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                   Outline
● Motivation with 50-years QCD
● Global QCD Analysis of Hadron Structure
● Hadron Tomography in JLab and EIC
● Interpolation between IFD and LFD
● ‘tHooft model as a toy QCD-LFQM bridge 
● Hadron spectroscopy and wavefunctions
● Application to hadron physics











https://journals.aps.org/collections/50-years-QCD
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Pizza Talk, November 14, 2023

NC STATE University
Measurement of Tagged Deep Inelastic Scattering (TDIS)
              C.Keppel (Contact person)

Leading neutron production in e+p collisions at HERA
     ZEUS Collaboration, NPB 637 (2002) 3–56



















          Better Work in Forward Direction

GPD LFD





        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
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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  



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, PRD194,036004(2021) – QCD1+1

Interpolation between IFD and LFD



                    Interpolating 
  instant form dynamics     
                   and 
     light-front dynamics 

              



‘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 Equation in Scaled Variables



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)



● M.Burkardt, PRD53,933(96) 
● A.Zhitnitsky, PLB165,405(85)



Gell-Mann - Oaks - Renner Relation
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NC STATE University

Both spacelike and 
timelike form factors
can be computed 
in LFQM. 

H.-M. Choi, H.-Y. Ryu, C.-R.Ji, 
PRD96,056008(2017);
PRD99,076012(2019)









Extended Wick Rotation 



                      Conclusion and Outlook
● With the forthcoming EIC and topical collaborations in nuclear theory, 

the future of hadron physics looks bright. 
● Maximal stability group of LFD saves a lot of dynamic efforts.
● Whole landscape between IFD and LFD has been revealed in QED(3+1) 

and QCD(1+1) with interpolating spinors, gauge bosons and their 
propagators.

● In particular, QCD(1+1) in large Nc ‘tHooft model provides
initial bridge between QCD and LFQM.

● Applying the alternative quasi-PDFs of the interpolating formulation is 
recommended in the lattice QCD.

● Interpolating QCD(3+1) in Nc=3 between IFD and LFD needs to be 
explored in particular in the timelike region to study the color 
confinement. 

     


