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Why do we need gauge �xed propagators ?Why do we need gauge �xed propagators ?1) Testground for analyti
al methods (T = 0; T 6= 0).Example : Dyson-S
hwinger Equations (DSE)Solutions depend on approximations.Latti
e gauge theories =⇒ �rst-prin
iple approa
h.2) To 
he
k 
on�nement s
enarios (T < Tc).Example 1 : Gribov-Zwanziger 
on�nement s
enario.(Gribov '78, Zwanziger '91)Example 2 : Kugo-Ojima 
on�nement s
enario : (Kugo, Ojima, '78)V. G. Bornyakov and V. K. Mitrjushkin ()SU(2) latti
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Why do we need gauge �xed propagators ?3) Phenomenologi
al analysis of experimental dataEspe
ially, in the deep infrared.'QCD�inspired' models.Examples.
◮ Ratios of widths of J/ψ → e+e− and J/ψ → hadrons.In
lusive photon spe
trum in de
ays J/ψ → γX .
◮ Non-leptoni
 B meson de
ays.
◮ Jet quen
hing (the radiative energy loss in dense nu
lear matter whi
hresults from the energy loss of high energy partons moving through theplasma).
◮ . . .V. G. Bornyakov and V. K. Mitrjushkin ()SU(2) latti
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Why do we need gauge �xed propagators ?Linde (1980) has dis
overed that the thermal perturbation expansion innon-Abelian gauge theories breaks down be
ause the magneti
 se
tor is notamenable to perturbative studies.The idea of the appearen
e of the (dynami
ally generated) 'magneti
's
reening mass mM(T ) at non-zero T has been proposed.This mass is entirely non-perturbative.Zahed, Zwanziger (1999) suggested that the proximity of the Gribov horizonat �nite T for
es the spatial gluon propagator DT (0;~p) to vanish at p = 0. Ifso, then the �nite T analog of Gribov formula
|~p|2/(|~p|4 + M4

M) ≡ 1/(|~p|2 + m2
eff (~p))suggests that the e�e
tive magneti
 s
reening mass meff (~p) be
omes in�nitein the infrared.Interpretation : magneti
 gluons '
on�nement'.V. G. Bornyakov and V. K. Mitrjushkin ()SU(2) latti
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Why do we need gauge �xed propagators ?Main goals.The momentum dependen
e of the gluon propagators DT (p) and DL(p) inthe infrared region.S
reening masses mM and mE ?Gribov 
opy e�e
ts.Temperature dependen
e of the propagators (T < Tc and T > Tc).Propagators as 'order parameters' ?Finite volume e�e
ts and s
aling violation.
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Main de�nitionsWilson a
tion
S = β

∑

x

∑

µ>ν

[

1 −
1
2

Tr
(

UxµUx+µ;νU†
x+ν;µU†

xν

)

]

.

β = 4/g2
bare(a) ; a � spa
ing.The standard de�nition for the dimensionless latti
e gauge ve
tor potential

Ax+µ̂/2,µ is
Ax+µ̂/2,µ =

1
2i

(

Uxµ − U†
xµ

)

≡ Aa
x+µ̂/2,µ

σa

2
.Gauge transformations : Uxµ −→ Ug

xµ ≡ gx Uxµg†
x+µ .
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Gauge �xing and Gribov 
opiesThe usual 
hoi
e of the Landau (Lorenz) gauge 
ondition is
(∂A)x =

4
∑

µ=1

(

Ax+µ̂/2;µ −Ax−µ̂/2;µ

)

= 0 .Equivalent to �nding a lo
al extremum of the gauge fun
tional
FU(g) =

1
4L4

∑

xµ

1
2

Tr Ug
xµwith respe
t to transformations gx .The problem : Gribov ambiguityFun
tional FU(g) has many lo
al extrema −→ Gribov 
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Gauge �xing and Gribov 
opiesOur re
ipy :To 
hoose e�
ient gauge �xing method;To generate many gauge 
opies;To 
hoose 
opy with FU(g) as 
lose as possible to the global extremum(best 
opy or b
) ('absolute' LG).Indeed,(i) a 
onsistent non-perturbative gauge �xing pro
edure proposed byParrinello-Jona-Lasinio and Zwanziger (PJLZ-approa
h) presumes thatthe 
hoi
e of a unique representative of the gauge orbit should be throughthe global extremum of the 
hosen gauge �xing fun
tional;Parrinello, Jona-Lasinio '90Zwanziger '90(ii) in the 
ase of latti
e 
ompa
t U(1) gauge theory in the weak 
oupling(Coulomb) phase some of the gauge 
opies produ
e a photon propagatorwith a de
ay behavior in
onsistent with the expe
ted zero-mass behavior.The 
hoi
e of the global extremum permits to avoid su
h 
opies and toobtain the physi
al - massless - photon propagator. Nakamura '92Bornyakov, Mitrjushkin, M�uller-Preussker and Pahl '93V. G. Bornyakov and V. K. Mitrjushkin ()SU(2) latti
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Gluon propagatorBare gluon propagator
Dab

µν(p) =
a2

g2
0

〈Aa
µ(p)Ab

ν (−p)〉

= δab

(

PT
µν(p)DT (p) + PL

µν(p)DL(p)
)

,

PT ;L
µν (p) � orthogonal proje
tors

PT
ij (p) =

(

δij −
pipj

~p2

)

, PT
µ4(p) = 0 ;

PL
44(p) = 1 ; PL

µi (p) = 0 .at p = (p4 = 0; ~p 6= 0).
DT (p) � magneti
 propagator.
DL(p) � ele
tri
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Gluon propagatorLatti
e size : L4 · L3
sThe temperature T is

T =
1

aL4
, a � latti
e spa
ing.

T/Tc β L40.9 2.260 4
∼ 1.0 2.300 41.1 2.350 42.0 2.512 42.0 2.635 6
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Gribov 
opy e�e
tsGribov 
opy e�e
tsWe use FSA (Flip Simulating Annealing).Mu
h more e�
ient than the standard OR�method.For every thermalized 
on�guration the number of gauge 
opies ncopy ≤ 40.De�ne Gribov 
opy sensivity parameters ∆T (p) and ∆L(p) :
∆L(p) =

Dfc
L (p) − Dbc

L (p)

Dbc
L (p)

; ∆T (p) =
Dfc

T (p) − Dbc
T (p)

Dbc
T (p)

,
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Gribov 
opy e�e
tsLongitudinal propagator
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Consistent with zero.No Gribov 
opy e�e
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Gribov 
opy e�e
tsTransverse propagator
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Gribov 
opy e�e
ts are very strong.E�
ient gauge �xing method is of 
ru
ial importan
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Gribov 
opy e�e
ts
DT (0) asymptoti
s in the thermodynami
 limit.
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Gribov 
opy e�e
ts
Gribov 
opy e�e
ts are strong !At T = 2Tc f
 and b
 values of DT (0) 
onverge.At T = 1.1Tc the 
onvergen
e is under question.The asymptoti
 value of DT (0) is non-zero(in 
ontradi
tion to Zahed&Zwanziger suggestion).
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Gribov 
opy e�e
tsTransverse propagator
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Maximum at non-zero momentum.No 'Linde magneti
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Gribov 
opy e�e
tsLongitudinal propagator
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Gribov 
opy e�e
tsTransverse propagator
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No temperature dependen
e at T ∼ Tc .Magneti
 gluons '
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Gribov 
opy e�e
tsLongitudinal propagator
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Very strong temperature dependen
e at T ∼ Tc .
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Gribov 
opy e�e
ts
S
reening masses.At �nite T � two infrared mass s
ale parameters : mE (ele
tri
) and mM(magneti
), or 's
reening masses'.De�ne s
reeening of ele
tri
 and magneti
 �elds on large distan
es.Control the infrared behavior of DL(p) and DT (p).Perturbation theory fails.

m2
E = 2

3 g2T 2 in the leading order of PT. At higher orders � the problem ofinfrared divergen
ies.
mM is entirely nonperturbative in nature.First prin
iple nonperturbative 
al
ulations 
an resolve this problem.
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Gribov 
opy e�e
tsInverse longitudinal propagator
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Gribov 
opy e�e
ts1) Ele
tri
 mass mE

D−1
L (p) = A · (p2 + m2

E ).More reliable way to determine mE than propagators DE(z)in the 
oordinate spa
e.
β T/Tc mE [Gev℄ mE/T2.260 0.9 0.41(1) 1.53(4)2.300 1.0 0.46(1) 1.54(4)2.350 1.1 0.73(2) 2.06(6)2.512 2.0 1.21(2) 2.02(4)2.635 2.0 1.15(3) 1.92(6)At T = 2Tc 
oin
ides with results Heller&Kars
h&Rank (1998).

mE (T ) ∼ T at T > Tc � in a

ordan
e with the lowest order PT.V. G. Bornyakov and V. K. Mitrjushkin ()SU(2) latti
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Gribov 
opy e�e
ts1) Magneti
 mass mM

DT (p) is not 
ompatible with the simple pole-type behavior.No 'Linde mass' both at T > Tc and T < TcCu

hieri&and Kars
h&Petre
zky (2001)(T > TcConsistent with the T = 0 
ase.Bornyakov&Mitrjushkin&Mueller-Preussker (2009).Therefore, for mM another, di�erent from pole mass, de�nition is ne
essary.We applyed two �tting fun
tions to our data for DT (p).
fG(p) = Ce−(p−p0)

2/m2
M ; and fP(p) =

C
(m2

M + (p − p0)2)Both work well in the infrared (|p| ≤ 0.8 Gev) : χ2/ndf < 1. Consistentvalues of parameters.V. G. Bornyakov and V. K. Mitrjushkin ()SU(2) latti
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Gribov 
opy e�e
tsCon
lusions.The Gribov 
opy dependen
e of DT (p) is very strong in the infrared.For �xed p (at least, at p 6= 0) the e�e
t of Gribov 
opies de
reases within
reasing volume.No dependen
e of the Gribov 
opy e�e
ts on T or spa
ing.The Gribov 
opy dependen
e of DL(p) is very weak, at least, at p 6= 0,and is 
omparable with the statisti
al errors ( 'Gribov noise').With in
reasing size Ls the b
-values and f
-values of DT (0) de
rease.
Dbc

T (0) and Dfc
T (0) seem to (slowly) 
onverge when Ls → ∞ in a

ordan
ewith Zwanziger (2003) and with the T = 0 
aseBornyakov&Mitrjushkin&Mueller-Preussker (2009).However, DT (0) is non-zero in Ls → ∞ limit, in disagreement with Zahed,Zwanziger (1999)V. G. Bornyakov and V. K. Mitrjushkin ()SU(2) latti
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Gribov 
opy e�e
ts
DL 
hanges drasti
ally at T ∼ Tc → 'order parameter'.In 
ontrast, DT pra
ti
ally does not feel Tc ('magneti
 gluon
on�nement').The maximum of the DT (p) at |p| ∼ 0.4 ÷ 0.5 Gev not only in thede
on�nement phase but also for T < Tc . Thus, no pole-type behavior
∼ 1/(p2 + m2) at p ∼ 0.No 'Linde mass' both at T > Tc and T < Tc .Another de�nition(s) of mass s
ale parameter mM(T ) proposed.For DL(p) � good agreement with pole-type behavior at p ∼ 0.Our method to 
ompute mE in the momentum spa
e rather than in the
oordinate spa
e gives rise to higher pre
ision.
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