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                                     Outline
● Review of Tasks 

- Patrick: Global QCD Analysis of Pion PDF

- Bailing: Interpolating ‘tHooft Model

- Andrew: Virtual Meson Production in 3+1 Dimensions 

- Deepasika: Quantum Correlation in Light-Front Zero-Modes

- Hari: Conformal Poincare Symmetry  

● Plan for 2022

        - Big Picture

        - Where are we?

        - What can we contribute best?  

        - Works to do













Mass Gap Solutions





























Stability of Nuclear Matter

● Relativity is crucial for the stabilization of nuclear matter.
● Point nucleon in QHD yields so large incompressibility.
● Proton has quarks and gluons inside. 
● Quantum Chromodynamics (QCD) governs them.





The Elementary Particles

Higgs!

CERN, 
July 4, 2012



Nucleon is not a point-like particle.
It is made out of “partons”.

● valence quarks
● sea quarks
● gluons

How can we recover basic properties of 
nucleon from those of its constituents?

● mass 
● charge density/radius
● spin contents













Mechanical Properties of Hadrons





         EIC CD-1 is Approved 

               June 25, 2021
Developing predictions 
for tests at the new and
upgraded hadron 
experimental facilities 

              JLAB,
    
               LHC, 
   
            J-PARC, 
   
            GSI-FAIR. 



How do we understand the Quark Model in 
Quantum Chromodynamics as we do the 
Atomic Model in Quantum Electrodynamics? 







How about the physics in the timelike region?
● Mass of electron vs. quark in the timelike region?
● Euclidean vs. Minkowski spaces?
● Spacelike vs. Timelike regions?
● Free vs. Confined particles?
● Mass gap equation in timelike region?



Fermion Propagator
Free Propagator Interacting Propagator 

“Wave function renormalization factor”

“Renormalized fermion mass function”



1949

DIS, PDFs, DVCS, GPDs, etc.

Traditional approach
evolved from NR dynamics

Innovative approach
for relativistic dynamics 

Close contact with 
Euclidean space

Strictly in Minkowski space

T-dept QFT, LQCD, IMF, etc.

     IFD
Instant Form Dynamics

   LFD
Light-Front Dynamics



1949

     IFD
Instant Form Dynamics

   LFD
Light-Front Dynamics

Can IFD and LFD be linked?
                  K. Hornbostel, PRD45,3781(1992) 
       “Nontrivial vacua from equal time to the light cone”
                                    …..

C.Ji, Z.Li,B.Ma & A.Suzuki, PRD98,036017(2018) “Interpolating 
quantum electrodynamics between instant and front forms”

B.Ma & C.Ji, PRD103,036004(2021) “Interpolating ‘tHooft model 
between instant and front forms” 



Extended Wick Rotation 



Works to do

● Impact study of global QCD analyses in EIC and JLab-TDIS
● VMP in 3+1 D for the feasibility study of GPDs
● Timelike transition form factor in ‘tHooft model
● Quantum correlation of LF zero-modes
● Study of interpolation utility in solving dynamics
● Interpolating conformal symmetry 


