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We investigate how the infrared behavior of electric and metig gluon propagators in Landau
gauge is affected by temperature. More precisely, we parfarge-lattice simulations in pure
SU(2) gauge theory around the transition temperaiygrand study the longitudinal (electric)
and transverse (magnetic) gluon propagators in momentatesproposing the calculation of
screening masses through an Ansatz from the zero-temperase. Going from zero to nonzero
temperature, we see that the longitudinal gluon propadatop) is enhanced, with an apparent
plateau value in the infrared, while the transverse projmedar (p) gets progressively more
infrared-suppressed, with a clear turnover in momentunil abazero temperatures considered.
Our data allow us to associate what was previously seen askapéhe infrared value db| (p)

at T to severe finite-size effects along the temperature doectn particular, a temporal lattice
extentN; > 8 seems to be needed to study the electric sector arouncatigtion. Once these
systematic errors are eliminated, the infrared behavidgheflongitudinal propagator appears to
be rather independent of the temperature below the transithboveT, the infrared value of
DL (p) starts to decrease monotonically with the temperature.
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1. Introduction

At high temperatures, deconfinement is expected to be felt in the long-ckstshavior of
correlation functions — such as the (real-space) longitudinal gluoragaipr — as an exponential
falloff with the distance, defining a screening length and converselyeasitrg mass [1]. Although
this predicted behavior has been established at high temperatures dawartd twice the critical
temperaturél; [2], it is not clear how a screening mass would show up arondAt the same
time, recent studies of zero-temperature Landau-gauge propagatiarge lattices have shown a
(dynamical) gluon mass dt = 0 (see e.qg. [3] for a discussion), in agreement with the so-called
massive solution of Schwinger-Dyson equations [4]. One can try to is&rbwledge to define
temperature-dependent masses for the region around the critical témmeeha the following, we
review briefly the lattice results for the zero-temperature case, discugxpleted behavior for
nonzero temperature and show our preliminary results for the gluongeitgreon large lattices for
several values of the temperature, drawing our conclusions. A moritedetaalysis and additional
data will be presented elsewhere [5].

2. Expected Behavior

At zero temperature, Landau-gauge gluon and ghost propagatoexaected to behave ac-
cording to the so-called Gribov-Zwanziger scenario, which is baseesirating the gauge con-
figurations to the region delimited by the first Gribov horizon, where the smaitexero eigen-
value of the Faddeev-Popov matrix goes to zero [6]. Essentially, the irfioitene limit favors
configurations on the first Gribov horizon and, as a result, the ghoglagator should become
infrared-enhanced, inducing long-range effects in the theory. ¢giddnb gauge, the restriction to
the first Gribov region causes the appearance of a confining colade@b potential.) In this sce-
nario, formulated for momentum-space propagators, the long-rangedeateeded to explain the
color-confinement mechanism are thus manifest in the ghost propaghareas the momentum-
space gluon propagat@(p) is suppresseth the infrared limit. Such a suppression is associated
with violation of spectral positivity, which is commonly regarded as an indicatfogiuon con-
finement. In factD(0) is originally expected to be zero, corresponding to maximal violation of
spectral positivity. The parametrization of this behavior as a propagattoravpair of poles with
conjugate complex masses was proposed by Gribov, in connection with thysatgauge copies.

Lattice studies have confirmed the suppression of the gluon propagateriiviréired limit and
the enhancement of the ghost propagator at intermediate momenta. Hoowveeethe investigated
lattice sizes were large enough, it became clear that the standard pedéedgauge fixing and
simulations isnot compatible with the original scenario in the deep infrared regime. Indeed, the
gluon propagator attains a finite value as the momentum is taken to zero antiineement of the
ghost propagator does not persist in this limit. We note the very large latteeesiaployed in order
to observe such a behavitra 20 fm and larger. The status of these zero-temperature simulations
has been recently reviewed in [7]. A good fit of the massive behavidhfogluon propagator is
obtained from the Gribov-Stingl form, which generalizes the Gribov foestdbed above (see e.g.
[8]). In any case, violation of reflection positivity for the real-spaceoglpropagator is observed
for all cases studied [9].
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As the temperatur€ is turned on, one expects to observe Debye screening of the colgechar
signaled by screening masses/lengths that can in principle be obtaineth&atuon propagator
[10]. More specifically, chromoelectric (resp. chromomagnetic) simgenill be related to the lon-
gitudinal (resp. transverse) gluon propagator computed at momenta Witemporal component,
i.e. with pp = 0 (soft modes). At high temperatures, we expect the real-space longitydopa-
gator to fall off exponentially at long distances, defining a (real) eleatrieening mass, which can
be calculated perturbatively to leading order. Also, according to the @ah&dHiggs picture for
dimensional reduction, we expect the transverse propagator to shomfinicg behavior at finite
temperature, in association with a nontrivial magnetic mass (see e.g. [&)ghdst propagator,
on the other hand, should not dependTanWe note that these propagators are gauge-dependent
gquantities, and the (perturbative) prediction that the propagator pole$ bdgjauge-independent
must be checked, by considering different gauges.

The above expectations have been checked and confirmed for themyiyeegator at high
T for various gauges [2, 11]. The behavior of Landau-gauge glndngaost propagators around
the critical temperatur@. has been investigated in [12]. The study showed a stronger infrared
suppression for the transverse propagator than for the longitudieatonfirming the dimensional-
reduction picture also at smaller temperatures. [We note here that a gent study [13] discusses
whether this suppression is consistent vih(0) = 0 and investigates Gribov-copy effects for the
propagators.] It was also found that the ghost propagator is insengitithe temperature, as
predicted. For the longitudinal gluon propagator, a very interestingvimhaas seen: the data
approach a plateau (as a function of the momentum) in the infrared regiorasiadfunction of
temperature, this plateau shows a sharp peak around the critical temgefEtterexact behavior
aroundT; (e.g. whether the peak turns into a divergence at infinite volume) coulzeragtermined,
since relatively small lattices were used. All studies mentioned so far ag(#) gauge theory.
The momentum-space expressions for the transverse and longitudinal grloppagator+ (p)
andDy (p) can be found e.g. in [12].

Recently, in [14], further simulations aroufid confirmed the above results, and lattice data
for the gluon propagator were used to construct an order parametirefghiral/deconfinement
transition. More precisely, the authors use a much finer resolution arguadd consider the
SU(2) and SU(3) cases. A check of their calculation is done for the Elasctteening mass, taken
as D (0)~%/2 and extracted from the data, where only the= O raw data point is used. The
considered lattice sizes are still moderate.

Of course, even if an exponential fit to the longitudinal gluon propagatoks at high tem-
perature, it is not obvious that this should holdTag T.. One should therefore consider more
general fits. AtT = 0, the momentum-space propagator is well fitted by a Gribov-Stingl form (see
e.g. [8]), allowing for complex-conjugate poles

1+dp?
D =C——>——. 2.1
L7T(p) (p2+a)2 + b2 ( )
This expression corresponds to two poles, at masges= a =+ ib, wherem = mg + im;. The
massm thus depends only oa, b and not on the normalizatid®. The parameten should be 1
if the fitting form also describes the large momenta region (from our infrde¢a we get) # 1).

For consistency with the usual definition of electric screening mass, veeetgobserven, — 0
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(b— 0) for the longitudinal gluon propagator at high temperature. Clearly, {ftbpagator has the
above form, then the screening mass definedby0) /2 = /(a2 +b2)/C mixes the complex
and imaginary masseasg andm; and depends on the (a priori arbitrary) normalization

3. Resaults

We have considered the pure SU(2) case, with a standard Wilson actwmouFruns we
employ a cold start, performing a projection on positive Polyakov loop cordtgpns. Also, gauge
fixing is done using stochastic overrelaxation and the gluon dressintjdos@re normalized to 1
at 2 GeV. We take8 values in the scaling region and lattice sizes ranging filamas 48 to 192 and
from N; = 2 to 16 lattice points, respectively along the spatial and along the temporétiaire
The temperature is given by = 1/N; a.

All our data have been fitted to a Gribov-Stingl behavior, as describeaipretvious section
(see Eq. 2.1). These fits are shown below in all plots, whereas a detaibedsion of the associated
massesng, My will be presented elsewhere [5]. We generally find good fits to the Gratngl
form (including the full range of momenta), with nonzero real and imaginarnyspof the pole
masses in all cases. For the transverse propaBatqy), the massesr andm, are of comparable
size. The same holds f@, (p), but in this case the relative size of the imaginary mass seems
to decrease with increasing temperature. We also looked at the realimpg@egators, finding
clear violation of reflection positivity for the transverse propagator ateatiperatures. For the
longitudinal propagator, posivity violation is observed unequivocally ahzero temperature and
for a few cases around the critical region, in association with the seystensatic errors discussed
below.

Our runs were initially planned under the assumption that a temporal é¥tentt might be
sufficient to observe the infrared behavior of the propagators. ¢§Oalwas, then, to increadi
significantly, to check for finite-size effects.) For this valueNpf the choserf values: 2.2872,
2.299, 2.313, 2.333, 2.505796 yield temperatures respectively of A958,.04, 1.1, 1.936 times
the critical temperatur@;. As is clear from Fig. 1 below, the assumption thiat= 4 might be
enough isotverified for the longitudinal propagator around the critical temperatsge@ally in
the case of larges.

Indeed, ad\s is doubled from 48 to 96 and then to 192, we see that the infrared value of
D, (p) changes drastically, resulting in a qualitatively different curvilat 192, apparently with
a turnover in momentum. Also, in this case the real-space longitudinal priopaganifestly
violates reflection positivity. We took this as an indication that our choidg ef 4 was not valid
and therefore considered larger valuedNgfobtaining a clearer picture of the critical behavior of
DL(p). As seen in Fig. 1 (top), once we use large enough valudk, dfie curve stabilizes (within
statistical errors) for four different combinations of parameters. ttiquaiar, the two curves at fixed
physical volume (the yellow and the gray curves) agree very nicely. Alstethat the (orange)
curve corresponding to the smallest physical spatial size (i.e. 4 fm), nway sfild finite-size
effects. As seen in the bottom plot, the finite-physical-size effects are mom@ynced for the
transverse propagator, which does not seem to suffer from the saalleN; effects. In this case,
we see clearly the strong infrared suppression of the propagator, wittn@ver at around 400
MeV.
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Figure 1: Longitudinal (top) and transverse (bottom) gluon propagat T, for various lattice sizes and
values of3. Values forNS x N;, B, lattice spacing and spatial lattice size (both in fm, in parentheses)
are given in the plot labels. The resulting temperature @aiaB02 MeV.
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Figure 2: Longitudinal and transverse gluon propagator$ at O (left) andT = T;/2 (right). Values for
NS x N, B, lattice spacing and spatial lattice size (both in fm, in parentheses) are given in the plot labels.
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Figure 3: Longitudinal gluon propagator faf < T, (left) andT > T (right). Values forNS x N, 3, lattice
spacinga and spatial lattice size (both in fm, in parentheses) are given in the plot labels.

The above systematic errors were not observed for other simulated \@lthee temperature
(except for the data at 0.968, not shown here), including the temperature values just aliove
We also did runs af = 0 andT =~ T./2, for which we show combineD, (p) andD+(p) data in
Fig. 2. We see a jump iD(p) as temperature is switched on, whidg (p) decreases slightly,
showing a clear turnover point at around 350 MeV. In Fig. 3 we collata forD, (p) at several
temperatures (fof < T, for clarity, we show only valid lattices with the largest physical size).
Note that the curve remains unchanged (within errors) ffgf to T.. AboveT,, there is a steady
drop. For all values off, D, (p) seems to reach a plateau at snyall
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4. Conclusions

The transverse gluon propagal®ys (p) shows infrared suppression and a turnover in momen-
tum (in agreement with the dimensional-reduction picture) at all nonzero tatupes considered.
The longitudinal propagatdd, (p), on the contrary, appears to reach a plateau at small momenta.
The data foD| (p) are subject to severe finita-effects atT ~ T.. As a result, only lattices with
N; > 8 seem to be free from systematic errors. After these errors are rdqmegesee an infrared
value about 50% smaller than before. This suggests that there is no jumpiiiréved value of
DL(p) asT — T. from below and that the drop aftdt is significantly smaller than previously
observed. [We note that all previous studie®gpf p) aroundT; have employed\; < 4.] Therefore,
the qualitative behavior d, (p) around the transition has to be revised.

We have obtained good fits of our data to a Gribov-Stingl form, with comparaal and
imaginary parts of the pole masses, also in the longitudinal-propagator Thieis in contrast
with an electric screening mass defined by the expred3i¢8) ~/2, which moreover may contain
significant finite-size effects. In that respect, we plan to consider therugnd lower bounds for
D(0) introduced in [15], to investigate the infinite-volume limit of the gluon propagattoonzero
temperature.
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