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Energy-Momentum Dispersion Relations

Dirac’s Proposition for Relativistic Dynamics
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    IFD
Instant Form Dynamics

    LFD
Light-Front Dynamics

Except zero-modes  
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Feynman Diagram: Invariant under all 10 Poincaré generators 
Four-momentum conservation but off-mass-shell

Individual Time-Ordered Diagrams: Invariant only under 
            translation and rotation (6 kinematic generators) 

Three-momentum conservation but on-mass-shell
t→ (time evolution; time ordered process in QFT; Energy is not conserved within      ) 



: Three-momentum    
     conservation 

: q2 =m2 ; on -mass-shell



S.Weinberg, PR158,1638(1967)
“Dynamics at Infinite Momentum”

Infinite Momentum Frame (IMF) Approach 

Note that this is still in the instant form (IFD). 



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

τ (= t+z/c) →



  Relativistic Quantum Invariance

Can IFD and LFD be linked?



K. Hornbostel, PRD45, 3781 (1992) – RQFT
C.Ji and S.Rey, PRD53,5815(1996) – Chiral Anomaly
C.Ji and C. Mitchell, PRD64,085013 (2001) – Poincare Algebra
C.Ji and A. Suzuki, PRD87,065015 (2013) – Scattering Amps
C.Ji, Z. Li and A. Suzuki, PRD91, 065020 (2015) – EM Gauges 
Z.Li, M. An and C.Ji, PRD92, 105014 (2015) – Spinors
C.Ji, Z.Li, B.Ma and A.Suzuki, PRD98, 036017(2018) – QED
B.Ma and C.Ji, PRD104, 036004(2021) – QCD1+1

Interpolation between IFD and LFD



Lecture Notes in Physics 
(LNP, Vol. 1012), Springer 
Nature (2023).               

Interpolation between 
     IFD     and    LFD

















‘tHooft Coupling massand



Interpolating Axial Gauge

Mass Gap Equation



Fermion Propagator
Free Propagator Interacting Propagator 

“Wave function renormalization factor”

“Renormalized fermion mass function”



Energy-Momentum Dispersion Relation
Free particle

Interpolation

Interacting particle

vs.



Mass Gap Solutions







Meson Spectroscopy

● G.‘tHooft, 
NPB75,
461(74) 
- LFD

● M.Li, et al., 
JPG13, 915(87) 
- IFD
(rest frame)

● Y. Jia, et al., 
JHEP11, 
151(‘17) 
- IFD
(moving frame)



Gell-Mann - Oaks - Renner Relation



Meson 
Ground-state
Wave-function
for m=0 case





Y. Jia, et al., PRD98, 054011(‘18) 
- IFD (quasi-PDFs)

B.Ma&C.Ji,PRD104,036004(‘21)
- Interpolating Dynamics













Nonlocal chiral contributions to GPDs of the proton at nonzero skewness:         
                     arXiv:2406.03412v1 [hep-ph]; PRD110, 054049 (2024)
Z. Gao, F. He, C.-R. Ji, W. Melnitchouk, Y. Salamu, and P. Wang



● Nonlocal generalization of the effective Lagrangian provides 
systematic finite range regularization

● Nonzero skewness provides testing ground for the theory via 
polynomiality condition

● Extension to gravitational form factors, A, B and D=4C



Conclusions and Outlook

● Dirac’s proposed LFD provides distinguished features useful 
for effective quantum computations of hadronic amplitudes.

● QED(3+1) and QCD(1+1) at large Nc have been interpolated 
between IFD and LFD providing useful hadron physics 
information based on Relativistic Quantum Invariance.

● Link between QCD and LFQM may be feasible as exemplified 
by the mass gap solution in the ‘t Hooft model interpolation 
between IFD and LFD.

● Meson structure studies of LFQM provide useful tools to 
study the nucleon structures via the convolution with the 
splitting functions computed by the chiral effective theory.


