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          Better Work in Forward Direction

GPD LFD



Outline 
• Rationale for the Light-Front Dynamics in Hadron Physics

 Dirac’s Proposition for Relativistic Dynamics
 Instant Form Dynamics(IFD) vs. Light-Front Dynamics(LFD) 
• Benchmarking GPD Applicability in Forward Direction 
• GPD Sum Rule and Valence/Nonvalence Decomposition
• Conclusion and Outlook
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Energy-Momentum Dispersion Relations

Dirac’s Proposition for Relativistic Dynamics

1949

    IFD
Instant Form Dynamics

    LFD
Light-Front Dynamics

Except zero-modes  





  However, in LFD, (b) drops for any reference frame 
(not just for IMF) 

τ (= t+z/c) →

Except zero-mode

Invariant under 7 
kinematic generators 
including the 
longitudinal boost.







Salient Features of Meson Leptoproduction 
• No interference with the Bethe-Heitler process
• Consistency between our benchmark BSA prediction 

for 0-+ meson production off the scalar target with the 
data of the exclusive coherent electroproduction of the 
π0 off 4He measured at JLab Hall B 

C.Ji, H.-M.Choi, A.Lundeen, B.Bakker, PRD99,116008(2019)

• General formulation of hadronic amplitudes 
    in Meson Production off the Scalar Target (0++ vs. 0-+) 
• Comparison/Contrast with the leading twist GPD 

formulation.











        Scalar Field Model Simulation of VMP in Forward Direction 

Two more amplitudes for the charged target, but not for the neutral target



Light-Front Time-Ordered Amplitudes



Compton Form Factor 
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DVMP Reduction to GPD in S-channel with + Current
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DVMP Reduction to GPD in U-channel with + Current
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DVMP Reduction to GPD with - Current works as well.
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Gauge Invariance 
works asymptotically:
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Decomposition of the Form Factor

Note here that 
           while              in DVMP.



Conclusion and Outlook
● The advantage of LFD is maximized in 1+1D. 
● GPD formulation is most applicable in the forward direction.
● LFD application in 1+1D provides a good benchmark analysis of the 

GPD application.
● Unless small          , “Cat’s ears” contribution should not be neglected.
● Sum rule correspondence between DGLAP/ERBL GPDs and 

Valence/Nonvalence contributions to the form factor works only for a 
certain current component.

● Form factor decomposition depends on the current component 
although the form factor itself is independent of the choice of the 
current component.(Democracy in current components)

● Application to the energy-momentum tensor decomposition appears 
feasible.
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Conclusion and Outlook
● 3+1 D extension with BSA investigation is 

underway.   
● Interpolation between IFD and LFD of 1+1D 

QCD was successful and 3+1D QCD extension 
looks also feasible.
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