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How do we understand the Quark Model
in Quantum Chromodynamics?




M , =938.272046 +0.000021 MeV
M, =939.565379 +0.000021 MeV

m =23".MeV ; m, =48 MeV



Constituent Quark Model Quantum Chromodynamics
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Why Light-Front?

e Distinguished Vacuum Property
e Maximum Number of Kinematic Operators
e Distinguished Conformal Symmetry
(Work in progress @ NCSU group meetings)



Dirac’s Proposition for Relativistic Dynamics
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Instant Form Dynamics
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Feynman Diagram: Invariant under all 10 Poincare generators
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Infinite Momentum Frame (IMF) Approach
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Note that this is still in the instant form (IFD).



However, in LFD, (b) drops for any reference frame
(not just for IMF)
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Conformal Symmetry in IFD
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Conformal Symmetry in LFD
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Can IFD and LFD be linked?
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Yes, they can!

The instant form The front form

Traditional approach Innovative approach
evolved from NR dynamics for relativistic dynamics
Close contact with

Euclidean space
T-dept QFT, LQCD, IMF, etc. DIS, PDFs, DVCS, GPDs, etc.

Strictly in Minkowski space



Interpolatlon between IFD and LFD
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Large N. QCD in 1+1 dim. (‘tHooft Model)
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Short List of LFD vs. IFD References
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Interpolating Axial Gauge
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Coulomb Gauge vs. Axial Gauge

A’ =0
Link Usin g < Coulomb Gauge
Interpolating Dynamics AT =0
Interpolating Coulomb Gauge
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Apply Interpolating Light-Front Gauge
Axial Gauge A~ =0

Interpolating Axial Gauge
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Axial Gauge

Hunter Duggin, C.-R. Ji and Bailing Ma, PoS(SPIN2023)051



Fermion Propagator

Free Propagator Interacting Propagator
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Energy-Momentum Dispersion Relation
Free particle Interacting particle
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Mass Gap Equation in Scaled Variables
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Mass Gap Solutions
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Wave Function Renormalization Factors
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BOUND-STATE EQUATION
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Meson
Ground-state
Wave-function
for m=0 case
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Parton Distribution Functions (PDFs)
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Extended Wick Rotation
p’ =P’ =ip® (5=0)
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Conclusions and Outlook

Interpolating ‘t Hooft model between IFD and LFD hints a
plausible link between QCD and LFQM.

Mass gap in 1+1D LFD is entirely provided by LF ZMs.
Interpolation between IFD and LFD reveals the nature of LF ZMs
and clarifies the prevailing notion of equivalence between the
IMF approach and the LFD.

Chiral condensate, GOR and Regge trajectories identical
between IFD and LFD indicate the persistence of nontrivial
vacuum even in LFD.

LF vacuum is nontrivial due to LF ZMs.

Interpolating quasi-PDFs offers a versatile tool to remedy the
issue of LaMET approach in lattice QCD.

Interpolating gauges (Coulomb vs. Axial), conformal algebra,
3+1D extension and mass gap timelike region deserve further
investigation.
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