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QED & QCD IN COULOMB
GAUGE
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[22] N. H. Christ and T. D. Lee, “Operator ordering and feynman rules in gauge theories,”

Phys. Rev. D, vol. 22, pp. 939-958, Aug 1980.
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where, for notational clerity, we replace the coupling g in the clas-
sical Homiltonion by % , which denotes the unrenormalized coupling
constont in the quantum theory, Except for this chonge, all other no-

tations are the some as before; e.g., we have
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with i, J, k cyclic, Asin (18.48), J- is the Jacobion, [ For the non-

Abelion gouge-field theory, it is often referred to in the literoture os

the Foddeev-Popov determinant,] The evaluation of the Jacobion is

strolghtforword but somewhat tedious; the result * is thet in (18,97)

we may write

g = det VI .B' , (18.99)
where v £; stonds for the matrix whose elements are

<t |vo e .

It is important to keep the operator ordering given in the acbove
Hamiltonion. The generclization from SU2 to SUN of an arbitrary

* For details see Phys.Rev. D22, 939 (1980),

-abelian na-

ture of the theory introduces several complications. Firstly, the Faddeev-Popov determinant
is no longer field independent. In other gauge, this is usually handled by the introduction of
auxiliary ghost fields. As we shall see, being a physical gauge, there is no need to introduce
the ghost degrees of freedom in Coulomb gauge. Again, one integrates away A° and obtains
a generalized Coulomb potential in the Lagrangian. We will also discuss the Gribov problem,
which originates from the inability of the gauge condition to fix the gauge uniquely.

The Lagrangian density of QCD reads

Locp = P(id — M — gA)y — iGz (B.59)
with
[Ta, Tb] — ifabcTc

A=T*A% (B.60)
Gl = 0,AL —9,A% — g f“'”AZAf,.

The Lagrangian is invariant under the gauge transformation:

’l/) — e—iga“']"‘¢
o (B.61)
AT —5 AY A% 4 90" — gf P Al

It is useful to define the operator

DX = 8,5 — gf* AL, (B.62)

so that the gauge transformation for photon fields can be conveniently written as



INGREDIENTS OF CONFINEMENT
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HEAVY QUARK FREE ENERGY
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HEAVY QUARK FREE ENERGY
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(L) # 0

deconfined

- model in C-Gauge: IR scale




» An instantaneous potential obtained from QCD

» All degree of freedom are physical
ghost-free!

e Confining and momentum dependent
VS NJL



CONFINEMENT OF QUARKS

VS string-flip model:
M -> infinity
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DYNAMICAL MASS GENERATION




Dyson-Schwinger Equations
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Dyson-Schwinger Equations
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Dyson-Schwinger Equations
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RPA approx

P. M. Lo and E. Swanson
Phys. Rev. D 81, 034030 (2010)



Quark SDE
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Quark SDE
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Quark Suppression
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Bag Model
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SOME APPLICATIONS



ASYMPTOTIC FREEDOM



Mean fields
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e.g. V(p, q) ~ G 6_p2€_q2 separable model
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IR STRUCTURE AND CHIRAL
SYMMETRY BREAKING



CONFINEMENT MODELS AT FINITE TEMPERATURE AND ... PHYSICAL REVIEW D 81, 034030 (2010)
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FIG. 3. Gap Equations: summing polarization insertions in the truncated Schwinger-Dyson equations.
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- Gluons Should Not be Neglected! (x3)

- Explore Dense Matter EoS

- Deriving pions

- Vs Quark Meson Model (on-going! )

- Understand quark hadron duality & look more
seriously to the deconfinement transition.
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CENTER SYMMETRY AND
VACUUM STRUCTURE

Operator does not respect

confined phase: <L> =0 |
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order parameter and
fluctuations
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