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Generalized Parton Distributions (GPDs)

Definition: (See for example Diehl, hep-ph/0307382)

GPD correlator: Graphical representation
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Motivation for GPD studies
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First Lattice QCD results of the x-dependent GPDs

Unpolarized

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

Example:
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All 
momentum transfer to source

• Perform Lattice QCD calculations of GPDs in asymmetric frames

Resolution:

Lattice QCD calculations of GPDs in asymmetric frames



8

All 
momentum transfer to source

• Perform Lattice QCD calculations of GPDs in asymmetric frames

• Lorentz covariant formalism for calculating quasi-GPDs in any frame
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Lattice QCD calculations of GPDs in asymmetric frames

Our contribution in a nutshell:
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Definitions of quasi-GPDs

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

Lattice QCD calculations of GPDs in asymmetric frames



12

Definitions of quasi-GPDs

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

Lattice QCD calculations of GPDs in asymmetric frames



13

Definitions of quasi-GPDs
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Novel parameterization of position-space matrix element: (Inspired from                          

Vector operator

Lorentz covariant formalism

Meissner, Metz, Schlegel, 2009) 

Lattice QCD calculations of GPDs in asymmetric frames

Features:

• General structure of matrix element based on constraints from Parity

• 8 linearly-independent Dirac structures

• 8 Lorentz-invariant amplitudes (or Form Factors)
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Mapping amplitudes to the historical definitions of quasi-GPDs: (Sample results)

Re-exploring historical definitions of quasi-GPDs

Lattice QCD calculations of GPDs in asymmetric frames
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Symmetric frame:

Asymmetric frame:

Mapping Form Factors to the historical definitions of quasi-GPDs:

Re-exploring historical definitions of quasi-GPDs

Lattice QCD calculations of GPDs in asymmetric frames
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Symmetric frame:

Asymmetric frame:

Mapping Form Factors to the historical definitions of quasi-GPDs:
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Lattice QCD calculations of GPDs in asymmetric frames
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Symmetric frame:

Asymmetric frame:

Novel definition of quasi-GPDs

Mapping amplitudes to the historical definitions of quasi-GPDs: (Sample results)

Lattice QCD calculations of GPDs in asymmetric frames
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Symmetric frame:
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Symmetric frame:

Asymmetric frame:

Novel definition of quasi-GPDs

Mapping amplitudes to the historical definitions of quasi-GPDs: (Sample results)

Definition

Lattice QCD calculations of GPDs in asymmetric frames
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Case 2: Transverse boost in the x-direction

Operator distance remains 
spatial (& same)

Results:

c c

c c

c c

c c

Symmetric & asymmetric frames

Related via 
Lorentz transformation?

What kind?

Lattice QCD calculations of GPDs in asymmetric frames
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Definition: (Historic)

Lattice QCD calculations of GPDs in asymmetric frames

Helicity quasi-GPDs
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Definition: (Historic)

Lattice QCD calculations of GPDs in asymmetric frames

Helicity quasi-GPDs
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Novel parameterization of position-space matrix element:

Axial-vector operator

Lorentz covariant formalism

Lattice QCD calculations of GPDs in asymmetric frames

Features:

• General structure of matrix element based on constraints from Parity

• 8 linearly-independent Dirac structures (similar to vector case)
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Mapping amplitudes to the historical definitions of quasi-GPDs:

Helicity quasi-GPDs

Lattice QCD calculations of GPDs in asymmetric frames

Features:

• Same functional form in both symmetric & asymmetric frames



30

Mapping amplitudes to the historical definitions of quasi-GPDs:

Helicity quasi-GPDs

Lattice QCD calculations of GPDs in asymmetric frames

Features:

• Same functional form in both symmetric & asymmetric frames

• Kinematical prefactor of amplitudes can be uniquely promoted 
to a Lorentz-invariant status



31

Mapping amplitudes to the historical definitions of quasi-GPDs:

Helicity quasi-GPDs

Lattice QCD calculations of GPDs in asymmetric frames

Features:

• Non-uniqueness of LI definitions for quasi-GPDs
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• To calculate       at              using above expression, one needs to    

determine the zero-skewness limit of (well-defined limit)
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• Lorentz covariant formalism for calculating quasi-GPDs in any frame

(Vector case)
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Connecting dots: Ending with what I started with

Summary

All 
momentum transfer to source

• Perform Lattice QCD calculations of GPDs in asymmetric frames

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

1) (Axial-vector case)
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Connecting dots: Ending with what I started with

Summary

All 
momentum transfer to source

• Perform Lattice QCD calculations of GPDs in asymmetric frames

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

• Demonstrated non-uniqueness of LI definitions of quasi-GPDs

2)
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