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Two Lectures (15t Day)

* Light-Front QCD in Hadron Physic |

a) Introduction of QCD
b) Color Confinement and Chiral Symmetry
c) Dirac’s Proposition for Relativistic Dynamics

* Light-Front QCD in Hadron Physic |

a) Distinguished Features of Light-Front Dynamics
b) Large N QCD in 1+1 dim. (‘tHooft Model)

c) Application to |

adron Phenomenology
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Quantum Electrodynamics (QED)
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The invariance under local gauge transformation leads to the current conservation.
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Quantum Chromodynamics (QCD)
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Standard Model
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Evidences of N.=3
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A+ (Q,) statistic problem: [4”)=— e, u, 1,1
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indicates fractional charges and N =3
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3 generations of u/d-type quark
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Quantum Chromodynamics — SU(3) Theory

Lagrangian is constructed with quark wave functions Y=y C

y(x)-yw'(x)=U(x)p(x)=e W (x)

with any unitary (3 x 3) matrix U(x).

U(x) can be given by a linear combination of
8 Gell-Mann matrices A ... A, [SU(3) group generators]

requires interaction fields — 8 gluons corresponding to these matrices



Coupling strength

QED

4 Coupling strength:
QCD 1

Color factor






Homework: Compute the color factors between the
two quarks and verify that the same colors repel
and different colors attract each other.

Hint: Gell-Mann matrices in SU(3)
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where a; 1s the QCD running coupling constant and f1s given by

1 (04 o
J = Z(CsT)" cl)(C4T)‘“ C,)-

red(r)=|0|, blue(b)=|1 |and green(g)=1|0




color factor between two red quarks going into two red quarks
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(color singlet) (attractive force)

1 a hc

(color octet) (repulsive force).

6 r

Same colors repel and
different colors attract
each other.



QED Gauge Invariance
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Current Conservation
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Triple and quadruple gluon Vertex Gluons carry color charges:
important feature of SU(3)
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QED: Running coupling constant

QCD Strong coupling constant a,
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PRL 119, 102001 (2017)

PHYSICAL REVIEW LETTERS
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QCD Coupling from a Nonperturbative Determination of the Three-Flavor A Parameter

Mattia Bruno,l Mattia Dalla Brida,2 Patrick Fritzsch,3 Tomasz Korzec,4 Alberto Ramos,3 Stefan Schaefelr,5

Hubert Sirnma,5 Stefan Sint,6

(ALPHA Collaboration)

and Rainer Sommer™
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Meissner Effect of Superconductor




High Temperature

Superconductor:
Above Critical Temp.

Superconductor:

Below Cntical Temp.
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Confinement and

Vacuum Condensation are
intimately associated wit
each other.

Vacuum Condensation
Indicates that

the vacuum symmetry is
Broken due to

the condensation.
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Chiral Symmetry in QCD




Consistency with Relativistic Dynamics

Helicity is invariant for m=(
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Helicity = Chirality

for m=0

Chiral Symmetry Breaking due to
dynamical mass generation



Quantum Chromodynamics (QCD)
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1Jj=1
Local SU(3). Gauge Theory

interrelated with

Global Symmetry

Isospin symmetry

Chiral symmetry

SU(Q)RXSU(Q)L
Spontaneous symmetry breakdown

Goldstone Bosons

F2MZ = —(m, + mg) (0]u [0
Effective field theory



How do we understand the Quark Model
in Quantum Chromodynamics?
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M, =938.272046 +0.000021 MeV
M, =939.565379 +0.000021 MeV

m =23 MeV ; m, =48] MeV



Dirac’s Proposition for Relativistic Dynamics
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Pl P3

P4 Four-momentum conservation but off-mass-shell

Feynman Diagram: Invariant under all 10 Poincaré generators

t-> (time evolution; time ordered process in QFT; Energy is not conserved within Af)

(AE)(At) ~ 1 Three-momentum conservation but on-mass-shell
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Individual Time-Ordered Diagrams: Invariant only under
translation and rotation (6 kinematic 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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