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AI overviews of QCD
Quantum Chromodynamics (QCD) is interesting because it 
describes the strong nuclear force, one of the fundamental forces 
of nature and explains how quarks and gluons interact to form 
hadrons like protons and neutrons. Its study reveals the inner 
workings of matter and the forces that govern the universe at its 
most basic level. 

Key Words:
Strong Interaction, Quarks and gluons, Color Confinement, 
Asymptotic Freedom, Analog to Quantum Electrodynamics, 
Chiral symmetry breaking, Quark-gluon plasma, ... 
Some studies have linked confinement and chiral symmetry breaking to 
QCD monopoles which are topological objects that can emerge in certain 
gauge conditions. These monopoles may play a role in both confinement 
and chiral symmetry breaking. 
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‘tHooft Coupling massand



● G.‘tHooft, NPB75,461(74) - LFD
● Y.Frishman, et al., PRD15(75) - Interpol Gauges IFD&LFD
● I.Bars&M.Green, PRD17,537(78) - IFD(formulation)
● A.Zhitnitsky, PLB165,405(85) - LFD(chiral sym breaking)
● M.Li, et al., JPG13, 915(87) - IFD(rest frame)
● K.Hornbostel, Ph.D. Dissertation(88) - LFD(DLCQ)
● M.Burkardt, PRD53,933(96) - LFD(vacuum condensates)
● Y.Kalashnikov&A.Nefed’ev,Phys.-Usp.45,346(‘02) - IFD(rev)
● Y. Jia, et al., JHEP11, 151(‘17) - IFD(moving frame)
● Y. Jia, et al., PRD98, 054011(‘18) - IFD(quasi-PDFs) 
● B.Ma&C.Ji, PRD104,036004(‘21) - Link IFD&LFD

Short List of LFD vs. IFD References



Energy-Momentum Dispersion Relations

Dirac’s Proposition for Relativistic Dynamics

1949

    IFD
Instant Form Dynamics

    LFD
Light-Front Dynamics

Except zero-modes  



    LFD
Light-Front Dynamics

    IFD
Instant Form Dynamics



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.

Can IFD and LFD be linked?

Yes, they can!



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



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



Bakamjian-Thomas Construction
B.Bakamjian and L.H.Thomas, Phys.Rev.92,1300(1953)

B.Keister and W.Polyzou, Adv.Nucl.Phys.20,225(1991)

, = 0



Bakamjian-Thomas Construction in LFD



Interaction independent 
Melosh transformation

HMC and CRJ, PRD110, 014006(2024)



Two-point, Three-point and Four-point functions



M.Diehl, EPJA 52, 149 (2016) 



Electromagnetic Form Factor

See the link between the covariant field theory and the LFQM 
in HMC and CRJ, PRD110, 014006(2024).



Conclusions and Outlook

● 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.

● LF ZMs appear essential in understanding the constituent 
mass in LFQM.

● BT construction provides the self-consistency of LFQM which 
assures the component and frame independence of the 
physical observables.

● Looking forward to studying monopoles in QCD with the 
interpolation between IFD and LFD. 



Extended Wick Rotation 




