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DVCS and GPDs

1

q Generalized parton distribution (GPD)

q Deeply virtual Compton scattering (DVCS)

GPD moments

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



How to separate the GPD moments in DVCS?
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q Azimuthal dependence in the Breit frame?
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Breit frame observables: 
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DVCS

[A.V. Belitsky et al., 2002]
[B. Kriesten et al., 2020, 2022]
[Y. Guo et al., 2021, 2022]
…
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q DVCS is not a physical process
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q Breit frame is NOT convenient for describing BH 

• The virtual photon 𝜸∗ 𝒒  does not exist
• The 𝒛 axis is purely kinematical
• 𝝓 dependence in the denominators
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BH contaminates the azimuthal distribution ⟹ makes GPD extraction harder!

<latexit sha1_base64="za9mthksWHqH2hsyixx+7y0SVWI="></latexit>

� = p0 � p



A better way to think about DVCS
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q Single diffractive hard exclusive process (SDHEP) [Qiu & Yu, PRD 107 (2023) 014007]
[arxiv: 2409.06882 and paper in preparation]

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

Two scales:
• Hard 𝒒𝑻
• Soft 𝒕

Quasi-real state

DVCS in lab frame
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Channel expansion and power counting
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Channel expansion and power counting

[gg]

(x+ ξ)P

(x− ξ)P

N(p′)

N(p) e(p2)

e(q1)

γ(q2)

HF

[ggg]

N(p′)

N(p) e(p2)

e(q1)

γ(q2)

F H

[qq̄]

e(p2)

(x+ ξ)P

(x− ξ)P

e(q1)

γ(q2)
N(p′)

N(p)
F H

[qq̄g]

e(p2)

e(q1)

γ(q2)
N(p′)

N(p)
F H

e(p2)

A∗(∆)

e(q1)

γ(q2)

HF

N(p′)

N(p)

γ∗

e(p2)

∆

e(q1)

γ(q2)

HF

N(p′)

N(p)
= + +

++

+⋯

𝒏 = 𝟐

𝒏 = 𝟑

𝒏 = 𝟏

(𝒏 > 𝟑)

<latexit sha1_base64="3EPrKwVcXluWfn5F+vkxwa5B3cg="></latexit>

� = p1 = p� p0

BH DVCS

BH and DVCS are treated on the same ground!



7

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
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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, …

= +
[qq̄]

e(p2)

(x+ ξ)P

(x− ξ)P

e(q1)

γ(q2)
N(p′)

N(p)
F H

N(p′)

N(p)
F

γ(q2)

e(p2)
e(q1)

q

e(p2)
e(q1)

γ(q2)N(p′)

N(p)
F

<latexit sha1_base64="Fz2ct7iYgAbdGkY4vuZvi334uoE="></latexit>

M[2] '
X

q

Z 1

�1
dx

⇥
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Combine 𝒏 = 𝟏 and 𝒏 = 𝟐 channels
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q Amplitude level
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Cross section within NLP
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Cross section within NLP
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In the experimental setting (fixed lab frame), 

• Nucleon spin vector

• Electron spin vector
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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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� �
LP:  from 𝜸𝑻∗  squared

Control the rate (unpolarized cross section).  No 𝝓 modulation.
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Quadratic in (𝑭𝟏, 𝑭𝟐)
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NLP:  from 𝜸𝑻∗ -𝜸𝑳∗  and 𝜸𝑻∗ -[𝒒@𝒒] interference 

No contribution to the rate,

      ⟹ only to azimuthal modulations (cos𝝓, sin𝝓)
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NLP:  from 𝜸𝑻∗ -𝜸𝑳∗  and 𝜸𝑻∗ -[𝒒@𝒒] interference 
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• Linear in GPD moments
<latexit sha1_base64="8yAyN4slA8EvXr4xS4ibz653kTI="></latexit>

VF = (H, E , eH, eE)T

<latexit sha1_base64="I5w4GYB1BnC1YSof3d0tgiVfFp4="></latexit>

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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M1
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M ·
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V̂1

V̂2

V̂3

V̂4

3

775
Reconstructed from experiments 

(complex valued)
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detM 6= 0
Unique solution for GPD moments!

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

q SDHEP frame: centered around 𝑨∗ 𝚫

SDHEP frame

• Clear physical picture: scale separation

• 𝑨∗ = 𝜸∗, 𝒒@𝒒 , 𝒈𝒈 , 𝒒@𝒒𝒈 , 𝒈𝒈𝒈 , …

• Generalizable to high orders and twists

• Clear azimuthal distribution

Inconsistent treatments 
for DVCS and BH

Makes their interference 
calculation difficult�(q0)
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q Diffractive subprocess

<latexit sha1_base64="tLcPULimzxzkL9DWwF/YyhBfr9A="></latexit>

t = �2, ⇠ =
(p� p0) · n
(p+ p0) · n, �S

Kinematic variables: 
<latexit sha1_base64="tQiCUtjFZSXKjSu+pIqB0SyNeAc="></latexit>

n = (1, 0, 0,�1)/
p
2

q Hard scattering

<latexit sha1_base64="VHmQadEdSBvYs+rhAAdpqv7dhuQ="></latexit>

ŝ ' 2⇠s/(1 + ⇠)determine of the hard scattering

(𝑵𝒆) c.m. frame
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:  varying coordinate system
<latexit sha1_base64="/lI6hmKYy6o86M2CBGyOZWGuQDQ="></latexit>

x̂D–ŷD–ẑD

<latexit sha1_base64="iMzRYM4YVPnXaa7AzKsIF95xW9M="></latexit>

N(p) ! N(p0) +A⇤(� = p� p0)

<latexit sha1_base64="3cVPwNrBAwbdLpQa4QdtzOAXE+A="></latexit>

A⇤(�) + e(p2) ! e(q1) + �(q2)

Trade azimuthal angle of the diffraction for 𝝓𝑺  (Jacobian	= 𝟏) 

Describe in diffractive frame: (varying event by event)
<latexit sha1_base64="v9v029slT3pYrgb7d+bG9UyoSKk="></latexit>

x̂D k ~�T
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t = �2, ⇠ =
(p� p0) · n
(p+ p0) · n, �S

Kinematic variables: 
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n = (1, 0, 0,�1)/
p
2
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ŝ ' 2⇠s/(1 + ⇠)determine of the hard scattering

Describe in SDHEP frame --- (𝑨∗𝒆) c.m. frame: 

Kinematic variables: 
<latexit sha1_base64="N3NPJDOTv853iLVPI9NH93a8dSE="></latexit>
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d�

dt d⇠ d�S d cos ✓ d�
:  SDHEP frame coordinate system

q Diffractive subprocess
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N(p) ! N(p0) +A⇤(� = p� p0)

q Hard scattering
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x̂S–ŷS–ẑS
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ẑS k ~�

Trade azimuthal angle of the diffraction for 𝝓𝑺  (Jacobian	= 𝟏) 

Describe in diffractive frame: (varying event by event)
<latexit sha1_base64="v9v029slT3pYrgb7d+bG9UyoSKk="></latexit>

x̂D k ~�T
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𝜆+ = ±1/2 can interfere to give
<latexit sha1_base64="O4BiFJfb/hhMOJlgpFxOfHaAKXM="></latexit>

cos�S , sin�S

transverse spin 𝒔𝑻 ≠ 𝟎 
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FN!NA⇤(t, ⇠,�S) / e�i�N�S

q 𝝓𝑺 in diffraction
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N(p) ! N(p0) +A⇤(� = p� p0)

q 𝝓 in hard scattering
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ŷS

�

FN

HA
⇤

�T
e

N
Di↵ractive frame

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

𝜆+ = ±1/2 can interfere to give
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transverse spin 𝒔𝑻 ≠ 𝟎 
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q 𝝓𝑺 in diffraction
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q 𝝓 in hard scattering
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) = (0, 0, 0)eλ, Nλ, T = 12 GeV.  (seE
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unpolarized

(normalized)

Generate 𝟏𝟎𝟔 events and reconstruct 
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(a) Reconstructed azimuth
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2 0.2 GeV≤ t
 1 GeV≥ TqSDHEPφ = φ

BREITφ = φ

unpolarized

(normalized)

Breit fit to 
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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 
<latexit sha1_base64="WDz06wK4Lji/nrlNT8JEasRY9aE="></latexit>

1.00 + 0.190 cos�
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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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(b) Reconstructed azimuth
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2 0.2 GeV≤ t
 1 GeV≥ TqSDHEPφ = φ

BREITφ = φ

single electron polarization
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hANLP
UU i = 0.19

hANLP
UL i = 0.51

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

q Cross section level
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|M|2LP = |MI|2 No 𝝓 modulation.  𝝀𝑨
𝜸 = +𝟏 and 𝝀𝑨

𝜸 = −𝟏 do NOT interfere until NNLP.  
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“twist-3”: LO

Interference of different numbers of particles.

Unique feature to QFT, beyond non-rel. QM!
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q Cross section level
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q Amplitude level
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q Cross section level
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No 𝝓 modulation.

NLO due to 𝑭𝑻
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q Amplitude level
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q Cross section level
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DVCS-square term belongs to NNLP and shall be considered together with twist-3 GPD! 


