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Conformal Transformation of Spacetime

Conformal Generators



Det = 1



Det = 1

In 1-space and 0-time (1+0) dimension,

C.Ji & H. Ravikumar, 
PRD113, 096018 (2026).











Dirac’s Proposition for Relativistic Dynamics

1949

    IFD
Instant Form Dynamics

    LFD
Light-Front Dynamics



    LFD 



C.Ji & H. Ravikumar, 
PRD113, 096018 (2026)



IFD    vs.    LFD



Energy-Momentum Dispersion Relations

    IFD
Instant Form Dynamics

    LFD
Light-Front Dynamics

Except zero-modes  

Distinguished Vacuum Property



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
C.Ji and H. Ravikumar, PRD113, 096018(2026) – Conformal Symmetry

Interpolation between IFD and LFD







 Poincaré Algebra

e.g.

One more kinematic generator appears only in the front form.
    Maximum number (7) of members in the stability group.





Orientation Entanglement of Quantum Mechanical Systems



Jacob-Wick Helicity Light-Front Helicity
D. Dayananda & C.Ji, arXiv:2603.18208v1 [hep-th];
                                     PRD113,116038(2016)
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IFD: Transverse Rotation by 

LFD: Longitudinal Boost to flip 

Jacob-Wick Helicity +1 

Light-Front Helicity +1 





IFD and LFD are the two different 
formulations with two different 
degrees of freedom quantized at the 
equal time           vs. at the equal 
light-front time                                     , 
respectively. They correspond to 
each other with the interpolating time  
                                     .



‘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



Conclusions and Outlook 
• Conformal symmetry nature of the spacetime 

physics provides distinctively different features 
between the IFD and the LFD.

• Universal orientation entanglement nature 
distinguishes the relativistic helicities between the 
IFD and the LFD, i.e. 
Jacob-Wick helicity    Light-front helicity.

• Interpolation between IFD and LFD identifies the 
critical point that bifurcates the two branches of 
helicities.  

• 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.

 



Conclusions and Outlook 
• BT construction provides the self-consistency of 

LFQM which assures the component and frame 
independence of the physical observables.

Ref: H.M.Choi’s talk today’s afternoon

• Universal entanglement nature in color dynamics 
can be investigated in the deuteron structure 
studies.

   Ref: S.Kaur’s talk Friday afternoon


