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Charge!

Consider (continuum) Yang—Mills theory:

|

7 = /DCI)eXp 1Sy}, Sym = 5/0!:1; [Ez — Bz]

In terms of spatial@) and temporal 4,) gauge fields.
Importantly, £ is linear in Ay.
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Charge!

To fix to Coulomb gaugeﬁ-%f = 0, use Faddeev—Popov:
| — /1995 (ﬁ-ffa) Det [—ﬁ-ﬁ} .

Since—V - D only involves spatial operators, we still have
spatially independent (time-dependent) gauge transfamds
there are temporal zero-modes (not to mention the usuabrib
copies)!

Replace Det in the identity witlDet, the determinant with the

zero-modes removed.
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Charge!

Now we convert to first order formalism by introducing an
auxiliary field:

exp{%/EQ} —>/D7T€Xp{%/(7f2—27?-E_))},

then split7 into transverseY - #1* = 0) and longitudinal ¥ ¢)
parts. The action is linear I8 (~ Ag) S0 integrate out to leave a
o-functional constraintGauld’ law):

7 = /ch& (ﬁ-ﬁa) 5 (ﬁﬁm) D—et[—ﬁ-ﬁ} «
) (ﬁ-ﬁabgbb + gﬁa) exp {158’}

p* = fabe Ab . 7Le _, color charge. Now fop . . .
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Charge!

Integratingy, and noting the temporal zero modes
o _ 5 11
0 (V-Dabqﬁb +gﬁa> — 0 (/ da?ﬁ“) Det [—V-D} d(p+...)

gives us then

7= / DbS (ﬁ-ﬁa) 5 (ﬁﬁla) 5 ( / da?ﬁ“) exp {18}

with the final effective action
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No charge!

Thanks to Gaul’’ law, our system has the following properties

* two (physical) transverse degrees of freedo@nf(i) with
a conserved and vanishing total chargel¢s = 0)

* ghosts and temporal zero modes have gone away and there
are no energy divergences
— the zero modes of the Faddeev—Popov operator are an
expression of the Gribov problem. The temporal zero
modes give rise to the total charge, what about the spatial
zero modes (genuine Gribov copies)?

* the gauge is temporally fixed

However, this is formal and non-local. . .
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Slavnov—Taylor identities

To solve Dyson—Schwinger equations, we need a truncation
scheme for vertices. This is done via Slavnov—Taylor idesti

Go back to the original (local) action and fix to Coulomb gauge
V-A = 0...Ghost term looks like

Srp = /d:z: {—Eaﬁ-ﬁabcb}

Because-V-D only involves spatial operators, we have
Invariance under a Gaul3-BRST transform tihae-dependent
BRS transform (N.B8 — 6(t, ¥)):

9; - Cg(s)\t.

D. Zwanziger, Nucl. Phys. B518 (1998) 237.
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STids: 2-point

After some work, for the 2-point proper functions...

, k; , i,
koLoo(ko, k) = ZEFOAi(k(% k)z(q0 + ko, k)
, k; i, i,

kol ok (ko, k) = ZﬁrAAki(ko,k)cm(Qo+/fo,k)

* analogue of Landau gauge transversality
* gluon polarization is not transverse (even at tree-level)
* Inverse ghost propagator independent of energy

* Ay-leg Green’s functions known in terms of others
— (local) elimination ofA,-field (Gauld’ law)!

Coulomb gauge and DSes — p.9/14



STids: n-point
After lots more work, for the 3 & 4-point proper functions...

e STids form closed sets from whichy-leg Green’s
functions known in terms of others
— (local) elimination ofA,-field (Gauld’ law)!

* = |tis possible that the Gaul3-BRST charge can be
identified with the physical charge, a la Kugo—Ojima
(unlike, as it appears, in Landau gauge)

* ¢>Wy is RG invariant

K. -l. Kondo, arXiv:0907.3249...
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Ghost DSe

* tree-level vertex
* lattice gluon inputf{: ~ 2\/0 ~ 0.88GeV):
1 P
(p5 — %) \/p* + m?

* no gluon anomalous dimensioi 4 4(0) = 1/m? finite!

Waa(p) ~

* regularize by subtracting at = 0 = I'z.(0) is an
Independent input.

G. Burgio, M. Quandt, H. Reinhardt, PRL 102, 032
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Ghost DSe
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Infrared powerlaw folz.(0) = 0

FEc(ﬁQ — O) ~
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Ghost DSe

* DSes are (functional) differential equations
— more than one solution is possible with differ&gt(0)

* |R finite gluon can still give divergent ghost dressing
(unlike Landau gauge)

* For the powerlaw solution

1 o
92W00 ~ ~ — ?

ol

pPI20 44 D
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Summary and outlook

* Coulomb gauge is a physical choice
* Gaul¥’ law dominates
* two transverse degrees of freedom
* vanishing and conserved total charge

* STids come from Gaul3-BRST
* ghost DSe (toy version)

To do:
* Investigate the physical/Gaul3-BRST charge further
* solve the other DSes: igW;y, ~ o /p*? (in progress)

» find the physical input foFs,(0)
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