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Naive perturbation theory breaks down at T # (0.
Different length scales are generated at T # (. For gauge theories
g < ltorT > Az
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P < g < &y
T T T
Naive PT HTL Non-
resummmed  perturbative
PT met hods

For interesting temperature range g=1,

For short distances v <€ T no temperature dependence (medium
effects) should be observed.

Open questions:

o Up to which length (momentum) scale perturabtion theorv is ap
plicable 7

o At which scale mnediuim effects (e.g. screening) becoines nnportant
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e Static magnetic propagators in SU(2) gauge theory
A. Cucchiert, F. lkarsch and P.P.. Phvs, Lett. 497 (2001) 20

e Heavy quark potential in SU{3) gauge theory
F'. karsch, F. Zantow and P.P

e Temporal guark and gluon propagators in quenched QCD
F. karsch., E. Laermann, S. Stikan. . Wetzorke and P.P

o Conclusion and outlook



Magnetic propagators in SU(2) gauge theory at

‘ hnite temperature

e Generation of a magnetic mass of order ¢°T in non-Abelian gauge

theories at 1" # 0 was postulated to avoid IR divergencies in PT.
colorgreen | Linde )

e Self consistent resummation of PT
for SU(2) myy = (0.28 — 0.38)g°T
Buchimuller and Phibpsen. Alexaman and Nair, Eberlein

e Lattice calculation of the Landau gauge propagators:
my = 0.46(3)¢*T (Heller, Karsch and Rank, Karsch, Oevers,
Pet reczk

Magnetic propagators were studied in the dimensionally reduced 3d
effective theory.

Dimensionfull coupling : g5 = ¢*(T)T.
}lu -BAUEEs 31.41 T H;Ag + Aﬂ_jﬂd =
A = 118 the Landan gauge

Maximally Abelian Gauge (MAG)
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In A-gauges the propagators become negative at large distances.
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Momentuin space magnetic propagators are infrared suppressed.

fi=5

L I

z
By
Comparison with perturbation theory
Landau gauge MAG
Y : P .
; i : 1 vl ——
7 Hoop PT ' 1400 PT
] 6
5 : 5
LY Pl 4
ik 3
2'| L i L]
1t 1 - h"._\_
0 a ""'"'-I-.rq S — | ; P = S ———
Q05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
Z 2
Wi P

Perturbation theorv works well for p/g3 > 1 and breaks down com-
pletely at p/gi ~ 0.7g5,
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| The heavy quark potential in SU(3) gauge theory

< LIR)LY(0)>
| < L>|

ViR) = —log

L{R) 15 the Polvakov loop

e Most of studies concentarte on long distance behaviour of the
heavy quark-potebtial RT = 1. For physics of heavy guarkonia.
Ji, T ete. it s important to know the potential for RT < 1.

e At leading order in perturabtion theory
VIR) a® 1
T  9(RT)
a = g°/(4m) At large distances perturbation theorv needs to be
restuinined leading to

(R ol
D S e ™" RT> 1

mp=gl-2

e Simulation with the Wilson action on 48% % 12 and 64% = 16 at

T = 1.5T, and 3T,.. Simulation with {2 = 1} improved action on
32 x Rat T/T,=1,1.05,1.14,1.23, 1.50, 1.68, 3.0, 6.0, 12.0



o Comparison of lattice data with PT.
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e The running coupling constant Define a( R, T) =9R*TV(R,T)
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Temperature dependence of coupling:

11 ol

(4ma) ™" = H—lmrr T/Av) + ——Jog(2log(T/Ay)

(8877

Ay~ 04T
Expected: af R, T} 15 only function of R for BT < |

o Effective screening mass:
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Temporal quark and gluon propagator at finite
temperature in quenched QCD

e Temporal propagators carry information about the quasiparticle
in the medium.

o Simmulation were done on 64% x 16 lattice at 3 = 7457 and k =
0.1339 corresponding to T = 37, and the quark mass m, ~
J0MeV.

e Wilsou action for the gange sector, Ofa)-improved Wilson fermmions
o Calculating the propagator in the mixed (7, p) representation one
can extract the spectral function p(w) with the help of the Maxi-
mal Entropy Method (MEM)
Girp) = [ dwplw, p)K(T.w)
e
l = e

Kir.wl=

o MEM works only for positive plw, p) = Coulomb gauge

o [he position of peaks in the spectral function p(w. p) gives the
dispersion relation w, = w(p) of quasiparticles.

e The minimal spatial momementum availlable on our lattice is
Prmin = 1.1



Chuark propagators

S(r.p) = wF(r,p)+7-pG(r,p)+ H(T,p)

H is present due to breaking of the chiral symmetry on lattice.
Analysis was done for p = 0 and for p = 2.727"
e At p = Uonly vFi(r, p) contributes. Results are compatible with
HTL predistions.

o p=272"1
B 16, pT=2TL, #Conf=12
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Gluon propagators at p = ()

The: ghuon propagator Gix,p) The spaciral iunction at p=0
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HTL prediction : wy, = 0.96 using g = 1.65 from the heavy quark
protential.
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