKEe9q/Gfv0etBGJusVBCq2YdZWIBGdopbZ7GEiIMJBMdSXQhzsVaNHtYaAnQtsteiVvArpI/Bkpkhkqbfcr6CQ8i0Ehl8yYpu+l2BoyjYJLGBWCzEDKeJ91oWmpYjGY1nDyxogeW6VDo0TbUkgn6u+JIYuNGcSh7YwZ9sy8Nxb/85oZRhetoVBphqD4dFGUSYoJHWdCO0IDRzmwhHEt7K2U95hmHG1yBRuCP//yIqmdlnyv5N+cFcuXszjy5IAckRPik3NSJtekQqqEk0fyTF7Jm/PkvDjvzse0NefMZvbJHzifP9KwmVY=</latexit><latexit sha1_base64="r6F9hlRpfxpOD6zltJ2qnNvTNpk=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7Argh6DXjxGMA/IxjA76U2GzM4uM71iCDl58Ve8eFDEq9/gzb9x8jhoYkFDUdVNd1eYSmHQ876d3NLyyupafr2wsbm1vePu7tVMkmkOVZ7IRDdCZkAKBVUUKKGRamBxKKEe9q/Gfv0etBGJusVBCq2YdZWIBGdopbZ7GEiIMJBMdSXQhzsVaNHtYaAnQtsteiVvArpI/Bkpkhkqbfcr6CQ8i0Ehl8yYpu+l2BoyjYJLGBWCzEDKeJ91oWmpYjGY1nDyxogeW6VDo0TbUkgn6u+JIYuNGcSh7YwZ9sy8Nxb/85oZRhetoVBphqD4dFGUSYoJHWdCO0IDRzmwhHEt7K2U95hmHG1yBRuCP//yIqmdlnyv5N+cFcuXszjy5IAckRPik3NSJtekQqqEk0fyTF7Jm/PkvDjvzse0NefMZvbJHzifP9KwmVY=</latexit>

 (0)
<latexit sha1_base64="Yq5T2LxzygpC6ek/drhKxgAL01w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOOsmQ2dlhZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vf3tr6xubWdmGnuLu3f3BYOjpumiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+m/mtJ9SGJ/LRThSGMR1KPuCMWie1usrwin/RK5X9qj8HWSVBTsqQo94rfXX7CUtjlJYJakwn8JUNM6otZwKnxW5qUFE2pkPsOCppjCbM5udOyblT+mSQaFfSkrn6eyKjsTGTOHKdMbUjs+zNxP+8TmoHN2HGpUotSrZYNEgFsQmZ/U76XCOzYuIIZZq7WwkbUU2ZdQkVXQjB8surpHlZDfxq8HBVrt3mcRTgFM6gAgFcQw3uoQ4NYDCGZ3iFN095L96797FoXfPymRP4A+/zB1wOjuk=</latexit><latexit sha1_base64="Yq5T2LxzygpC6ek/drhKxgAL01w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOOsmQ2dlhZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vf3tr6xubWdmGnuLu3f3BYOjpumiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+m/mtJ9SGJ/LRThSGMR1KPuCMWie1usrwin/RK5X9qj8HWSVBTsqQo94rfXX7CUtjlJYJakwn8JUNM6otZwKnxW5qUFE2pkPsOCppjCbM5udOyblT+mSQaFfSkrn6eyKjsTGTOHKdMbUjs+zNxP+8TmoHN2HGpUotSrZYNEgFsQmZ/U76XCOzYuIIZZq7WwkbUU2ZdQkVXQjB8surpHlZDfxq8HBVrt3mcRTgFM6gAgFcQw3uoQ4NYDCGZ3iFN095L96797FoXfPymRP4A+/zB1wOjuk=</latexit><latexit sha1_base64="Yq5T2LxzygpC6ek/drhKxgAL01w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOOsmQ2dlhZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vf3tr6xubWdmGnuLu3f3BYOjpumiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+m/mtJ9SGJ/LRThSGMR1KPuCMWie1usrwin/RK5X9qj8HWSVBTsqQo94rfXX7CUtjlJYJakwn8JUNM6otZwKnxW5qUFE2pkPsOCppjCbM5udOyblT+mSQaFfSkrn6eyKjsTGTOHKdMbUjs+zNxP+8TmoHN2HGpUotSrZYNEgFsQmZ/U76XCOzYuIIZZq7WwkbUU2ZdQkVXQjB8surpHlZDfxq8HBVrt3mcRTgFM6gAgFcQw3uoQ4NYDCGZ3iFN095L96797FoXfPymRP4A+/zB1wOjuk=</latexit><latexit sha1_base64="Yq5T2LxzygpC6ek/drhKxgAL01w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOOsmQ2dlhZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vf3tr6xubWdmGnuLu3f3BYOjpumiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+m/mtJ9SGJ/LRThSGMR1KPuCMWie1usrwin/RK5X9qj8HWSVBTsqQo94rfXX7CUtjlJYJakwn8JUNM6otZwKnxW5qUFE2pkPsOCppjCbM5udOyblT+mSQaFfSkrn6eyKjsTGTOHKdMbUjs+zNxP+8TmoHN2HGpUotSrZYNEgFsQmZ/U76XCOzYuIIZZq7WwkbUU2ZdQkVXQjB8surpHlZDfxq8HBVrt3mcRTgFM6gAgFcQw3uoQ4NYDCGZ3iFN095L96797FoXfPymRP4A+/zB1wOjuk=</latexit>

 (z)
<latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit><latexit sha1_base64="zeZQV5hg7pv99u5KmMLz6c+t0x0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIskJd+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j1lePXpvF+ueDVvDrxK/JxUIEejX/7qDRKaxkxaKogxXd9TNsiItpwKNi31UsMUoWMyZF1HJYmZCbL5uVN85pQBjhLtSlo8V39PZCQ2ZhKHrjMmdmSWvZn4n9dNbXQdZFyq1DJJF4uiVGCb4NnveMA1o1ZMHCFUc3crpiOiCbUuoZILwV9+eZW0Lmq+V/PvLyv1mzyOIpzAKVTBhyuowx00oAkUxvAMr/CGFHpB7+hj0VpA+cwx/AH6/AHMgI8z</latexit>

H(t)
<latexit sha1_base64="lNyuTtr2it5ufJrJLhqkq8TGG5I=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXnqsYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc/8zhPXRsTqEacJ9yM6UiIUjGImNap4OShX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9GdUo2CSz0v91PCEsgkd8Z6likbc+LPFrXNyYZUhCWNtSyFZqL8nZjQyZhoFtjOiODarXib+5/VSDG/9mVBJilyx5aIwlQRjkj1OhkJzhnJqCWVa2FsJG1NNGdp4SjYEb/XlddK+qnluzXu4rtTv8jiKcAbnUAUPbqAODWhCCxiM4Rle4c2JnBfn3flYthacfOYU/sD5/AE4eY2v</latexit><latexit sha1_base64="lNyuTtr2it5ufJrJLhqkq8TGG5I=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXnqsYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc/8zhPXRsTqEacJ9yM6UiIUjGImNap4OShX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9GdUo2CSz0v91PCEsgkd8Z6likbc+LPFrXNyYZUhCWNtSyFZqL8nZjQyZhoFtjOiODarXib+5/VSDG/9mVBJilyx5aIwlQRjkj1OhkJzhnJqCWVa2FsJG1NNGdp4SjYEb/XlddK+qnluzXu4rtTv8jiKcAbnUAUPbqAODWhCCxiM4Rle4c2JnBfn3flYthacfOYU/sD5/AE4eY2v</latexit><latexit sha1_base64="lNyuTtr2it5ufJrJLhqkq8TGG5I=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXnqsYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc/8zhPXRsTqEacJ9yM6UiIUjGImNap4OShX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9GdUo2CSz0v91PCEsgkd8Z6likbc+LPFrXNyYZUhCWNtSyFZqL8nZjQyZhoFtjOiODarXib+5/VSDG/9mVBJilyx5aIwlQRjkj1OhkJzhnJqCWVa2FsJG1NNGdp4SjYEb/XlddK+qnluzXu4rtTv8jiKcAbnUAUPbqAODWhCCxiM4Rle4c2JnBfn3flYthacfOYU/sD5/AE4eY2v</latexit><latexit sha1_base64="lNyuTtr2it5ufJrJLhqkq8TGG5I=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXnqsYD+gDWWz3bRLN5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc/8zhPXRsTqEacJ9yM6UiIUjGImNap4OShX3Jq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9GdUo2CSz0v91PCEsgkd8Z6likbc+LPFrXNyYZUhCWNtSyFZqL8nZjQyZhoFtjOiODarXib+5/VSDG/9mVBJilyx5aIwlQRjkj1OhkJzhnJqCWVa2FsJG1NNGdp4SjYEb/XlddK+qnluzXu4rtTv8jiKcAbnUAUPbqAODWhCCxiM4Rle4c2JnBfn3flYthacfOYU/sD5/AE4eY2v</latexit>

H
†(0)

<latexit sha1_base64="F9uAy6x+mp8QiSg/nXOLf0wxxTk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLz1WsLXQxLLZTNKlm03Y3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QcaZ0o7zbZXW1jc2t8rblZ3dvf2D6uFRV6W5pNihKU9lLyAKORPY0Uxz7GUSSRJwfAhGtzP/4QmlYqm41+MM/YTEgkWMEm0kr/XohSSOUdad80G15jScOexV4hakBgXag+qXF6Y0T1BoyolSfdfJtD8hUjPKcVrxcoUZoSMSY99QQRJU/mR+89Q+M0poR6k0JbQ9V39PTEii1DgJTGdC9FAtezPxP6+f6+janzCR5RoFXSyKcm7r1J4FYIdMItV8bAihkplbbTokklBtYqqYENzll1dJ96LhOg337rLWvCniKMMJnEIdXLiCJrSgDR2gkMEzvMKblVsv1rv1sWgtWcXMMfyB9fkD0c6Q3w==</latexit><latexit sha1_base64="F9uAy6x+mp8QiSg/nXOLf0wxxTk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLz1WsLXQxLLZTNKlm03Y3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QcaZ0o7zbZXW1jc2t8rblZ3dvf2D6uFRV6W5pNihKU9lLyAKORPY0Uxz7GUSSRJwfAhGtzP/4QmlYqm41+MM/YTEgkWMEm0kr/XohSSOUdad80G15jScOexV4hakBgXag+qXF6Y0T1BoyolSfdfJtD8hUjPKcVrxcoUZoSMSY99QQRJU/mR+89Q+M0poR6k0JbQ9V39PTEii1DgJTGdC9FAtezPxP6+f6+janzCR5RoFXSyKcm7r1J4FYIdMItV8bAihkplbbTokklBtYqqYENzll1dJ96LhOg337rLWvCniKMMJnEIdXLiCJrSgDR2gkMEzvMKblVsv1rv1sWgtWcXMMfyB9fkD0c6Q3w==</latexit><latexit sha1_base64="F9uAy6x+mp8QiSg/nXOLf0wxxTk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLz1WsLXQxLLZTNKlm03Y3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QcaZ0o7zbZXW1jc2t8rblZ3dvf2D6uFRV6W5pNihKU9lLyAKORPY0Uxz7GUSSRJwfAhGtzP/4QmlYqm41+MM/YTEgkWMEm0kr/XohSSOUdad80G15jScOexV4hakBgXag+qXF6Y0T1BoyolSfdfJtD8hUjPKcVrxcoUZoSMSY99QQRJU/mR+89Q+M0poR6k0JbQ9V39PTEii1DgJTGdC9FAtezPxP6+f6+janzCR5RoFXSyKcm7r1J4FYIdMItV8bAihkplbbTokklBtYqqYENzll1dJ96LhOg337rLWvCniKMMJnEIdXLiCJrSgDR2gkMEzvMKblVsv1rv1sWgtWcXMMfyB9fkD0c6Q3w==</latexit><latexit sha1_base64="F9uAy6x+mp8QiSg/nXOLf0wxxTk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLz1WsLXQxLLZTNKlm03Y3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QcaZ0o7zbZXW1jc2t8rblZ3dvf2D6uFRV6W5pNihKU9lLyAKORPY0Uxz7GUSSRJwfAhGtzP/4QmlYqm41+MM/YTEgkWMEm0kr/XohSSOUdad80G15jScOexV4hakBgXag+qXF6Y0T1BoyolSfdfJtD8hUjPKcVrxcoUZoSMSY99QQRJU/mR+89Q+M0poR6k0JbQ9V39PTEii1DgJTGdC9FAtezPxP6+f6+janzCR5RoFXSyKcm7r1J4FYIdMItV8bAihkplbbTokklBtYqqYENzll1dJ96LhOg337rLWvCniKMMJnEIdXLiCJrSgDR2gkMEzvMKblVsv1rv1sWgtWcXMMfyB9fkD0c6Q3w==</latexit>
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• Software:

• Qlua for 3pt functions;


• Multigrid (MG) algorithm solvers for quark propagators;


• Ported with QUDA all the inversion, contraction and smearing 
functionality.


• Requested resources:

• 140k K80 hours


• 80TB disk storage


• 150TB archival storage

The current proposal:
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FIG. 1. Bare matrix elements of Breit-frame pion states are shown as a function of z/a. The data from

the a = 0.04 fm ensemble (red points) have momentum P = (0.97, 0, 0.48) GeV with momentum transfer

q = (0, 0,�0.97) GeV, while the data from the a = 0.06 fm ensemble (red points) have momentum

P = (0.86, 0, 0.43) GeV with momentum transfer q = (0, 0,�0.86) GeV.

mass m⇡ = 140 MeV for valence quarks on 16 nodes of Annie@BNL-IC cluster. In Table-1, we

summarize the timing information from these runs. We will use this timing information to estimate

the computational cost of the project below.

extended source/sink creation text 8.5s

MG inversion sloppy tinv 28s

MG inversion exact tinv 52s

contraction for 2pt function t2pt 7.6s

contraction for 3pt function t3pt 11s

TABLE I. Times needed for various parts of the calculations in seconds for 644 lattice, m⇡ = 140 MeV

using 16 nodes of BNL IC cluster (32 K80 cards).

IV. PROGRESS DURING THE PREVIOUS AND CURRENT ALLOCATION

PERIODS

As part of the continuing project we have in total 5 publications [3, 5–8], with 4 in the 2020-21

period. Achievements and progress within the 2020-21 period are summarized below.

• In Ref. [5] we extended our previous results [3] to finer lattice with spacing a = 0.04 fm, and

used both RI/MOM and the ratio scheme with boosted matrix element [17] for renormaliza-

Timing breakdown for the physical pion mass ensemble 
using 16 nodes of Annie@BNL-IC cluster (32 K80 cards).
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• Lattice QCD can calculate GPD moments and predict GPDs 
within a range of x at fixed ξ and t, providing useful 
inputs for the extraction of GPDs from experiments;


• The BNL-SBU-ANL group have made much progress in the 
pion valence PDF (with systematic improvements), form 
factor and generation of matrix elements for the GPD;


• Outlook: 1) Breit-frame matrix elements for pion valence 
GPD at physical pion mass; 2) analyze the lattice data with 
both the x- and coordinate-space approaches.

Conclusion

20

This year’s proposal: Pion valence GPD at the physical point

Requested time: 140k K80 hours
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ensemble mqa m⇡Lt nz z range #cfgs (#ex,#sl)

a, Lt ⇥ L3

a = 0.06 fm, -0.0388 5.85 0,1 [0,15] 100 (1, 32)

64⇥ 483 2,3,4,5 [0,8] 525 (1, 32)

[9,15] 416 (1, 32)

[16,24] 364 (1, 32)

a = 0.04 fm, -0.033 3.90 0,1 [0,32] 314 (3, 96)

64⇥ 643 2,3 [0,32] 314 (4, 128)

4,5 [0,32] 564 (4, 128)

TABLE I. Details of the measurements on two lattice ensem-
bles used in this paper. For each ensemble, we have specified
the bare Wilson fermion quark mass mqa corresponding to
a 300 MeV pion mass m⇡, the temporal extent Lt of the
lattice in m⇡ units. We specify the number of gauge config-
urations used (#cfgs) and the number of exact and sloppy
inversions per configurations (#ex,#sl) for di↵erent Wilson-
line lengths z used in three-point functions and the pion mo-
mentum Pz = 2⇡nz/(La).

tadpole improved Wilson-Clover valence quarks. That
is, we used the Wilson-Clover quark propagator in the
Wick contractions required in the computations of the
three-point and two-point functions, and the gauge links
that went into the construction of the propagator were
smoothened using 1 step of HYP smearing [57]. We set

the clover coe�cient csw = u�3/4

0
, where u0 is the average

plaquette with 1-HYP smearing; we used csw = 1.02868
and 1.0336 for a = 0.06 fm and 0.04 fm respectively.
We tuned the Wilson-Clover quark mass mqa in both
the ensembles so that the valence pion mass, m⇡, is 300
MeV. Through an initial set of tuning runs we determined
mqa = �0.0388 for a = 0.06 fm and mqa = �0.033 for
a = 0.04 fm lattices. For this pion mass, the values of
m⇡Lt on the a = 0.06 fm and 0.04 fm lattices are 5.85
and 3.89 respectively. Thus it would be more important
to take care of wrap around e↵ects in the finer lattice
and we do so in the analysis. With the usage of 1-HYP
smeared gauge links in the Wilson-Clover operator, we
did not find any exceptional configurations at both the
lattice spacings, as noted by absence of any anomaly in
the convergence of the Dirac operator inversions. We
used the a = 0.06 fm ensemble in our previous analysis
of the valence PDF of pion [42]. With this work, we have
increased the statistics used in this ensemble by more
than two times.

The most basic element of this computation is the
Wilson-Dirac quark propagator inverted over boost
smeared sources and sinks [58] as we discuss more in the
next section on two-point functions. We used the multi-
grid algorithm [59] for the Wilson-Dirac operator inver-
sions to get the quark propagators. These calculations
were performed on GPU using the QUDA suite [60–62].

We used boosted quark source [58] and sink with Gaus-
sian profile, as we discussed in detail in [42]. Instead of
using the gauge-covariant Wuppertal smearing [63] to im-

nz Pz (GeV) ⇣

a = 0.06 fm a = 0.04 fm

0 0 0 0

1 0.43 0.48 0

2 0.86 0.97 1

3 1.29 1.45 2/3

4 1.72 1.93 3/4

5 2.15 2.42 3/5

TABLE II. Table of momenta Pz in GeV at the two lattice
spacings. The values of the ⇣ used in the boosted Gaussian
sources used for each Pz is also shown.

plement the Gaussian profiled quark sources, we gauge-
fixed the configurations in the Coulomb gauge to con-
struct the sources as we found it to be computationally
less expensive. We fixed the radius of the Gaussian pro-
file on a = 0.06 fm and a = 0.04 fm ensembles to be
0.312 fm and 0.208 fm respectively. We discussed the de-
tails of tuning the Gaussian smearing parameters in the
Appendix of [42]. Using these quark propagators, we are
able to compute hadron two-point and three-point func-
tions in hadrons boosted to momentum Pz = 2⇡nz/(La).
We tabulate the details of the statistics used in the

two ensembles in Table I. We increased the statistics in
two ways (a) using statistically uncorrelated gauge field
configurations, which are labeled as #cfg in Table I, and
(b) by using All Mode Averaging (AMA) [64] on each
gauge configuration. In order to mitigate the reduction in
the signal-to-noise ratio in both the three-point and two-
point functions as one increases Pz / nz, we used more
gauge field configurations for larger nz than at smaller
ones. In a = 0.06 fm ensemble, we e↵ectively increased
the statistics 32 times by using 1 exact Dirac operator
inversion and 32 sloppy inversions in the AMA per con-
figuration. In the a = 0.04 fm ensemble, we increased the
number of exact and sloppy solves for nz = 2, 3 and more
for nz = 4, 5. We used a stopping criterion of 10�10 and
10�4 for the exact and sloppy inversions respectively.

III. ANALYSIS OF EXCITED STATES IN THE
TWO-POINT FUNCTION OF BOOSTED PION

In this section, we discuss the computation of boosted
pion correlators and the extraction of the excited state
contributions. Using a smeared (s) pion source ⇡s(P, t)

⇡s(P, t) =
X

x

ds(x, t)�5us(x, t)e
�iP.x, (3)

for pion ⇡+ that is moving with spatial momentum P =
(0, 0, Pz) along the z-direction, we computed the two-
point function of pions

Css
0

2pt
(ts;Pz) =

⌦
⇡s0(P, ts)⇡

†
s
(P, 0)

↵
. (4)
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Ensemble: mval
⇡ (GeV) csw ts/a rG fm nz ni (i = x, y) jz #cfgs (#ex,#sl)

a = 0.076 fm, msea
⇡ = 0.14 GeV, 0.14 1.0372 6, 8, 10 0.342 [0,3] ±1,±2 2 350 (5, 100)

64⇥ 643 [4,7] ±1,±2 5 350 (5, 100)

a = 0.06 fm, msea
⇡ = 0.16 GeV, 0.3 1.0336 8, 10, 12 0.312 [0,1] ±1,±2 0 100 (1, 32)

64⇥ 483 [2,3] ±1,±2 2 525 (1, 32)

[4,5] ±1,±2 3 525 (1, 32)

[0,1] ±1 0 314 (3, 96)

a = 0.04 fm, msea
⇡ = 0.16 GeV 0.3 1.02868 9,12, 0.208 [0,1] ±2 0 314 (2, 64)

64⇥ 643 15,18 [2,3] ±1 2 564 (4, 128)

[2,3] ±2 2 564 (3, 96)

TABLE I. The lattice parameters used in our calculations. Shown are the gauge ensembles used in our study, the valence
pion mass, the coe�cient of the clover term, the size of the smeared Gaussian sources, the source-sink separations, used in the
analysis of the three point functions, the value of the momenta and with the corresponding boost parameters, see text. The
last two columns show the number of gauge configurations and the number of sources in AMA, see text.

Ensemble mval
⇡ ts/a np

z np
i nq

i #cfgs (#ex,#sl)

a, Lt ⇥ L3
s (GeV) i = x, y i = x, y

a = 0.06 fm, msea
⇡ = 0.16, 0.3 8, 2 ±1 ⌥2 120 (1, 32)

64⇥ 483 10

a = 0.04 fm, msea
⇡ = 0.16, 0.3 9,12, 2 ±1 ⌥2 120 (1, 32)

64⇥ 643 15,18

TABLE II. Two set of the measurements in the Breit frame of 2 ensembles are shown. Using the similar notation like Table I,
the initial pion have transverse momentum P i

? = 2⇡np
i /(Lsa), and final state Pf = Pi + q have the same energy.

III. TWO-POINT FUNCTION ANALYSIS

Since the source-sink separation used in this study are
not very large it is important to quantify the contribu-
tions of the excited states when extracting pion matrix
elements. This in turn requires a detailed study of the
pion two point functions. For a = 0.04 fm and 0.06 fm
lattices and m

val
⇡ = 300 MeV the pion two point func-

tions have been studied for di↵erent momenta along the
z-direction in Refs. [9, 10]. Furthermore, this analy-
sis was very recently extended to include momenta also
along the x and y-directions for a = 0.04 fm [72]. We
extended this analysis to a = 0.076 fm and the physical
pion mass.

The pion two point function in Eq. (2) has the spectral
decomposition:

C
ss0

2pt(t) =
Nstate�1X

n=0

A
s
nA

s0⇤
n (e�Ent + e

�En(aLt�t)), (5)

where En+1>En, with E0 being the energy of the pion
ground state. An is the overlap factor h⌦|⇡s|ni of the
state n and the state created by operator ⇡s from the
vacuum state |⌦i. Thanks to the Gaussian smearing, the
excited state contribution is suppressed. So we truncate
the Eq. (5) up to Nstate = 3 and then fit the data in a
range of t between [tmin, aLt/2]. The one-state fit re-
sults of the smeared-smeared (SS) two point function are
shown in left panels of Fig. 1 for three di↵erent momenta.

As one can see, the ground state energies, E0 reach a
plateau when tmin & 10a. And at P = 0, the plateau is
around m⇡ = 140 MeV, which is the physical pion mass.
The lines in the plots are computed from the dispersion
relation E0(P) =

p
P2 +m2

⇡, and show good consistency
with the plateaus. Thus for the determination of the
next energy level, we can fix the ground state energy
E0 to be from the dispersion relation, and perform a 2-
state fit. Interestingly, as shown in right panels of Fig. 1,
we can also observe plateaus for E1 when tmin>5a, fol-
lowing the dispersion relation E1(P) =

p
P2 +m2

⇡0 well
within the errors. This could imply a single-particle ex-
cited state, namely the first radial excitation of the pion
⇡(1300) [72]. Since the first excited state energy, E1 does
not reach a plateau for tmin<5a, we conclude that for
t/a < 5 the contribution of higher excited states in the
two point function is significant. Therefore, we need to
consider three state fits for these t values. To perform
the three state fit, we fix E0 to the dispersion relation
and put a prior to E1 using the best estimates from SS
and smeared-point (SP) correlators [10] together with the
errors from the two-state fit. This way we get the third
excited state energy, E2, which does not depend on tmin

within the statistical errors. However, the value of E2 is
very large, about 3 GeV. This implies that E2 does not
actually belong to a single state but rather to a tower of
many higher excited states. The situation is similar for
other two 300 MeV ensembles [10].

Now we understand that a two-state spectral model
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Ensemble: mval
⇡ (GeV) csw ts/a rG fm nz ni (i = x, y) jz #cfgs (#ex,#sl)
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⇡ = 0.16 GeV 0.3 1.02868 9,12, 0.208 [0,1] ±2 0 314 (2, 64)

64⇥ 643 15,18 [2,3] ±1 2 564 (4, 128)

[2,3] ±2 2 564 (3, 96)

TABLE I. The lattice parameters used in our calculations. Shown are the gauge ensembles used in our study, the valence
pion mass, the coe�cient of the clover term, the size of the smeared Gaussian sources, the source-sink separations, used in the
analysis of the three point functions, the value of the momenta and with the corresponding boost parameters, see text. The
last two columns show the number of gauge configurations and the number of sources in AMA, see text.

Ensemble mval
⇡ ts/a np

z np
i nq

i #cfgs (#ex,#sl)

a, Lt ⇥ L3
s (GeV) i = x, y i = x, y
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⇡ = 0.16, 0.3 8, 2 ±1 ⌥2 120 (1, 32)
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⇡ = 0.16, 0.3 9,12, 2 ±1 ⌥2 120 (1, 32)
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TABLE II. Two set of the measurements in the Breit frame of 2 ensembles are shown. Using the similar notation like Table I,
the initial pion have transverse momentum P i

? = 2⇡np
i /(Lsa), and final state Pf = Pi + q have the same energy.

III. TWO-POINT FUNCTION ANALYSIS

Since the source-sink separation used in this study are
not very large it is important to quantify the contribu-
tions of the excited states when extracting pion matrix
elements. This in turn requires a detailed study of the
pion two point functions. For a = 0.04 fm and 0.06 fm
lattices and m

val
⇡ = 300 MeV the pion two point func-

tions have been studied for di↵erent momenta along the
z-direction in Refs. [9, 10]. Furthermore, this analy-
sis was very recently extended to include momenta also
along the x and y-directions for a = 0.04 fm [72]. We
extended this analysis to a = 0.076 fm and the physical
pion mass.

The pion two point function in Eq. (2) has the spectral
decomposition:
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where En+1>En, with E0 being the energy of the pion
ground state. An is the overlap factor h⌦|⇡s|ni of the
state n and the state created by operator ⇡s from the
vacuum state |⌦i. Thanks to the Gaussian smearing, the
excited state contribution is suppressed. So we truncate
the Eq. (5) up to Nstate = 3 and then fit the data in a
range of t between [tmin, aLt/2]. The one-state fit re-
sults of the smeared-smeared (SS) two point function are
shown in left panels of Fig. 1 for three di↵erent momenta.

As one can see, the ground state energies, E0 reach a
plateau when tmin & 10a. And at P = 0, the plateau is
around m⇡ = 140 MeV, which is the physical pion mass.
The lines in the plots are computed from the dispersion
relation E0(P) =

p
P2 +m2

⇡, and show good consistency
with the plateaus. Thus for the determination of the
next energy level, we can fix the ground state energy
E0 to be from the dispersion relation, and perform a 2-
state fit. Interestingly, as shown in right panels of Fig. 1,
we can also observe plateaus for E1 when tmin>5a, fol-
lowing the dispersion relation E1(P) =

p
P2 +m2

⇡0 well
within the errors. This could imply a single-particle ex-
cited state, namely the first radial excitation of the pion
⇡(1300) [72]. Since the first excited state energy, E1 does
not reach a plateau for tmin<5a, we conclude that for
t/a < 5 the contribution of higher excited states in the
two point function is significant. Therefore, we need to
consider three state fits for these t values. To perform
the three state fit, we fix E0 to the dispersion relation
and put a prior to E1 using the best estimates from SS
and smeared-point (SP) correlators [10] together with the
errors from the two-state fit. This way we get the third
excited state energy, E2, which does not depend on tmin

within the statistical errors. However, the value of E2 is
very large, about 3 GeV. This implies that E2 does not
actually belong to a single state but rather to a tower of
many higher excited states. The situation is similar for
other two 300 MeV ensembles [10].

Now we understand that a two-state spectral model


