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Internal structure of a hadron – break or not

Break it: transverse momentum dependent functions
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SIDIS

Keep it, but gently: elastic Form Factors. 

Shower makes the 
measured 𝑘் is not the 
confined one: 

Structural information 
diluted

Hit hard, but keep intact: generalized parton distributions

DVCS GPD
𝑃 = 𝑝 + 𝑝ᇱ /2

Δ = 𝑝 − 𝑝ᇱ

𝑡 = Δଶ



Generalized Parton Distributions (GPDs)

Definitions:

 Combines PDFs (𝑝 = 𝑝ᇱ) and the Form Factors (z = 0)
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However, GPDs depend on the choice of
 Unlike PDFs 𝑝 = 𝑝ᇱ has a unique and natural lightlike vector 𝑛 to pick up its largest “+” 

component

 Naïve choice: choose 𝑛 along momentum transfer Δ ? No! 𝛥ଶ = 𝑡 < 0

Is there an “ideal” choice of to extract GPDs?



Processes to extract GPDs

One of the easiest: DVCS
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Compare with DIS

Amplitude level Cross section level

 Its crossing: Timelike Comptom Scattering (TCS)

• More than a supplementary process to DVCS: 
universality test, new linear polarization 
handle,…

• First measurement: 



Two subprocess in one real physical process

The real physical process involving TCS to extract GPDs: 
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Two underlying subprocesses: 

Elastic Form Factors GPD information

• Bethe-Heitler (BH) dominates over TCS, 
usually treated as pure background 
access GPDs via BH-TCS interference:



Two-staged picture from the two-scale nature

Two scale nature of the problem

 Soft:

 Hard:

Two-stage picture of the physical process

 Single diffractive: 

 Hard Collision: 
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Elastic Form Factors GPD information



Power and channel expansion based on the two-stage
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Properties of ∗

 Has a typical lifetime of 1/ -t≫1/𝑄→ long-

lived quasi state, has a physical helicity

 𝐴∗ contains all the information about GPDs

Power and channel expansion

 A natural power expansion in powers of 

-t/Q

 A expansion of different twist of GPDs

 An expansion that treats BH and TCS 

equally



An optimal frame to utilize the power expansion

An ideal choice of : along the incoming photon beam direction ଶ

 Advantages:

• Photon beam itself automatically is lightlike

• Beam is controllable

 This choice use two degree of freedom (DOF) of the Lorentz transformation

An optimal choice of the axis: transverse boost (TB) to decide the 

 Let Δ் = 0 in this frame via TB

 TB does not change the direction of 𝑛, and thus the definition of 𝜉 and GPDs.

 Moreover, the angular momentum along the z-axis for 𝐴∗ Δ + 𝛾 𝑝ଶ reaction allows we 

factorize the helicity amplitude as

Yangli Zeng | MENU 2026 8



An optimal frame to utilize the power expansion

An optimal choice of the axis: transverse boost (TB) to decide the 

 Let Δ் = 0 in this frame via TB

 TB does not change the direction of 𝑛, and thus the definition of 𝜉 and GPDs.

 Moreover, the angular momentum along the z-axis for 𝐴∗ Δ + 𝛾 𝑝ଶ reaction allows we 

factorize the helicity amplitude as

• This allows a finite angular modulations series, which greatly simplify the extraction 

of GPDs.

• This use two DOF of the Lorentz transformation.
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An optimal frame to utilize the power expansion

Longitudinal boost along to reach the ∗ c.m. frame to make the dependence 

simplest without changing others

Finally, rotate around to put in the diffractive plane to set reference for initial spin 

direction.
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An optimal frame to utilize the power expansion
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Every NLP term is a pure harmonic integrated rate depends only on ଵ ଶ

dynamics are disentangled from the kinematics

DVCS has 8 coefficients (8 DOF of GPDs), TCS here could have 12 due to linear 

polarization



Observables on an unpolarized targe

First experimental paper proposed:
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Same events, two azimuthus: only keeps the shape
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Built-in null tests
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Linear polarization: and a “magic” angle
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Summary and outlook
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Thank you for your attention!
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Backup slides



Appendix A: frame map
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Backup: CFF map
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Backup: the conventional results
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Backup: validation against the conventional formulas
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Backup : plots 
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Backup: the 12 NLP coefficients (I): U and L target
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Backup: the 12 NLP coefficients (II): T target, TU and TL_1
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Backup: the 12 NLP coefficients (III): T target, TL_2 and TT
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Backup: model inputs and kinematics
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Backup: LO hard amplitudes in SDHEP frame
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