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Step 2: Amplitude Decomposition

Step 3: Average Amplitudes based on Symmetries

P = 4 | all t values:
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• Kaon results have higher accuracy due to the heavier mass compared to the pion
• Statistical accuracy also depends on operator, with γ0 more accurate

Extracting GPDs:

Step 1: Matrix Elements (example P = 2 | q = (2,0,0))

Motivation

Lattice Parameters & Statistics

Energy Measurements

Energy Dispersion Relations for Pion (left) and Kaon (right)

• Lattice data known to have discretization errors, 
systematic errors, and uncertainties (e.g., due to the 
excited states)

• Momentum boosts adds further complexity
• The accuracy of our data is tested via the energy 

dispersion relation at the different momentum 
• Energy is calculated via this log ratio,

• 𝑡  is the insertion time, 𝑥  is the space-time position, 𝑝  is 
the momentum boost, and 𝐶+

!"#  is the two-point 
correlation function made up of the interpolating fields 
of the 𝑀  meson (𝐽+)
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Main Results
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• Wigner Distributions give complete information on 
Pion/Kaon partonic substructure (5D)

• Caveat 1: Difficult to study experimentally

• Generalized Parton Distributions (GPDs) accessed via 
exclusive interactions (e.g., DVCS, DVMP, SHDEP) 

• Give 3D structural information on the Pion/Kaon
• Caveat 2: GPDs are not well-constrained experimentally 

(e.g., see DVCS amplitude)

• Note: SHDEP gives full access to 𝑥
• Independent measurements needed
• GPD Phenomenology is  more complex than PDFs 

(1D) due to the multidimensionality of GPDs

v Essential to complement GPDs with Lattice QCD data 
(e.g., see DVCS amplitude)

v Also incorporate data into global analysis of 
experimental data (may influence parameterization)

Hadron Structure Distributions

Ongoing Steps:
v Renormalization
v Reconstruct x dependence

v 𝑯 = 𝑨𝟏  at zero skewness
v Match lattice data to the light-cone GPDs
v Explore twist-3 GPDs

• As the momentum transfer squared increases, the signal decays
• Power corrections of 𝑶(𝒕/𝑷𝟐)

q = (2,0,0) | all P values:

• 𝑨𝟑 is confirmed numerically to be zero, as expected theoretically for 
zero skewness

• Signal decays with the momentum boost increase, which is remedied by a large increase in the statistics obtained


