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1. The gluon propagator at zero temperature

In [1], we have studied the lattice Landau gauge gluon propagator, asir@gal ensembles
with different lattice volumes and lattice spacings. Here we will report on dneparison of the
gluon propagator computed from similar physical volumes but differentéegpacings. For details
on the lattice setup see [1].

Figure 1 shows the gluon propagator, renormalized at 4 GeV, for @iygiumes ranging
from 3.3 fm to 8.1 fm. In all cases, for momenta abev800 MeV the lattice data define a unique
curve; this means that the renormalization procedure has been able tcerathdependence on
the ultraviolet cutoff for the mid and high momentum regions.

However, we observe in the infrared region sizeable effects due taiiteslittice spacing of
the simulation. In particular, the plots show that large lattice spacing simulatiatesaestimate
the propagator in the infrared region. Moreover, we found that theections due to the finite
lattice spacing are larger than the corrections due to the finite volume of the kttiokation —
for details see [1].

One can ask whether the analysis reported here depends on the rézatiomescale. Usually,
one chooses a renormalization poinin the high momentum region, in order to allow a contact
with the perturbative behaviour. However, choosing a renormalization pothe infrared is also
possible. Here we consider two alternative renormalization pqints 500 MeV andu = 1 GeV
and study how the propagators differ. Note that we only show resultsé@imulations performed
atLa~ 8 fm.

Figures 2 and 3 show that for both renormalization points, the differeincdse infrared
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Figure 1: Comparing the renormalized gluon propagatopuat 4 GeV for various lattice spacings and
similar physical volumes.
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Figure 2: Gluon propagator renormalisedjat= 500 MeV (left) and aju = 1 GeV (right).

region are well beyond one standard deviation. This means that the ddreffes in the infrared
propagator is indeed due to the finite lattice spacing, and not the physicsilzecof the simulation;
this conclusion is independent of the renormalization scale. Thereforelattitacts due to a finite
lattice spacing play an important role in the determination of the infrared balravidhe gluon

propagator in the Landau gauge.
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Figure 3: The gluon propagator renormalisediat 500 MeV (left) and ajt =1 GeV (right) at intermediate

momentum range (top) and up to 5 GeV (bottom).
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2. The gluon propagator at finite temperature

Besides the Landau gauge gluon propagator at zero temperatures @ls@engaged in the
computation of the gluon propagator at finite temperature, in order to uaddrsow temperature
changes the gluon propagator [2, 3].

Finite temperature is introduced on the lattice through the reduction of the telngiticze
size: the simulations are done on Iattid.%x L¢, with Ly < Ls. The temperature is defined by
T=1/alL.

At finite temperature, the gluon propagator is described by two tensotigesc

D2 (q) = 6°° (P}, Dt (t4, @) + P, DL (0, 0)) (2.1)

where the transverse and longitudinal projectors are defined by

0ud aud
Pl = (1—8u4)(1—dya) (5,N - ‘é;) , P, = <5W - ‘azv) —Pl; (2.2)

the transvers®t and longitudinaD, propagators are given by

2
D1(0) = =g | @A) - At @s(-) ) 23)
2
DL =y (1 A 24

The lattice setup is shown in table 2. The finite temperature simulations descrilbieid in
section have been performed with the help of Chroma library [4]; the FFiBfivams have been
done with the PFFT library [5]. For the determination of the lattice spacing wlesfistring tension
data in [6], using the functional form used in [7], in order to have a fionca(f); the fit has a
x?/dof ~ 0.03.

Temp. (MeV) B Ls L af[fm] 1/a(GeV)
121 6.0000 32,64 16 0.1016 1.9426
162 6.0000 32,64 12 0.1016 1.9426
243 6.0000 32,64 8 0.1016 1.9426
260 6.0347 68 8 0.09502 2.0767
265 5.8876 52 6 0.1243 1.5881
275 6.0684 72 8 0.08974  2.1989
285 5.9266 56 6 0.1154 1.7103
290 6.1009 76 8 0.08502 2.3211
305 5.9640 60 6 0.1077 1.8324
305 6.1326 80 8 0.08077 2.4432
324 6.0000 32,64 6 0.1016 1.9426
486 6.0000 32,64 4 0.1016 1.9426

Table 1: Lattice setup used for the computation of the gluon propagatfinite temperature.
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Figure 4: Transverse gluon propagator fer(3.3fm)3 (left) and~ (6.5fm)2 (right) spatial lattice volumes.

The reader should note that the simulation parameters have been carbfiggne such that
we only consider two different spatial physical volumes(3.3fm)3 and~ (6.5fm)3. This allows
for a better control of finite size effects.

In figures 4 and 5 we show our results. In what concerns the trasespeopagator, it decreases
with the temperature for low momenta. Moreover, this component shows finiteneceffects; in
particular, the large volume data exhibits a turnover in the infrared, notatethe small volume
data. The longitudinal component increases for temperatures Bglew270MeV. AroundT,
there is a discontinuity and the propagator decrease3 forT.. The behaviour of the gluon
propagator as a function of the temperature can also be seen in the 3chpletsia figure 6.
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Figure 5: Longitudinal gluon propagator fer (3.3fm)2 (left) and~ (6.5fm)3 (right) spatial lattice volumes.

Figure 6: Longitudinal (left) and transverse (right) gluon propagats a function of momentum and tem-
perature for a- (6.5fm)2 spatial lattice volume.
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Figure 7: Longitudinal (left) and transverse (right) gluon propagdor different spatial lattice volumes at
T=324 MeV.

The reported finite volume effects can be seen in more detail in figure 7témperature of
324 MeV.

A complete analysis should include a study of finite lattice spacing effectsu€bra goal, we
worked out two different simulations, at T=305 MeV, with similar physicduwees but different
lattice spacings. Figure 8 shows that, for this temperature, finite lattice spsftéegs seem to be
under control, with the exception of the zero momentum for the transvensparent.
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Figure 8: Longitudinal (left) and transverse (right) gluon propagdor different lattice spacings (but simi-
lar physical volume) at T=305 MeV.

Our preliminary results at finite temperature are rather similar to previousswerlsee for
example [8] and references therein. We are currently working on aletergnalysis of our data,
towards a better understanding of lattice effects on the gluon propagddéittuteatemperature.
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