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Deeply Virtual Compton Scattering (DVCS)
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GPD moments

• Both Re and Im parts
• 8 real dof’s in total!

Rosenbluth method
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How to separate the GPD moments in DVCS?
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q Azimuthal modulation in the Breit frame

Ø (𝑥# , 𝑄$) determine: (1) electron scattering, (2) 𝛾∗ kinematics

Ø 𝑡, 𝜙  describe the 𝛾∗𝑁 scattering
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[A.V. Belitsky et al., 2002]
[B. Kriesten et al., 2020, 2022]
[Y. Guo et al., 2021, 2022]
…
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ei(�N���⇤ )�𝝓 dependence in the DVCS amplitude: polarization separate GPDs (?)

[Consider unpolarized target]

Breit frame observables: 
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Bethe-Heitler subprocess!
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ŷ

DVCS

p p
′

q q
′

DVCS

p p′

q q′
!

!′

Photon electroproduction

�(q0)

e(`)

e(` 0)

leptonicplane

�
N(p)

� ⇤(��)

hadronic plane

N
(p
0 )

S

ẑ
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q DVCS is just a subprocess!
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Measurement in Breit frame
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q Experiments measure cross section
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q Analysis procedure

Ø For each event, boost to Breit frame and compute observables

Ø Bin (𝒙𝑩, 𝑸𝟐, 𝒕). 

Ø For each (𝒙𝑩, 𝑸𝟐, 𝒕) bin, make histogram of 𝝓.

Ø Subtract 𝑴𝑩𝑯
𝟐 using known (𝑭𝟏, 𝑭𝟐) measurements.

Ø Fit 𝝓 histogram to some harmonic template.

Ø Compare with theory to extract GPD moments. 

The binning introduces extra systematic uncertainties!
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A better way to think about DVCS
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q Single diffractive hard exclusive process (SDHEP) [Qiu & Yu, PRD 107 (2023) 014007]
[Qiu, Sato, Yu, PRD 111 (2025) 094014]
[in preparation]
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t = (p� p0)2

Two scales:
• Hard 𝒒𝑻
• Soft 𝒕

View in lab frame
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A better way to think about DVCS

7

q Single diffractive hard exclusive process (SDHEP)

Necessary condition for factorization: 
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Quasi-real state

View in lab frame

[Qiu & Yu, PRD 107 (2023) 014007]
[Qiu, Sato, Yu, PRD 111 (2025) 094014]
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Channel expansion and power counting
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Channel expansion and power counting
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BH and DVCS are treated on the same ground!
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Channel expansion and power counting
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One more physically polarized parton in 𝑨∗
           one more suppression of −𝒕/𝒒𝑻

• Consistent power counting
• Channel expansion = power expansion
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SDHEP frame and 𝝓 distribution

11

<latexit sha1_base64="g0bkV0XY4dhLRvvDcQ0KfmwpkQE="></latexit>

M (t, ⇠,�S , ✓,�) =
X

A⇤

ei(�A��e)�FN!NA⇤ ⌦GA⇤e!e�

Interference of (𝝀𝑨, 𝝀𝑨" ) channels
<latexit sha1_base64="7XmU2Z0kJ7vmR0JDKFgu/GjBUbc="></latexit>

��A = �A � �0
A

<latexit sha1_base64="TZTIL4BCZPAoV2JmRIqStm3lx2Q="></latexit>

cos[(��A)�]
<latexit sha1_base64="rIWedxJ1BOv6bYRpjHWJ78zXOAo="></latexit>

sin[(��A)�]

<latexit sha1_base64="D8JSEttFFdsidL+qalq6ZhHvvIQ="></latexit>

|M|2

N(p)
N(p′)

A∗

e(p2)

e(q1)

γ(q2) γ(q2)

e(q1)

e(p2)

A′∗

N(p)
N(p′)

H H

<latexit sha1_base64="+AUyVWk/W7neAyu4iKXKriS8hE4="></latexit> X

A,A0

Ø 𝝓 distribution is determined by 𝑨∗ spin states!

Ø Both 𝑨∗ and 𝒆 are along 𝒛 axis, so there is no 𝝓 in denominators.
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𝒏 = 𝟏: 𝜸∗ channel --- BH subprocess
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q Advantage: the quasi-real state 𝑨∗ has well-defined helicity for all 𝑛 = 𝟏, 𝟐, 𝟑, …

• Only the transverse polarization 𝜸𝑻∗  is at LP

• The longitudinal polarization 𝜸𝑳∗  is at NLP
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𝒏 = 𝟐: [𝒒+𝒒] channel --- DVCS (twist-2)

q Advantage: the quasi-real state 𝑨∗ has well-defined helicity for all 𝑛 = 𝟏, 𝟐, 𝟑, …
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Combine 𝒏 = 𝟏 and 𝒏 = 𝟐 channels
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q Amplitude level
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Combine 𝒏 = 𝟏 and 𝒏 = 𝟐 channels
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q Amplitude level
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|M|2LP = |MI|2 No 𝝓 modulation.  𝝀𝑨
𝜸 = +𝟏 and 𝝀𝑨

𝜸 = −𝟏 do NOT interfere until NNLP.  

<latexit sha1_base64="TZTIL4BCZPAoV2JmRIqStm3lx2Q="></latexit>

cos[(��A)�]
<latexit sha1_base64="rIWedxJ1BOv6bYRpjHWJ78zXOAo="></latexit>

sin[(��A)�]

<latexit sha1_base64="7XmU2Z0kJ7vmR0JDKFgu/GjBUbc="></latexit>

��A = �A � �0
A

p′
2ξ

p

γ∗

p′

p

2ξ

“twist-2”



Combine 𝒏 = 𝟏 and 𝒏 = 𝟐 channels

16

q Amplitude level
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NLP +	[𝒈𝒈] (high order)
NNLP: …

q Cross section level
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|MI +MII + · · · |2 = |MI|2| {z }
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II)| {z }
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|M|2LP = |MI|2 No 𝝓 modulation.  𝝀𝑨
𝜸 = +𝟏 and 𝝀𝑨

𝜸 = −𝟏 do NOT interfere until NNLP.  

NLP
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|M|2NLP = 2Re (MIM⇤
II) cos𝝓 or sin𝝓 modulation. 
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p

“twist-3”

Interference of different numbers of particles.

Unique signal of GPDs.
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Interference of 𝜸𝑻∗  and GPD moments
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1.00 + 0.15 cos�� 0.12 cos 2�� 0.01 cos 3�+ 0.01 cos 4�

• No straightforward interpretation of the coefficients.
• Need to introduce more gears in GPD extraction.

Generate 𝟏𝟎𝟔 events and reconstruct 

SDHEP fit to 
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hANLP
UU i = 0.190

[A.V. Belitsky et al., 2002]
[B. Kriesten et al., 2020, 2022]
[Y. Guo et al., 2021, 2022]
…
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single electron polarization
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Not clear how to fit…
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In the experimental setting (fixed lab frame), 

• Nucleon spin vector

• Electron spin vector
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~sN = (sT , 0,�N )
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~se = (0, 0,�e)

Subscripts: (nucleon, electron)
    U  =  Unpolarized
    L   =  Longitudinally polarized
    T   =  Transversely polarized

𝝓𝑺: of nucleon transverse spin in the “Lab” frame 
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ẑS

x̂S

ŷS
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ẑD

x̂
D

ŷD
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LP:  from 𝜸𝑻∗  squared

Control the rate (unpolarized cross section).  No 𝝓 modulation.
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NLP:  from 𝜸𝑻∗ -𝜸𝑳∗  and 𝜸𝑻∗ -[𝒒I𝒒] interference 

No contribution to the rate,

      ⟹ only to azimuthal modulations (cos𝝓, sin𝝓)
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NLP:  from 𝜸𝑻∗ -𝜸𝑳∗  and 𝜸𝑻∗ -[𝒒I𝒒] interference 
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• Linear in GPD moments
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VF = (H, E , eH, eE)T
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Mi = (Mi1,Mi2,Mi3,Mi4) (see next slide)

• Controlled by the real matrix 𝑴, same for real and 
imaginary parts of GPD moments

• 8 asymmetries  ⇔  8 (real) GPD moments
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detM 6= 0
Unique solution for GPD moments!

NLP:  from 𝜸𝑻∗ -𝜸𝑳∗  and 𝜸𝑻∗ -[𝒒I𝒒] interference 
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q Breit frame: centered around 𝜸∗ 𝒒

q SDHEP frame: centered around 𝑨∗ 𝚫

SDHEP frame

• Center around a low-virtuality state

• Clear physical picture: scale separation

• Unifies 𝜸∗ and GPD channels coherently: 𝑨∗ = 𝜸∗, 𝒒I𝒒 , …

• Clear azimuthal distributions

• Unified frame for ALL SDHEPs

• Center around a high-virtuality state

• Mixes soft and hard scales

• Inconsistent for DVCS and BH

• Complicated 𝝓	modulations
DVCS BH
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