Lattice QCD Study of Nonzero Skewness GPDs

(M. Chu, Phys.Rev.D 112 (2025) 9, 094510

‘M. Chu, arxiv: 2607.xxxx (In ,ore,oaration)‘

Min-Huan Chu

Adam Mickiewicz University % gg ;9@ S
23/06/2026 ( l M wa?)%rgglcmwmm




Outline

GPDs

LaMET approach

SDE approach

Summary and outlook




Outline

GPDs

LaMET approach

SDE approach

Summary and outlook




UNIWERSYTET
IM. ADAMA MICKIEWICZA
uAM W POZNANIU
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GPDs

Deep Virtual Compton Scattering angular momentum
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nucleon tomographic figures
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® EXp erimental analysis The isovector GPD H,,_q at —t = 0.69 GeV" tuned with DA terms

global fitting
2D plots for H,_ ,(x, &)
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* Phenomenological results
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two approaches 1n lattice determination of GPDs

, matrix element‘ N
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[attice results of GPDs

e symmetric frame

ETMC, Phys.Rev.Lett. 125 (2020) 26, 262001 (unpolarized-+helicity+one &)
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[attice results of GPDs SDE

e short-distance expansion (moments)

ETMC, Phys.Rev.D 108 (2023) 1, 014507 (unpolarized + moments)
ETMC, Phys.Rev.D 110 (2024) 5, 054502 (unpolarized + reconstruction)
HadStruc, JHEP 08 (2024) 162 (unpolarized + moments + £ dependent)
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e GPD features

unpolarized — polarized (helicity, transversity...)

c=0-¢#0

ANN reconstruction could be applied for all cases !
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two approaches 1n lattice determination of GPDs
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LaMET LaMET

Equal time correlation Light-cone correlation:
_|_
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X. Ji, Phys.Rev.Lett. 110 (2013) 262002
Due to the IR structure are only based on states, then the difference i
5 .  dx AQCD AQCD
between ¢(x) and ¢(x) is only UV structure, which can be perturbatively | ¢(y, P<, u) = — ( )gb(x, u)+ O
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determined.




%@ LaMET approach

achievements achievements

Proton unpolarized quark PDF Proton axial vector GPD Proton unpolarized GPD
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definition of GPDs definition of GPDs
7 7 7z Projecting to 16 components: Leud
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LaMET approach

numerical results: amplitudes

8 amplitudes
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numerical results: H and E GPDs
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LaMET approach

numerical results: light-cone GPDs

unreliable region: power correction atx — £ [£]| and x — £ 1,
BG at x — O (limitation of light-cone results)

3.0 ;
W t= —0.089 GeV? (H') | £= _%
2.5 .- t=-0205GeV: P;=1.042 GeV
= —0.493 GeV? | 1
5 o) I o 0493 GV H/E decay with —¢
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—_______-J
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X
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3.0 mmm t= -0.613 GeV?, £=1, P;=1.458 GeV H/E suppress 1N ERBL but gI‘OWS
23 with & increase
2.0
T
1.5-
1.0 discontinuity in unreliable region
0.5 causes underwhelming results
~0.5 : 1 :
Z1.0 ~0.5 0.0 0.5 1.0

solutions for Iimitations

1. renormalization: from RI/MOM to hybrid
2. power correction: larger hadron momentum
3. FT: neuron network reconstruction (in progress)

4. lattice: continuum limit + physical pion mass (in progress)

H(x, ¢, 1), E(x,¢,1)

angular momentum
elastic form factor

nucleon tomographic
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two approaches 1n lattice determination of GPDs

matrix element‘ .

renormahgzation: double ratio
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matching f SDE

matched-correlation
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main i1dea main i1dea

Melin moments for equal time correlation Melin moments for light-cone correlation

1
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SDE approach

achievements

Proton unpolarized quark GPD at zero skewness

achievements

Proton unpolarized quark PDF

S. Bhattacharya, et,al., Phys.Rev.D 108 (2023) 1, 014507

B. Jod, et,al., JHEP 12 (2019) 081
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from GPDs to moments from GPDs to moments

FO(Da 59 ta Zz)/PDFO(Uao)

1
Fn(f, Z, Zz) — J dx x”—IF(x, S, 1, Zz)
—1 PDF,(0,z2)/PDF,(0,0)

double ratio  F(v, &,t,7%) =

zero skewness

.1 M
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71 1=0,even — n.
1 n n=0 H. Dutrieux, et,al., JHEP 08 (2024) 162

dx xX"E(x,E=0.)= ) B, ()
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first four moments at u = 2 GeV
2
, C1,o(z2,u2)A1,o(f) ~ 5 [§2C3,2(z2ﬂ2),41,0(t) + C3»0(22/42) (A3,o(f) + 52A3,2(t))]

lattice data
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3
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ANN reconstruction fit quality

h; = f(x) = tanh(w;x + b;) lattice data with z = [1,2,3,4] a

i | | | |
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moments results J1’s sum rule

@ a-in 1 R T e HadStruc | ETMC ETMC | This work
2.0F R ; _ (2024) (2023) (2026) | (preliminary)
: Bio%t) 1 o0.3F _
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L s e,
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Other higher moments are almost comparable with zero.
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%@ Summary and outlook

unified ANN reconstruction unified ANN reconstruction

SN
1
-

M. Chu, et,al., JHEP 05 (2026) 210

ratio ().2 O 8
renormalization ———————————————s.

SDE LaMET SDE

RI/MOM
renormalization

lattice input

bare MES
(lattice input)

renormalized

Three major 1ssues

inverse coordinate-
Fourier space
transform matching (SDE)

1. renormalization and matching of LaMET

light-cone
I'TD

F(v)

qguasi-
distribution

q(z, P,)

2. When & # 0, reliable region of LaMET depends on €.

light-cone
distribution

q(x)

. . lattice Input 3. How could SDE cooperate with LaMET?
inverse Fourier
transform

Inverse matching
(LaMET)




Summary and outlook

e Lattice QCD calculations of GPDs with non-zero skewness are essential for understanding

the internal 3D structure of hadrons.

* The project presents results from LaMET and SDE frameworks, extracting light-cone GPDs

and 1ts Mellin moments.

e In the future, applying a unified ANN reconstructions will help improving the x dependent

results of GPDs.

Thank youl




