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QCD Femtography --- Central Goal of EIC
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Confined motion - TMDs

Tomographic images - GPDs
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QCD Femtography --- Hard inclusive processes as probes
q DIS and PDF
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Single scale 𝑸 One-dim. structure 𝒇𝒊(𝒙)
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QCD Femtography --- Hard inclusive processes as probes
q DIS and PDF
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Single scale 𝑸 One-dim. structure 𝒇𝒊(𝒙)

q SIDIS and TMD
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Two scales: 𝑸 ≫ 𝒒𝑻 ∼ 𝚲𝐐𝐂𝐃

3-dim. structure 𝒇𝒊(𝒙, 𝒌𝑻)
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QCD Femtography --- Hard exclusive processes as probes

GPD

factorization
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QCD Femtography --- Hard exclusive processes as probes

GPD

factorization
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Generalized parton distribution (GPD)
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GPD and 3D tomography
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F1,2(t)

F. T.

q Diffraction probes spatial density

q Two-scale diffraction probes 3D tomography

Parton density in 
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3D image
F. T.

Electric charge radius

[M. Burkardt, 2000, 2003]

“Color” density

confinement;
nuclear force;
color radius…

DVCS



Single diffractive hard exclusive process (SDHEP)
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Probing its structure
without breaking it!

Qiu & Yu, PRD 107 (2023) 014007
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factorize

Single diffractive:

Hard exclusive:

Necessary condition for factorization: 
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t = (p� p0)2

• 𝑪,𝑫	are produced in a hard process H ∼ 𝒒𝑻
• 𝑨∗ lives much longer than H 

𝟐 → 𝟑: minimal kin. configuration!
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Two-stage paradigm and channel expansion
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Two-stage paradigm and channel expansion
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Two-stage paradigm and channel expansion
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Two-stage paradigm and channel expansion (twist expansion)
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≥ 𝟑 parton connection:
Power suppressed
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SDHEP: soft gluon and factorization
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q Example:
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DGLAP region

<latexit sha1_base64="pCQnPiAx9EfgapOtvEI4hEjHtUk=">AAACK3icbVDLSgMxFM34rPVVdelmsAiVYpkpRV0W3bisYB/QaYdMmmlDM0lIMoU69H/c+CsudOEDt/6H6QOxrQcCh3PO5eaeQFCitON8WCura+sbm6mt9PbO7t5+5uCwpngsEa4iTrlsBFBhShiuaqIpbgiJYRRQXA/6N2O/PsBSEc7u9VDgVgS7jIQEQW0kP3PthRKixB0luQeR7/vqrF3ME28AJRaKUM5GaU/z9G/KJNrn8wE/k3UKzgT2MnFnJAtmqPiZF6/DURxhphGFSjVdR+hWAqUmiGKzMFZYQNSHXdw0lMEIq1YyuXVknxqlY4dcmse0PVH/TiQwUmoYBSYZQd1Ti95Y/M9rxjq8aiWEiVhjhqaLwpjamtvj4uwOkRhpOjQEIknMX23Ug6YWbepNmxLcxZOXSa1YcC8KpbtStlyc1ZECx+AE5IALLkEZ3IIKqAIEHsEzeAPv1pP1an1aX9PoijWbOQJzsL5/APMMqB4=</latexit>

1

(zp+ ks)2 + i"
! 1

k�s + i"

<latexit sha1_base64="2GQrVj81tLMlBy9R8P0bLjyeqnk="></latexit>

1

((1� z)p� ks)2 + i"
! 1

k�s � i"

Pinched!

Same conclusion if ks flows through N’!



h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A∗(p1)

S

H

q Factorization for 2-parton channel

A(p1)

B(p2)

C(q1)

D(q2)S

H

Only complication:
𝒌𝒔" is pinched in Glauber 
region for DGLAP region.

<latexit sha1_base64="BNMG7a1R9j8M7qFudvhyD3CIWPY="></latexit>

k+s 7! k+s ± iO(Q)

Glauber 𝒉-collinear region

Soft gluons cancel for the meson-initialized process
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GPD ⌦

SDHEP: two-stage paradigm and factorization
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Challenge for GPD: 𝒙-dependence

x+ ξ x− ξ

p p′

q q′

x

γ∗ γ

DVCS

q Amplitude nature: exclusive processes

q Sensitivity to 𝒙 comes from 𝑪(𝒙, 𝝃; 𝑸/𝝁)

x+ ξ x− ξ

p p′
GPD

𝒙 ∼ loop momentum

never pin down to some 𝒙
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PDF

cross section: cut diagram
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Compare with DIS
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Equally fit!
“moment”

18



Types of 𝒙-sensitivity
q Moment-type sensitivity

x

γ∗

x+ ξ x− ξ
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q

q′

DVMP

x+ ξ x− ξ

p p′

q q′

x

γ∗ γ

DVCS

x

γ∗γ

p p′

x+ ξ x− ξ

TCS
q Enhanced sensitivity

𝑸 flow entangles with the 𝒙 flow

gives extra sensitivity to the 𝒙 dependence

x− ξ

γ
x+ ξ

q2

z
p2 q1

γ

π

p

N

p′

N ′

H

JLab Hall D

First introduced by 
G. Duplancic et al. 
JHEP 11 (2018) 179 

q1

x+ ξ x− ξ

π

p2

1− z

z
q2

γ

γ

p′

N ′

p

N

H

J-PARC, AMBER
Qiu, Yu, 
JHEP 08 (2022) 103 19
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N ′(p′)

π(p2)

#qT

N(p) θ

Enhanced 𝒙-sensitivity: (1) diphoton production
[Qiu & Yu, JHEP 08 (2022) 103]

In addition to
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qTx

γ(q1)

γ(q2)

N ′(p′)

π(p2)

#qT

N(p) θ

Enhanced 𝒙-sensitivity: (1) diphoton production
[Qiu & Yu, JHEP 08 (2022) 103]
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Vary GPD 𝒙 shapes

Different 𝒒𝑻 shapes
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−1 1−ξ ξ x0

Enhanced 𝒙-sensitivity: (2) 𝜸-𝝅 pair production
[Qiu & Yu, arXiv:2023.xxxxx] also contains the special integral

<latexit sha1_base64="TK5aQR4OXP082SD48rn1Eb+Klh8="></latexit>
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Complementary sensitivity
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Enhanced 𝒙-sensitivity: (2) 𝜸-𝝅 pair production

[Qiu & Yu, arXiv:2023.xxxxx]
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Enhanced 𝒙-sensitivity: (2) 𝜸-𝝅 pair production
Polarization asymmetries

[Qiu & Yu, arXiv:2023.xxxxx]
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Enhanced 𝒙-sensitivity: (2) 𝜸-𝝅 pair production

H0 = HGK
H1 = HGK + S1
H2 = HGK + S2
H3 = HGK + Ds
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GPD models = GK model + shadow GPDs
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Summary
q GPD and hadron 3D imaging

Thank you!

q Single Diffractive Hard Exclusive Processes (SDHEP)
• Systematic factorization.
• Roadmap for known and more new processes!

q GPD 𝒙 dependence is challenging
• Multi-processes, multi-observables approach
• Moment sensitivity is not sufficient 
• Enhanced sensitivity

Global 
Analysis

• ML/AI
• LQCD

h′(p′)

B(p2)

!qT
C(q1)

D(q2)

h(p) θ

𝐒𝐃𝐇𝐄𝐏
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Backup slides 
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p1

p2

C1

H

C2

Why single diffractive?

p

N N ′

p′

π

p2

ks

zp + ks q1

q2

(1− z)p− ks

lj −
ks

D̂2

Ĥ

Glauber pinch for diffractive scattering

Factorizable thanks to pion

q Double diffractive process

q Compare: Drell-Yan process at high twist
Non-factorizable even with hard scale

Both 𝒌𝒔$ and 𝒌𝒔" 
are pinched in 
Glauber region!

p1

p2

C1

H

C2

Factorizable Non-factorizable

N ′

1

p′1

p′2

N ′

2

(1− z1)p1 − ks

(1− z2)p2 + ks

z2p2
−
ks

N1

p1

N2

p2

ks

z
1p

1 + k
s

q1

q2

H
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