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(O) = Tr (efﬁHO) / Tre 1, 8=

» the temperature Green’s functions
1 _ S -
2 > (e PAT [AZ (74, %) ... A% (70, %)] ) ;
n

» the free energy of a quark—antiquark pair

exp <_/8Fq()7),6(}7)) = (L(X)L'(y))

B
L(x) = % Pexp (%1/0 AS(7, X)o? dr)



We compute the “gluon” propagator in the SU(2) theory at the

temperature T = —, defined (in general) as follows:
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Df;g(f, X) = 6%°D,,, (7, X)



(D(P) ™" = (D°(P) "1 (P) = My ()

P M (p) =0
PPy Dy (P) =

nul/ = G(p)P,IV + F(p)Pﬁy






Dyu(p) = Du(p)PL, + Dr(p)PT, + a";i’”

nul/ = F(p)P/ﬁll + G(p)P/Z—Z/
The quantities under study:
Di(|A?) = 2D7(0,p),  Daa(|B?) = Di(0, p),

We consider o = 0 (the Landau gauge)
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P=x,p,v

where

UP = UX,/LUX-i-ﬂ,I/U U)—EV

X+0,u

Uy, € SU(2),

3
Uxpy = U + iZUaUaa (6)
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We fix the absolute Landau

gauge by finding the global
maximum of the functional

’
Flul=3 > T Uy, (8)
XvH‘

Stationarity condition:

0,A2 = 0.



A, — A= (AZ)TA(NZ) + g(/\Z)Tau(/\Z).

Ay — AN = NTAN + é A18,A.

In the case of SU(2)

2{(o7)- (0 5))

Gauge transformation is the same on both sides!



Center symmetry in the continuum case

A We extend the gauge group by
nonperiodic gauge transformations:
A
A8, X) = ZN\(0, X) etc.
. B —
0 X1,)'(2, X5 Pexp </g. ; Ao(r, x)dr) =
=L(X) — L(xX)Z

Thus the Hilbert space is broken into 16 superselection sectors

zZP' =GgF /g G(GF) is the (extended) gauge group.



exp (—5Fag) = (LAL(7)) = 7 (67740 +3e72400)
Assuming clustering, we conclude that, as r = |y — X| — oo,

(LEOLY ) — (D).

|(L)| = 0 = confinement
|(L)| # 0 = deconfinement IN PURE GAUGE THEORY

(L) furnishes the average in a given sector; i.e., average over
configurations that can be approached at a finite time.
Average over time differs from the ensemble average

— Spontaneous breaking of the center symmetry at T = T,



A

X1, X2, X3

| L(x1,%0,%8) = —L(x1,%,%)|

Center symmetry:

Zz . UX“LL — — UX“LL

T>T;
spontaneous

breaking of Z»
signals transition
to deconfinement:

Free energy
of a free quark
becomes finite



Simulations on N2 x N lattices

B=4/9% | 2478 | 2.488 | 2.495 | 2.501 | 2.506 | 2.508 | 2.509 | 2.510

1/a 2143 | 2213 | 2.263 | 2.307 | 2.344 | 2.359 | 2.367 | 2.374
(GeV)

T/T. 0.901 | 0.931 | 0.952 | 0.970 | 0.986 | 0.992 | 0.996 | 0.999

Table : N; =8

Simulations are performed at Ns = 32,40,48,56,64,78;
for 3 = 2.506,2.510 we also consider N5 = 88.




/7 = 440 MeV

continuum limita — 0

Scale fixing

AN

NN

__-“

Weak coupling

Strong coupling (TD limit, b — o)




1 1 1 1 1 [ 3 ’ 3 '
2by [ 4n? 4r? o'
In(aaZ) = - —5 b21 <b—ﬂ(-)6> +C + b—ﬂ(-)g

For a gauge and/or scheme dependence of Aqcp see
R.Dashen, D.J.Gross, Phys.Rev.D23 (1981) p.2340.
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Vo 372
T Ntep<_?f(5707d)>7

f(,B,C,d) _5"1'11 2

Results of the fit to the Karsch data

d
I — .
nﬁ+c+5

c=0.110(21), d=1.58(5), X2/ Ngor = 1.02, Ngor = 6.
Correlation between ¢ and d > 99%
The combined fit using both Karsch and Teper-Lucini data gives

X?/Noor = 6.14, Ngor = 11, Q(x?, Nyor) < 1.4 x 1079



Probability density

250

200

150

100

50

-0.015

-0.01

-0.005 0 0.005
Polyakov Loop

0.01

0.015




Probability density

90

80

70

60

50

40

30

20

L]
Ld
2<ILl>
o L] °
[ [ ] [
L J
e
°
[ ]
[ ]
[ ]
b [ ]
004 -003 002 -001 0 00l 002 003 004

Polyakov Loop



55

45 ["

D+(p)

3.5

25

0 0.2 0.4

The effect of Gribov copies

0.6

0.8




70 !

50

30 |
20 b

10




Definition of the electric gluon (color-screening) mass:

’
Daa(p)

=Z (m3+p° + O(p*)

Atp <1GeV,

C

T RE T WMhrs0 (n=mev2)

Daa(p) ~

Perturbation theory for SU(2): me = \/ggT ~ 310 MeV
— however, in the Feynman and Ay = 0 gauges; g ~ 1.25.



Normalization conditions for the longitudinal propagator

1 X 2 . a
> (MOM): DMOM(p) oz = w2 Pu=gsin ‘%.
1
» (NAT): DVAT (p) = m3+ p* + O(p*).

DM (p) = Zyar D*°(p),  DMOM(p) = ZyouD"*"*(p)

we consider three masses,

1

Mbare 7Dbare(o)’ (9)
1 Mbare
M = = = 10
NAT = Me IO 7 (10)
1 M,
ey = (11)

V/DYO(0) ~ \/Zuou
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T/T,
At T > Te, Zyom = 0.423(6) + 0.064(12)£0-33(14),
where { =T /T, —1.
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Our data indicate that it is well to divide the mass into the
constant (conf) and T-dependent (QGP) parts,

f QGP

Mpare = mggﬁe + Mpare (12)
f GP

MNAT = m,‘{,‘fq”T + mﬁAT (1 3)

where mg2" = 0.114 GeV and m{% = 0.4 GeV thoughout the
range under consideration 0.897, < T < 1.06T¢. In this case,
we observe that

mconf mQGP
conf __ bare mOGP ~ bare (1 4)

mNAT N conf’ NAT ™ conf7
V ZNAT 2 \ ZNAT

Z,f,g’}f ~ 0.0816 is a temperature-independent quantity (at least,
over the range 0.897, < T < 1.06T¢).
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PRELIMINARY RESULTS

We use the fit function ( )

>até>d  Muar(€) = mig + c(6 - d)P
»até<d Myar(§) = miGH — q(d — &P

Critical exponents:

> BARE mgit.. = 0.112GeV; b=0.72,p = 0.36.
> NAT mgrit = 0.395 GeV; b=0.63,p=0.54.



D(p; Ns)

D(p; Ns)
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FISHER TEST
1 2
xm =3 ———— — fn(pr, NS )) /6%
Z, (D(p,-;/vsm)

- residual sum of squares

Xa — x5
_ m-—n -
X=——F%— has the Fisher CDF Ppy_pn(¢ < X)
Xm
Ngor —m

Fisher probability density function

£y GPepeg(€<x) _T(p+q) xP
eeal’) = o T Tp)r(a) (1 xp




=
vV




Kolmogorov-Smirnov test

\/NSUP |Fn(X) = Fiheor(X)]
X
is Kolmogorov distributed.
Kolmogorov function has the form

(e}

K(x) = 3 (-1 @™

j=—c0

In our case, x = 1.813 and K(x) = 0.997;

K(x) = 0.9787



