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GPD and hadron structure
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q Generalized parton distribution (GPD)
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u(p)� E

q(x, ⇠, t) ū (p0)
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q Emergent hadron properties
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i = q, g

X.-D. Ji, 1997

Need full 𝒙-dependence at a substantial range of 𝒕, 𝝃 !  
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q Amplitude nature: exclusive processes
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p p′

q q′

x

γ∗ γDVCS
x+ ξ x− ξ
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GPD

𝒙 ∼ loop momentum

never pin down to some 𝒙
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cross section: cut diagram
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Compare with DIS

𝒙-dependence problem for GPD
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q Sensitivity to 𝒙: comes from 𝑪(𝒙, 𝝃; 𝑸/𝝁)

[Bertone et al. PRD `21]

Equally fit!
“moment”
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“LO scaling”

𝒙-dependence problem for GPD

Shadow 
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Pixelation construction of GPD

Shadow GPDs make parametric method biased

Construct GPDs from most flexible pixelation method

GPD
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Pixelation construction of GPD

Shadow GPDs make parametric method biased

Construct GPDs from most flexible pixelation method

Double distribution (DD) GPD
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Reconstructing with only scaling moments
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How to understand the result?
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Each pixel is independent (modulo DD to GPD conversion).

Ø Optimization process

Calculate observable and get loss  

Backward propagation 

<latexit sha1_base64="4OUOWZABT3SHUoLdkcxlB7iH5UQ="></latexit>

@L[HGK, HNN]

@HNN(x, ⇠, t)
/

h
M

[HGK]
0 (⇠, t)�M

[HNN]
0 (⇠, t)

i
· 2x

x2 � ⇠2

<latexit sha1_base64="SSvIDJoCvW/U1AZtl2ZWAl40geE="></latexit>

HNN(x, ⇠, t) ! HNN(x, ⇠, t)� lr · @L[HGK, HNN]

@HNN(x, ⇠, t)

Optimization (gradient descent)
(Real part only)

9



How to understand the result?
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10



D

F

h

h
0

Bdi
↵r
ac
ti
ve

pl
an
e �

scatteringplane C

✓
H

z

xy

�T

A
⇤

q 𝒙-sensitivity ⇔ 𝟐 → 𝟐 hard scattering

[suppressing 𝒕 and 𝝃 dependence]
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Types of 𝒙-sensitivity

Kinematics: 

1. .𝒔 = 𝟐	𝝃	𝒔	/	(𝟏 + 𝝃)

2. 𝜽 or 𝒒𝑻 = ( .𝒔/𝟐)	sin𝜽

3. 𝝓 

𝝃

𝒙

(𝑨∗𝑩)	spin states

[Qiu, Yu, PRD 107 (2023) 014007;  Qiu, Sato, Yu, 2409.06882]



D

F

h

h
0

Bdi
↵r
ac
ti
ve

pl
an
e �

scatteringplane C

✓
H

z

xy

�T

A
⇤

q 𝒙-sensitivity ⇔ 𝟐 → 𝟐 hard scattering

[suppressing 𝒕 and 𝝃 dependence]

<latexit sha1_base64="2t8pBrOTyq9kDSwSbPym8p1KiQM="></latexit>

(Q = ✓ or qT )

<latexit sha1_base64="Zoq2MZ/e7fXN9gui0EmKqcKGnKU="></latexit>

M(Q,�) '
X

A

ei(�A��B)� ·
Z 1

�1
dxFA(x)CA(x;Q)

12

Types of 𝒙-sensitivity

Kinematics: 

1. .𝒔 = 𝟐	𝝃	𝒔	/	(𝟏 + 𝝃)

2. 𝜽 or 𝒒𝑻 = ( .𝒔/𝟐)	sin𝜽

3. 𝝓 

𝝃

𝒙

(𝑨∗𝑩)	spin states

Ø Moment-type sensitivity

Inversion problem: shadow GPD
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Independent of 𝑸. 
Scaling for 𝑭𝑮.

[Qiu, Yu, PRD 107 (2023) 014007;  Qiu, Sato, Yu, 2409.06882]
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Independent of 𝑸. 
Scaling for 𝑭𝑮.

Ø Enhanced sensitivity
Scaling breaking at LO

[Qiu, Yu, PRD 107 (2023) 014007;  Qiu, Sato, Yu, 2409.06882]



Two processes with enhanced 𝒙-sensitivity
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transition GPDs



Enhanced 𝒙-sensitivity: (1) diphoton mesoproduction
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Enhanced 𝒙-sensitivity: (2) 𝜸-𝝅 pair photoproduction
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Improve with non-scaling integrals

Non-scaling integral
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Improve with non-scaling integrals

Non-scaling integral
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Compare with constraints from Lattice observables

[Ma & Qiu, PRL 120 (2018) 2, 022003]q Good lattice cross section method
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Summary

Ø Extracting x-dependence of GPDs has difficulty from exclusiveness

Ø Pixelation + NN provides a way to visualize the fitting process

Ø DVCS (and similar processes) mostly constrain the ridge 𝒙 = ±𝝃

Ø Non-scaling integrals are needed to constrain other regions

Ø Lattice observables provide useful complementary constraints

global analysis

Thank you!
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