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Al 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.
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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.



4 Al Overview

In Quantum Chromodynamics (QCD), the theory describing the strong force,
magnetic monopoles are theorized to play a role, particularly in the context
of quark-gluon plasma and confinement. While not directly observed as
fundamental particles, QCD monopoles are often treated as quasiparticles or
emergent phenomena within the theory, especially in extreme conditions like
high temperatures. «

In summary: While magnetic monopoles are not fundamental

particles in QCD, they are proposed as quasiparticles or

emergent phenomena that play a significant role in phenomena

like quark confinement, quark-gluon plasma properties, and jet

quenching in heavy-ion collisions. Research from Stony Brook

University shows that studies of monopoles in lattice QCD and

heavy-ion experiments have provided insights into their behavior

and influence on QCD. =
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Large N. QCD in 1+1 dim. (‘tHooft Model)
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Dirac’s Proposition for Relativistic Dynamics
A
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How many generators leave the time
surface invariant?

IFD LFD (maximum)

Instant Form Dynamics Light-Front Dynamics



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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Interpolating Axial Gauge
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Fermion Propagator

Free Propagator Interacting Propagator
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Energy-Momentum Dispersion Relation
Free particle Interacting particle
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Mass Gap Solutions
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BOUND-STATE EQUATION
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Meson Spectroscopy
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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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Y. Jia, et al., PRD98, 054011(‘18)
- IFD (quasi-PDFs)
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Bakamjian-Thomas Construction
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Bakamjian-Thomas Construction in LFD
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Light-Front Quark Model(LFQM)
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Two-point, Three-point and Four-point functions
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’“’%A/“‘ :\’”%A M.Diehl, EPJA 52, 149 (2016)
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Electromagnetic Form Factor
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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.
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