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1. Introduction

Debye screening of the color charge, expected at high temperaturgnadesl by screening
masses/lengths that can in principle be obtained from the gluon propatjatbidre specifically,
chromoelectric (resp. chromomagnetic) screening will be related to the ldimgtyresp. trans-
verse) gluon propagator computed at momenta with null temporal compoménm@des). In
particular, we expect the real-space longitudinal propagator to fahxgbnentially at long dis-
tances, defining a (real) electric screening mass, which can be calcpéatacbatively to leading
order. Also, according to the 3d adjoint-Higgs picture for dimensionalatiain, we expect the
transverse propagator to show a confining behavior at finite temperistassociation with a non-
trivial magnetic mass (see e.g. [2]). We note that these propagatoraigge-gependent quantities,
and the (perturbative) prediction that the propagator poles shouldugge-gadependent must be
checked, by considering different gauges.

Even though the nonzerb-behavior just described has been verified for various gauges and
established at high temperatures down to around twice the critical tempefa{@;e3], it is not
clear how a screening mass would develop arolndt the same time, lattice studies of Landau-
gauge gluon propagators at finite temperature in BWé2) and SU(3) theory have observed a
sharp peak in the infrared value of the electric propagator around tumfigement temperature,
suggesting an alternative order parameter for the QCD phase transitiong47, 8]. (Of course,
a relevant question is, then, whether this singularity survives the inclaudidgnamical quarks
in the theory [9].) In the following, we investigate the critical behavior of #le@and magnetic
gluon propagators and try to characterize the screening masses #neunansition temperature
T, by performing large-lattice simulations in pure SU(2) gauge theory. In péaticwe use the
knowledge gained in the study of the zero-temperature gluon propaga®[10] for a review) to
identify systematic effects in the infrared limit and to define temperature-depémasses for the
region around and beloW¢. A more detailed analysis of our data will be presented elsewhere [11].
(Preliminary results were reported in [12, 13].)

2. Resaults

We have considered the pure SU(2) case, with a standard Wilson actmouFruns we
employ a cold start, performing a projection on positive-Polyakov-loofigorations. Also, gauge
fixing is done using stochastic overrelaxation and the gluon dressintjidna@re normalized to
1 at 2 GeV. We takg3 values in the scaling region and lattice sizes ranging fidyr= 48 to
192 and fromN; = 2 to 16 lattice points, respectively along the spatial and along the temporal
directions. Our (improved) procedure for determining the physical tepera is described
in [13]. The momentum-space expressions for the transverse and ldngltgthon propagators
D1 (p) andDy(p) can be found e.g. in [4]. We first describe our investigation of the critiebavior
for transverse and longitudinal gluon propagators and then discugsraposal for computing
screening masses around

Our data for the transverse (magnetic) propagBtaip) at the critical temperature are shown
in Fig. 1. We clearly see the strong infrared suppression of the prapaga expected, with a
turnover at around 400 MeV. Regarding systematic errors, thereoasiderable finite-physical-
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Figure 1: Transverse gluon propagator &, for various choices of lattice size affi Values for the
temperatureNS x Ny, B, lattice spacing and spatial lattice size (both in fm, in parentheses) are given in
the plot labels. The solid lines are fits, described at theoémiis section.

size effects, evidenced by the fact that the lattices with the smaller phypat#dlissize (the red,
yellow, magenta and black curves) show different behavior from tmeir@ng curves (green, blue
and cyan). The nature of these effects is similar to what is obseriee-#t [10]. We mention that
essentially the same features are seefg(p) at other temperatures, above and belgf43].

The longitudinal (electric) propagat@ (p) at T¢ is shown in Fig. 2. We immediately see
severe systematic effects for the smaller valued\of Let us note that our runs were initially
planned under the assumption that a temporal extent 4 might be sufficient to observe the
infrared behavior of the propagators and our goal was, then, tcaise¥g significantly, to check for
finite-size effects. As seen in Fig. 2, this assumptiomajustified for the longitudinal propagator
around the critical temperature, especially in the case of ldigemmdeed, ad\s is doubled from
48 to 96 and then to 192, we see that the infrared valu® 0p) changes drastically, resulting in a
qualitatively different curve ails = 192, apparently with a turnover in momentum. (Note that, in
this case, the real-space longitudinal propagator manifestly violatestigil@ositivity.) We took
this as an indication that our choiceldf= 4 was not valid and therefore considered larger values
of N;. We assume here that data pointblat 16 are essentially free from systematic effects, since
(as shown in [13]) the curves for temperatures arolystabilize forN; > 8. As seen in the figure,
we obtain in this way a different picture for the critical behaviobgf p). It is interesting to note
(see Fig. 2) that thils effects afl; are significant folN; = 6 (with opposite sign with respect to the
N: = 4 case) and are still present fidy = 8 (and maybe also fd¥; = 16). This is also true slightly
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Figure 2: Longitudinal gluon propagator at and aroungfor various choices of lattice size afid Values
for the temperaturel2 x N;, B, lattice spacing and spatial lattice size (both in fm, in parentheses) are
given in the plot labels. The solid lines are fits, describati@end of this section.

below T, but not immediately abové [13].

In summary, the transverse propagdiaf(p) shows significant finite-physical-size effects at
Te, while the longitudinal propagatd®, (p) is subject to two sources of systematic errors for small
Ni: “pure” smalld\; effects (associated with discretization errors) and strong dependenite
spatial lattice sizéNs at fixedN;, when this value of\; is smaller than 16. The latter effect was
observed only al < T, whereas the former is present in a wider range of temperatures afgund
(see below). For all investigated values of the temperafyép) seems to reach a plateau at small
momentump, while Dt (p) is infrared-suppressed, with a turnover in momentum roughly around
350 MeV for allT # 0.

Considering the infrared plateau (p) — which we estimate here iy, (0) — as a function
of temperature, the value observedTat= 0 increases as the temperature is switched on, drops
significantly forT 2 T. and then shows a steady decrease. In Fig. 3, we show dda {0y for all
our runs on the left-hand side, and for the region arolywh the right. We group together results
from runs using the same value N, and indicate them by the label “DLO}". The data points
indicated with “sym” correspond to symmetric lattices, i.e. to the zero-tempermdae: Note that
results for differentNg's at fixedN; may not fall on top of each other, which gives us an indication
of the systematic errors discussed above. These are especially geridlis= 4 aroundT, (red
points). We see that, surprisingly, the maximum valu®pf0) is not attained fol = T, — as
might have appeared to be the case fromNhe 4 lattices only — and it does not correspond to a
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Figure 3: Infrared-plateau value for the longitudinal gluon propagéestimated byD, (0)] as a function of
the temperature for the full range ©f T; values (left) and for the region aroufigl(right). Data points from
runs at the same value Nf are grouped together and indicated by the label “DNO, where “sym” is used
to indicate symmetric lattices (i.&.= 0).

flat curve from Q.51 to T, as could be expected by looking only at these two temperatures. Rather,
the maximum seems to lie at about 09 Moreover, it clearly corresponds to a finite peak, which
does not turn into a divergence ldsis increased at fixeb;.

We have also looked at the real-space propagators. We find clear viotditieflection posi-
tivity for the transverse propagator at all temperatures. For the long#upinpagator, positivity
violation is observed unequivocally only at zero temperature and fovadses around the crit-
ical region, in association with the severe systematic errors discussee. dbar all other cases,
there is no violation within errors. Also, we always observe an oscillatehabior, indicative of
a complex-mass pole. Typical curves for the longitudinal and transpeopagators in real space
are shown (foll = 0.25T;) in Fig. 4.

We now address the problem of characterizing the screening massesl dgo For all fits
shown in Figs. 1 and 2 we used the same expression, namely a five-paréttiegeform of the
Gribov-Stingl [14, 15] typé

1+dp
(P2+a)2 + b2’
This form allows for two (complex-conjugate) poles, with mass®s = a =+ ib, wherem =
mg + im;. The massn thus depends only oa b and not on the normalizatidd. The parameter
n should be 1 if the fitting form also describes the large-momenta region (ftmrimfsared data
we getn # 1). Recall that at high temperatures one usually defines the electricBgenass
as the scale determining the exponential decrease of the real-spaaggimmat large distances,
which is equivalent td, (0)~%? in the case of a real pole. We therefore expect to obseyve 0

DLr(p) =C (2.1)

INote that, for given values d, b, d, n, the global constart is fixed by the renormalization condition, so that
there are only four free parameters in (2.1).
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Figure 4. Longitudinal (left) and transverse (right) gluon propagah real space folr = 0.25T.. Values

for N3 x N, B, lattice spacing and spatial lattice size (both in fm, in parentheses) are given in the plot
labels. Note that the solid lines amet fits.

(i.e. b— 0) for the longitudinal gluon propagator at high temperature. Note that, fribgagator
has the above form, then the screening mass defined 1§9) /% = \/(a2+b2)/C mixes the
complex and imaginary masses andm, and depends on the (a priori arbitrary) normalizaton

We generally find good fits to the Gribov-Stingl form (including the full rared momenta),
with nonzero real and imaginary parts of the pole masses in all cases eRoartbverse propagator
D1(p), the massesr andm, are of comparable size (around 0.6 and 0.4 GeV respectively). The
same holds foDy (p), but in this case the relative size of the imaginary mass seems to decrease
with increasing temperature. A detailed discussion of the associated magsasis postponed to
a forthcoming study [11], as we are presently considering variants abibie fitting form inspired
by zero-temperature studies. Indeed, the use of a Gribov-Stingl fommotisated by the behavior
of the gluon propagator & = 0, where this type of expression has been shown to describe well
the data in three space-time dimensions [16]. Recently, in [17], various fitigs of this type
were used to describe large-lattice data for the 3d and 4d gluon propagdte= 0. Noting that
the 3d case may be considered asThe o limit of the 4d case, we propose to interpolate the 3d
and 4d zero-temperature forms to describe our fifigata in 4d.

3. Conclusions

We study the longitudinal (electric) and transverse (magnetic) gluon gabqaE in momentum
space, proposing the calculation of screening masses through an Ansathe zero-temperature
case. Going from zero to nonzero temperature, we see that the eleopgptorD, (p) is en-
hanced, with an apparent plateau value in the infrared, while the magnepiagatoD (p) gets
progressively more infrared-suppressed, with a clear turnover in mimeat all nonzero tem-
peratures considered. Severe systematic effects are observee feletiric propagator around
Te, suggesting that lattices of temporal extdht> 8 are needed for this study. Once these errors
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are removed, the data support a finite maximum (located at aboiit)X@& the infrared value of
Di(p)-
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