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1. Introduction

Despite many efforts to accurately determine the tramsteonperaturd. in finite temperature
QCD, the final answer is still open. The problem is that thickatlata need to be extrapolated to the
continuum limit and to the physical quark mass. Indeed,nmea®rk of the RBC-Bielefeld [1] and
the Wuppertal group [2], using different versions of stagddermions, report results fdg, which
differ by more than 10%. (See also the plenary talks of KasswhFodor in this volume.) To settle
this issue, alternative calculations, preferably usirfigdént fermionic actions, are demanded.

In this talk we shall present results foy from Ny = 2 flavors of nonperturbatively improved
Wilson fermions. (For similar work see [3] and the talk of Naltawa in this volume.) Furthermore,
we shall report results for the screening mass, which isrogetsial as well.

We use the plaquette action. The fermionic action reads

S =8~ 5K g0y B(90uFun (W), (1.1)

whereS,(EO) is the standard Wilson action, awgyy is determined nonperturbatively [4]. Here we
report preliminary results on 34 12 lattices aj8 = 5.29, and use our earlier results on°168
atB =5.2, 525 and 24 x 10 atB = 5.2 [5, 6]. The transition temperature was determined for
lattice spacinga ranging from 017rg to 0.23rg, and the pion massm;; varying between 1.3 and
2.7. The lattice spacing and pion mass has been determimedifieT = O results obtained by the
QCDSF-UKQCD collaboration (see e.g. [7]).

2. Critical temperature

We use the Polyakov loop susceptibiljty to computel.. In Fig. 1 we show our results on the
243 x 12 lattice. The critical value of, ki, is identified as a point, whepg reaches its maximum.
Applying a Gaussian fit in the vicinity of the maximum we fird= 0.135896). Respective value
of Terp is 0.487(6)

To determineT; in the continuum limit and at the physical pion mass we fit theessnand
cut-off dependence by

with d = 1.08, assuming that the transition is of second order in theakhimit and is in the
universality class of theO(4) spin model. Note that a first order transition at the physicairk
masses is not fully excluded [8]. In that cabe- 2. We treat the difference between the two fits
with d = 1.08 andd = 2 as a systematic error. We also considered an extrapolaftidie form

2
a
Again, the difference between (2.1) and (2.2) was taken gstarsatic error.

Our results are presented in Fig. 2, where we show the fitifum¢2.1) for Nc = 8,10,12
andN; = «. It turns out that the coefficientsy (respectivelyc;) andcy, are strongly correlated.
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Figure 1: The Polyakov loop susceptibility from the 24 12 lattice.

The error on (e.g.kn is approximately 50%, so that the scaling violations mighskynificantly
smaller than displayed in the figure. At present only theltesuhe physical limit can be trusted
entirely. In the continuum limit and at the physical pion sas obtain

roTe(romi", 0) = 0.438(6)(*1%), (2.3)

where the first error is statistical and the second one sydiem

For comparison we also show the fit function of [1]. It woulddmnsistent with our results
(within the error bars) ity = 0. The result of our fit (2.1) is@ away from that value.

As we said already, we used the Polyakov loop susceptilditomputel.. Another observ-
able, the chiral susceptibility, determined from the lowdy eigenmodes of the valence overlap
Dirac operator, was computed on our’2410 lattice in the parallel talk of V. Weinberg in this
volume. The preliminary conclusion was that the respedtizesition temperature is shifted to a
lower value as compared to the Polyakov loop susceptibilibys observation is in agreement with
the findings of Ref.[2].

3. Screening massesat T > T;

The study of free energies of static quarks in the high teatpes phase is important for under-
standing of the fate of charmonia abdkg as well as for checking the validity of high temperature
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Figure2: The critical temperature. The solid lines show results effihfunction (2.1). The blue line shows
the fit of [1].

perturbation theory. The free energy in the different coluannels is given by [9]:

=

e FRT)T _ ; (TrLT ()L (y) ) (3.1)
e Fe(RT)/T _ %(TrLT(X) TrL(y) ) — 2—14< TrL' (x)L(y) )

e Fo(RT)/T _ %2< TrL(x) TrL(y) >+li2(TrL(X)|-(y) )

e FRTIT = 2T () TrL(y)) - £(TILOL(Y) )

The above definitions are not explicitly gauge invariantw#ts argued in Ref. [10] that a gauge
invariant result can be obtained after proper gauge fixidthodgh a rigorous proof is still lacking
and both definitions (3.1) and gauge invariance were quesdiin Ref. [11] and Ref. [12], respec-
tively, we, as most of other authors, choose here the Coulgaube to study potentials determined
by egs. (3.1). An iterative gauge fixing algorithm with onege copy has been applied. Itis known
that in the Coulomb gauge some gauge noninvariant quantéig. field propagators, suffer from
the Gribov problem. To check for the effect of Gribov copieslaoked at three copies on a subset
of our configurations but found no effect. Still, further, rm@xtensive, checks of these effects are
necessary. In particular, a more effective simulated dmgealgorithm should be applied.

To improve the signal to noise ratio we used a hypercubickolgcprocedure [13]. This
reduced the statistical errors by about a factor of three.
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We applied the usual fitting function to describe the staditeptials as functions d® at large
RT:

VIRT)=R(RT)—F(w,T)= —Ci%-r)e‘"bi(T)R (3.2)
(i=1,3,6,8), wherea;(T) andmp;(T) are fit parameters, ari@ is the Casimir factor.

Previous studies iN; = 2 lattice QCD were performed with staggered fermions [14yalsas
with improved Wilson fermions [15], in both cases on latsieath N; = 4. In Ref. [14] results were
presented fom;/m, = 0.7 and temperatures up T/T. = 4. These authors fitted the screening
massmp, extracted from the singlet static potential by means d)(3n terms of the two-loop
perturbative expression times a constarno allow for nonperturbative corrections:

m N 1/2
?D :A<1+ %) gtwcHoop(T)- (3.3)

They foundA = 1.4, to be compared with = 1 in perturbation theory.

In Ref. [15] approximately the same valueswaf/m, (m;/m, = 0.65,0.80) and same temper-
ature range were explored. The authors confirmed Casimingdar Vi (R, T), i.e. independence
of ai(T) andmp;(T) oni. Furthermore, they found the phenomenological relation:

Mo N\ /2
T = <1+ E) 4ma (T) (3.4)
Comparison with results of Ref. [14] revealed agreementrfdr), but 20% deviation fomp(T).
So far the disagreement o (T) is unclear. One possible reason is that in both cases kittiith
large lattice spacing were used. Thus our result obtainddttoe with small lattice spacing can
shed some light on this problem.

Our calculations of the static potentials are performed @18 lattice atT /T, = 1.27, the
highest available temperature. In Fig. 3 we compare outtrEsw; (R, T) with that of Ref. [15].
We find good agreement f&®T > 0.5. The disagreement at smaller distances might be partiaéy
to breaking of rotational invariance and HYP smearing ofdata of Ref. [15]. Similar agreement
was found for other color channels. Thus we confirm the olagemns made in [15], i.e Casimir
scaling and phenomenological scaling (3.4).

4. Conclusions

We computedl; for N; = 2 with improved Wilson fermions on lattices witth = 8,10,12 and
performed a continuum and chiral extrapolation. The plafsialue ofryT. was found to be in
agreement with both the RBC-Bielefeld and Wuppertal resuithin the error bars.

The screening masseslatT; ~ 1.3 are found in full agreement with WHOT-QCD results [15],
confirming disagreement with the results of staggered famm[14], as well as Casimir scaling of
Vi(R, T) and phenomenological scaling wf(T).
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Figure 3: Comparison with [15] for the singlet potential.
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