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Static (equal-time) propagators in Coulomb gauge V-A=0

o D(B) = 6205;(A3(B, ) AP(—p, 1))
° G(Pp) = |p|2d(B) = 620 (" (B, t)P(~B. 1)) = (—D-¥)~")
o S(B) = *8(3 (B, 1)IB(—B. 1))

® Do(P) = 3%(A3(B, AS(—B, 1))
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Motivations

Static (equal-time) propagators in Coulomb gauge:

@ Test for:

o Gribov-Zwanziger confinement scenario

e Hamiltonian variational approach
@ Comparison with Landau gauge

@ Renormalization issues need to be addressed
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Introduction

GZ mechanism Gribov NPB 1978; Zwanziger NPB 1997

@ Faddeev-Popov insufficient beyond perturbation theory
@ restrict gauge functional F(A) to:

e Gribov region ©, local maxima (—D - V > 0)

e or Fundamental modular region A, absolute maxima

@ Radius of A (or Q) introduces an IR scale ~ O(o)
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Continuum Coulomb gauge

® Do(P) o Vo(P) = g*(~D - V)~ (-V?)(~D- V) ™)
o < o Zwanziger PRL 2003
@ DSE, gap equations, variational approach:
® IRD(B)~" o |p|"; d(B)~" o ||
@ Ky + 2/<;gh =1
o UV D(B)~" o |B|log™ BZ; d(B) " ox log"e" p;
@ Vg + 2vgh =1
@ prediction kg = —1, kgh =1, 79/ = 0, ygn = 1/2
@ D(P) o w(p)~" IR vanishing
@ d(P) x ¢(P)~" IR divergent. Dual superconductor!

Reinhardt PRL 2008
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Introduction

Residual gauge on the lattice

@ Weyl gauge not viable on the lattice
@ Temporal gauge in theory unnecessary for static quantities

@ In practice?

e Finite volume effects?
@ Discretization effects?

@ Non-static propagators as intermediate step

@ Are they renormalizable?

@ Different choices for global gauge at fixed time

@ Static quantities should not depend on specific choice
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Gluon propagator G. B., Reinhardt. Quandt, PRL 2009

@ po dependence makes D(p, pg) not renormalizable

@ temporal UV cut-off a; — scaling violations in Zpo D(p, po)

e Either go to lattice Hamiltonian limit or

e extract static component exploiting factorization

@ Static D(p) renormalizable, agrees with Gribov’s formula
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Giluon

scaling violations in 3, D(p, po)
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D(p) agrees with Gribov’s formula

+  MC
O ™cp->M?*p
Fit Gribov
== Ham. appr.

o 2 . 6
|pl (GeV)

D(B])  (|B|2 + Ml‘;)*V?, M = 0.856(8)GeV, y2/d.of. = 1.6

3
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Static propagators
Coulomb vs Landau

Comparison with Landau gauge G. B., Reinhardt. Quandt,
PRD 2010

@ Coulomb and Landau gluon are surprisingly similar
@ Coincide rescaling momentum. No new scale needed!
@ Simple description for Landau gluon for all momenta

@ M = 0.856(8)GeV also from Landau gauge!
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Static propagators
Coulomb vs Landau

Coulomb and Landau gluon are surprisingly similar

25

15}, °

D.(Ipl)

05

Coulomb 2+1
fit 2+41

+ Coulomb 3+1

it 3+1

T O Landau2+1
% © Landau3+1
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p— p.=pp(B)

2.6
24+
[m] 2+1
20k O 3+1
Pyy 109"2(p%IN%)
= 2r i
ret
1.8 4
1.6 b
1A4]% H] %%EH] <1>§§b 1
o
bo 00 96 0% ‘

10" 10° 10"

p (GeV)
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2+1 dimensions

0.7r 4

0.6 q

O Coulomb
o Landauvs.p

fit

D.(pD). D ()

e
N}

0.1

4 5 6
Ipl. p, (GeV)
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3+1 dimension

O Coulomb
o Landauvs.p

fit

D4(IpD. D (p)

0.4

R 5
Ipl, p, (GeV)

D(p)~" ox /M + il p*log? (e + ap? /A2 + pt/Nd), e
M = 0.856(8)GeV, v = 0.52(3) A = 1.05(15), x?/d.of. =16
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e Static propagators

@ Ghost
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Static propagators
Ghost

Coulomb Ghost form factor

fit
4
e} 32" p=2.15

o 324 B=2.20

0.8

0.6

0.4
0

d(p) o< /% +1og~"(e + &), m = 0.33(3)GeV, x?/d.of. = 0.6
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Quark propagator

° 571(5, Po) :_i#’oAt(l?, Po) + _"ﬁAs(é, Po) + Bm(é, Po)
S(P, Po) = —ipoAt(P; Po) — iPAs(P, Po) + Bm(P; Po)
o If renormalizable

o S7'(B,po) = Z71(P, po) (iB+ ipoc(P, po) + M(P, po))
e a(p,po) and M(p, po) should be cut-off independent
e Static propagator S (B) = [ d peS=")(B, po)
— cancels for parity
~1(B) = Z71(P) (ip + M(p))
Z(p) = (*2 - MZ (P)) [ doo As(p) = (/ doo As(p)) "

J dpo Bm(p) __ [ dpo Bm(p)
M( )= J dpo As(p) — [ dpo As(p)

‘01

el
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Static propagators

Quark

Quark propagator

° 571(5, Po) :_i#’oAt(l?, Po) + _"ﬁAs(é, Po) + Bm(é, Po)
S(P, Po) = —ipoAt(P; Po) — iPAs(P, Po) + Bm(P; Po)
o If renormalizable

® S71(B,po) = Z (B, po) (iB+ iPoc(B, po) + M(P, o))
e «o(p,po) and M(p, po) should be cut-off independent

e Static propagator S (B) = [ d peS=")(B, po)
— « cancels for parity
e 57(p)=Z""(p) (ip+ M(p))
) = (B + M?(B)) [ dpo As(p) = (/ dpo As(p)) "

=\ _ JdpoBm(p) [ dpo Bm(p)
M(p )= S dpo As(p) [ dpo As(p)

@ Z(p) renormalizable, M(p) invariants
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Static propagators
Quark

S(p, po) not renormalizable
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S(p) renormalizable

1.6 ‘

:
14 B

L
0.8 | P o ]
e

Z(lk)

0.4 r = E

0 ! ! ! !
0 2 4 6 8 10 12
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Running mass

0.8 | Mgy g

M(lk|) [GeV]

0.6
04 R

0.2 r b

0 L L L L L
0 2 4 6 8 10 12

k| [GeV]

Quenched 12*x24, asqtad staggered, mp ~ 212 MeV
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Strong Coupling Limit

6 = 0 propagators

Landau propagators at 5 = 0 to check reliability of IR
lattice results

Sternbeck, Von Smekal 2008; Cucchieri, Mendez PRD 2010;
Maas et al. 2010

Discrepancies found, different interpretations

How to fix the lattice scale?

Confining theory Dy(p) — oo G.B., Quandt, Reinhardt
CONFO08, Nakagawa et al. LAT09, PRD 2010

Dy(P) at 8 = 0 to fix a?
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Do(P) at strong coupling

Consistent only if a — oo
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Summary

@ Static propagators in Coulomb gauge renormalizable

@ IR agrees with Gribov-Zwanziger confinement scenario
@ D(p)  |p| IR vanishing, massive

@ d(P) « |p|~" IR divergent

@ Quark running mass works well
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Outlook

@ d(p) at larger L. M/m predictable?

@ Coulomb string tension

@ Coulomb form factor

@ Running mass for larger volumes/chiral limit

@ Unquenching
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