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Outline:

« Short QCD introduction

* Introduction to Light Front Dynamics

« Interpolation between instant and front forms
« Motivation behind Interpolation

« ‘t Hooft's toy meson model

 Why use the Coulomb gauge?

 Mass gap

 Mass Spectra

* An interesting application
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Quark Model in QCD

o
G@ @ Baryons

{@} / W Mesons

[1] MIT Bag Model [2] QCD Illustration
« Baryons are an Nc valence quark bound state
 Mesons are valence quark-antiquark bound states
* Running coupling constant unlike QED

Perturbative
vacuum
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Light Front Dynamics

ACI AC(

The front form The point form
X0 = ct X0 = ct+z X9=1 , ct= tcoshw
X! =x X!=x X'=® , x= tsinhwsind cosd
XP=y XP=y X’=0 ., y= tsinhosin0sing
=z 3= ct-z X'=¢ . x= tsinhwcosh
10 0 0 0 0 0 1 10 0 0
= 0-1 0 0 = 0 -1 0 0 - 0 0 0
= g = v = 2 qinh?
Suv 00 -1 0 Suv 0 0 -1 0 Spv 0 0 —*sinh’w 0
00 0 -1 L0 0 0 0 0 0  —x“sinh‘m sin“6

[3] Illustration of Dirac’s proposed coordinates
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Interpolation between Instant and Front Form

2 KX

IFD LFD
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Interpolation between Instant and Front Form

% RKK

IFD LFD
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‘t Hooft’s Meson Model

L = —lFﬂﬁFw + ¢ (iv" Dy — m) ¢

D: = 0; —19A%

1 space dimension, 1 time dimension o aﬂ Zg ,uta
Large Nc limit Fﬁu = 0, A% — &AZ + gfabcAgAcﬁ
Predicts color confinement

Coupling constant has mass dimension
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Motivation

W ~ |cos(20)  sin(26)
g™ = Ypw = 5in(20) —cos(20)

 To establish a formal link between IFD and LFD

« Simplify calculations ordinarily too difficult to solve in IFD

« Explore an alternative quasi-PDF implementable in Lattice QCD
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Why Coulomb Gauge?

*In IFD 1+1
— O
oA =0 = {
Lorentz Condition O

« Axial gauge calculations have already been done [2]
» Consistent with QED
« All degrees of freedom are physical

« No conjugate gauge field

:= Coulomb Gauge

:= Axial Gauge
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Conjugate Field
oL

9 (9 A0

M0 () = — 0 = [A°,11°] =0

« Conjugate gauge field commutes with the gauge field!

« Simplifies calculations
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Comparison of Axial and Coulomb Gauge
Lagrangian
Axial Gauge:
L= % (8;142{)2 + 1) {WJFD;L + m;f)’; — m] Y
Coulomb Gauge:

1 _ 5 A
L= (0:4%)° + 9 |iv D= +ir 0. —m| ¢
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Comparison of Axial and Coulomb Gauge

Axial Gauge:

The field equation is dependent
on the interpolating space
dimension.

The source of the potential is
explained by an effective charge
density, which acts like a
background field.

Coulomb Gauge:

The field equation is dependent
on the interpolating time
dimension.

The source of the potential is
explained by an effective current
density, which acts like a globally
changing field through time.

oA, = J¥



NC STATE UNIVERSITY

Expected Mass Gap Solution

E@) =p?2+M(>p-)

m=0.18

— 6=0 — 6=0.71

6=0.1 6=0.72

6=02 - 6=0.73

— 6=03 — 6=0.74

— 6=0.4 =0.75

~— 6=05 — 6=0.76

6=0.6 6=0.77
6=0.7

Note: This is independent of the interpolation angle
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Mass Spectra and Regge Behavior

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

00T ae- m=0.045

m=0.18
8o — A m=1.00

| —— m=2.11

« Mass increases (roughly) linearly with principal quantum number
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g," (x,P) and ¢*(x)
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Jia, Y, Liang, S., Xiong, X., & Yu, R. (2018). ARXIV.1804.04644

{7 .
--P=M; | =041
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Application: Alternative Quasi-PDFs

qo(X,r-=2 My 1)

0

X

Dependent on Interpolation angle and momentum
Does not suffer from the large momentum boost

=0.9931 *Z
4


https://doi.org/10.48550/ARXIV.1804.04644
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Conclusion and Future Work

Conclusion:

The ‘t Hooft model is interpolated between the instant form and the front form in the axial
gauge, looking to explore the Coulomb gauge

The mass gap equation is solved and plotted
The mass spectra shows Regge behavior, which we see in nature

Bound state wave functions are used to calculate alternative quasi-PDFs

Future work:

(3+1) and Nc = 3 needs to be explored
Testing the alternative quasi-PDF on the lattice

Exploring the time-like region using LFD
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