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Physical processes sensitive to GPDs

Deeply Virtual Compton Scattering

Courtesy: Hyon-Suk Jo, KPS Meeting

No access to x-dependence of GPDs

Deeply Virtual Meson Production
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Physical processes sensitive to GPDs

Deeply Virtual Compton Scattering

Courtesy: Hyon-Suk Jo, KPS Meeting

No access to x-dependence of GPDs

Deeply Virtual Meson Production

Complementarity: Lattice results can be integrated into global analysis of experimental data
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Calculating Parton Distributions in Lattice QCD
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Calculating Parton Distributions in Lattice QCD

Light-cone PDF:

Quasi PDF:

Essence of the quasi-distribution approach (Example: PDF)

References: (not exhaustive)
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Dynamical Progress of Lattice QCD calculations of PDFs/GPDs

Compilation by Cichy, 2110.07440 

Lattice QCD calculations of x-dependence of PDFs & related quantities using Euclidean correlators:
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Dynamical Progress of Lattice QCD calculations of PDFs/GPDs

Compilation by Cichy, 2110.07440 

Lattice QCD calculations of x-dependence of PDFs & related quantities using Euclidean correlators:

Ongoing efforts:
Extended Twisted Mass Collaboration, 
Jefferson Lab, 
Orsay

Morgado Chavez’s talk

Ongoing efforts:

Adelaide group

Zafeiropoulos, 
Dutrieux’s talks
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First Lattice QCD results of the x-dependent GPDs

Chen, Lin, Zhang, NPB 2019

Pion:

Cichy’s talk
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First Lattice QCD results of the x-dependent GPDs

C. Alexandrou et. al. (PRL 125 (2020) 26, 262001)

Proton:

Cichy’s talk
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First Lattice QCD results of the x-dependent GPDs

Unpolarized

Helicity

C. Alexandrou et. al. (PRL 125 (2020) 26, 262001)

C. Alexandrou et. al. (PRL 125 (2020) 26, 262001)

Cichy’s talk
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First Lattice QCD results of the x-dependent GPDs

Unpolarized

Helicity

Transversity

C. Alexandrou et. al. (2108.10789)

C. Alexandrou et. al. (PRL 125 (2020) 26, 262001)

C. Alexandrou et. al. (PRL 125 (2020) 26, 262001)

Cichy’s talk
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Definition:

First exploration of twist-3 GPDs
Cichy’s talk

Bhattacharya et al, 2306.05533
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GPD
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Resolution: All 
momentum transfer to source

GPD

Perform Lattice QCD calculations of GPDs in asymmetric frames: Cichy’s talk

GPDs from asymmetric frames

• Reduction in computational cost
• Access to broad range of     (enabling creation of high-resolution partonic maps)



24

Resolution: All 
momentum transfer to source

GPD

Major theoretical advances (Bhattacharya et al, 2209.05373, 2310.13114):

GPDs from asymmetric frames

• Lorentz covariant formalism for calculating quasi-GPDs in any frame

• Elimination of power corrections potentially allowing faster convergence to light-cone GPDs
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• Elimination of power corrections potentially allowing faster convergence to light-cone GPDs
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Symmetric & asymmetric frames

A tale of two frames
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Can we calculate a quasi-GPD in symmetric frame through an asymmetric frame?

A tale of two frames

Symmetric & asymmetric frames
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Related via 
Lorentz transformation?

What kind?

Case 1: Lorentz transformation in the z-direction

Results:

Operator distance 
develops a non-zero 
temporal component

A tale of two frames

Symmetric & asymmetric frames
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Related via 
Lorentz transformation?

What kind?

Case 2: Transverse boost in the x-direction

Results:

Operator distance remains 
spatial (& same)

A tale of two frames

Symmetric & asymmetric frames
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Related via 
Lorentz transformation?

What kind?

Can we calculate a quasi-GPD in symmetric frame through an asymmetric frame?

Transverse boost allows for an exact calculation of quasi-GPDs in symmetric frame
through matrix element of asymmetric frame

A tale of two frames

Symmetric & asymmetric frames
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A tale of two frames

Symmetric & asymmetric frames

Why does it matter in which frame quasi-GPDs are calculated?

GPDs on the light-cone can be defined in a Lorentz invariant way
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A tale of two frames

Symmetric & asymmetric frames

Why does it matter in which frame quasi-GPDs are calculated?

GPDs on the light-cone can be defined in a Lorentz invariant way

Are quasi-GPDs Lorentz invariant?
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Definitions of quasi-GPDs

A tale of two frames
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Definitions of quasi-GPDs

A tale of two frames

Definition of quasi-GPDs in symmetric frames: (Historical)

Definition of quasi-GPDs in asymmetric frames:

Lattice QCD results:

Frame dependence of quasi-GPDs



40

Definitions of quasi-GPDs

A tale of two frames

Definition of quasi-GPDs in symmetric frames: (Historical)

Definition of quasi-GPDs in asymmetric frames:
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Definitions of quasi-GPDs

A tale of two frames
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Lorentz covariant formalism

GPDs from asymmetric frames
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Novel parameterization of position-space matrix element:

Vector operator

Lorentz covariant formalism

Features:

•  8 linearly-independent Dirac structures

•  8 Lorentz-invariant (frame-independent) amplitudes 

GPDs from asymmetric frames
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Novel parameterization of position-space matrix element:

Vector operator

Lorentz covariant formalism

Features:

•  8 linearly-independent Dirac structures

•  8 Lorentz-invariant (frame-independent) amplitudes 

GPDs from asymmetric frames

Validating frame-independence of amplitudes from Lattice QCD

Cichy’s talk
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Novel parameterization of position-space matrix element:

Vector operator

Lorentz covariant formalism

Features:

•  8 linearly-independent Dirac structures

•  8 Lorentz-invariant (frame-independent) amplitudes 

GPDs from asymmetric frames

v

v
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Resolution: All 
momentum transfer to source

GPD

Major theoretical advances:

GPDs from asymmetric frames

• Lorentz covariant formalism for calculating quasi-GPDs in any frame

• Elimination of power corrections potentially allowing faster convergence to light-cone GPDs
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Relations between GPDs & amplitudes

GPDs from asymmetric frames

Quasi-GPD:

Example: Symmetric frame
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(Symmetric frame)
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GPDs from asymmetric frames

Interlude: quasi-PDFs
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Interlude: quasi-PDFs

2 amplitudes

arXiv: 1705.01488
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arXiv: 1705.01488

2 amplitudes

Hence,       is better behaved than      (power corrections)       
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GPDs from asymmetric frames

Interlude: quasi-PDFs

arXiv: 1705.01488

2 amplitudes

Hence,       is better behaved than      (power corrections)       

Statement needs a qualifier for quasi-GPDs:

Contrary to quasi-PDFs,        operator for quasi-GPDs is plagued with 
(frame-dependent) power corrections 
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Relations between GPDs & amplitudes

GPDs from asymmetric frames

Quasi-GPD:

Light-cone GPD: (Lorentz-invariant)

(Symmetric frame)
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GPDs from asymmetric frames

Lorentz-invariant definition of quasi-GPD:Light-cone GPD:

New definition of quasi-GPDs

Same functional 
forms
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GPDs from asymmetric frames

Features:

Lorentz-invariant definition of quasi-GPD:

• Lorentz-invariant definition of quasi-GPDs may converge faster

Light-cone GPD:

New definition of quasi-GPDs
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GPDs from asymmetric frames

Features:

Lorentz-invariant definition of quasi-GPD:

• Lorentz-invariant definition of quasi-GPDs may converge faster

• Caveat:  It is essential to acknowledge that the amplitudes themselves also contain implicit power 
corrections. (So, the presence of additional amplitudes could potentially mitigate the implicit 
power corrections.) Ultimately, the actual convergence of the different quasi-GPD definitions is 
determined by the underlying non-perturbative dynamics. 

Light-cone GPD:

New definition of quasi-GPDs

See Cichy’s talk
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Summary

• Tremendous recent activity in studying parton structure of hadrons in lattice QCD through 
Euclidean correlators

• Impact of approach(es) largest where experiments are difficult → GPDs
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Summary

• Tremendous recent activity in studying parton structure of hadrons in lattice QCD through 
Euclidean correlators

• Impact of approach(es) largest where experiments are difficult → GPDs

Courtesy: Cichy
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Summary

• Tremendous recent activity in studying parton structure of hadrons in lattice QCD through 
Euclidean correlators

• Impact of approach(es) largest where experiments are difficult → GPDs

Twist 2

Twist 3

Twist 2

Significant
progress!

pion

proton

proton

proton

pion
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