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1. Introduction and motivation

The dynamics of QCD generates dynamically a mass for its fundamental quanta. For the
quarks the running mass exceeds by a large amount the contribution due to the Higgs mechanism
for small momenta. Indeed, recent lattice simulations at zero temperature of the Landau gauge
quark propagator [1, 2], taking into account only QCD, show that the running quark mass takes
values of ∼ 320 – 340 MeV at zero momentum for current quark masses below 10 MeV. However,
in a medium where the fundamental fields feel the effects of temperature and density, as occurs in
heavy ion collisions or inside dense stars, the properties observed at zero temperature are changed.
At sufficiently high temperature quarks and gluon become deconfined and a chiral phase transition
is also expected. For example, lattice simulations within pure SU(3) gauge theories show that the
longitudinal component of the Landau gauge gluon propagator at finite temperature is sensitive to
the deconfinement phase transition [3]. Moreover, due to the breaking of the center symmetry, the
propagators in various Z3 sectors differ above Tc [4] and the differences can be used to identify the
transition to the deconfined regime. The sign problem prevents lattice simulations from covering
the full range of realistic chemical potentials µ . The two point correlation functions for the gauge
sector for two-color QCD at finite density were investigated in [5] and some low-momentum gluon
screening at high densities was observed.

The properties of quarks and, in particular, its propagators change with T and µ . Herein, we
report preliminary results for the study of the Landau gauge quark propagator in momentum space,
at finite temperature and for temperatures above and below the deconfinement phase transition,
using quenched lattice simulations. After gauge fixing, we take into account those configurations
that belong to the Z3 sector where the phase of the associated Polyakov loop vanishes. There are
similar studies where the mass function was measured using Wilson fermions [6], non-perturbative
improved Clover fermions [8] and where the quark spectral functions were investigated [7, 9] rely-
ing on particular ansätze. Our study is performed using much larger lattice volumes and looks also
to the bare quark mass dependence of the quark propagator form factors.

2. Quark Propagator at Finite Temperature

The simulations with finite temperature break rotational invariance and, therefore, in momen-
tum space the continuum quark propagator is described by three form factors, namely,

S(pt ,~p) =
1

iγt pt ω(pt ,~p)+ i~γ ·~p Z(pt ,~p)+σ(pt ,~p)

=
−iγt pt ω(pt ,~p)− i~γ ·~p Z(pt ,~p)+σ(pt ,~p)
p2

t ω2(pt ,~p)+(~p ·~p) Z2(pt ,~p)+σ2(pt ,~p)
. (2.1)

In the results reported below, we use non-perturbative improved Clover fermions [10] and consider
rotated sources [11]. Furthermore, in the analysis of the lattice data we assume that the simulations
are close to the continuum and compute the ω(pt ,~p), Z(pt ,~p) and σ(pt ,~p) form factors relying on
Eq. (2.1). On the lattice given that the boundary conditions for fermions are periodic in the spatial
directions and anti-periodic in time, the momenta ~p and pt assume discrete values

pt =
2π

Lt

(
n+

1
2

)
and pi =

2π

Ls
n , where n = 0, 1, 2, . . . (2.2)
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T(MeV) β L3
s ×Lt κ mbare (MeV) csw

243 6.0000 643 ×8 0.1350 10 1.769
0.1342 53

260 6.0347 683 ×8 0.1351 11 1.734
0.1344 51

275 6.0684 723 ×8 0.1352 12 1.704
0.1345 54

Table 1: Lattice setup.
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Figure 1: Bare ω , in lattice units, for the various ensembles and for the various Matsubara frequencies.

Further, the “continuum” form factor is given by Zc(pt ,~p) = Z(pt ,~p)/ω(pt ,~p) and the running
quark mass by M(pt ,~p) = σ(pt ,~p)/ω(pt ,~p).

In the current work, these form factors are computed for temperatures around the critical tem-
perature, taken as the critical temperature above which the gluons become deconfined for pure
Yang-Mills Theory, i.e. Tc ≈ 270 MeV. The lattice setup used in the simulations is described in
Tab. 1, where each ensemble has one hundred gauge configurations.

The quark propagator is computed inverting the fermionic matrix for 2 point sources. The
values used for csw and the critical hopping parameter κc are computed from [12]. In Tab. 1 the
bare quark mass is given by mbare = (1/κ −1/κc)/2a, where a is given in [3], and our simulations
consider mbare ≈ 10 MeV or 50 MeV.
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3. Results and Conclusions

In order to suppress lattice effects we have applied momentum cuts as described in [13, 3]. For
those quantities defined by ratios of lattice functions, as Zc and M, we have ignored all the points
whose statistical error was larger than 50% — this option explains the lack of data points in some
of the following plots.

In Fig. 1 we report the bare ω(pt ,~p) for all Matsubara frequencies for the heaviest mass con-
sidered. For the lightest quark mass only the lowest Matsubara frequency is shown. The plot shows
a general trend observed for all simulations: the function associated with the lightest bare quark
mass have large fluctuations and, therefore, large statistical errors below the deconfinement phase
transition, while above the deconfinement phase transition the statistical fluctuations become sim-
ilar for both quark masses. Furthermore, at sufficiently high momenta no significative difference
between the functions associated to the Matsubara frequencies is seen.

In Fig. 2 the bare Zc(pt ,~p) is reported. Note that no lattice artefacts have been subtracted.
Below Tc, we observe significant statistical fluctuations associated with the lightest quark mass.
Above the deconfinement temperature the lattice data for the lightest quark mass also shows oscil-
lations that deserve further study. The function Zc(pt ,~p) seems to approach a constant for sufficient
large momenta. The not so good agreement between the results for the various Matsubara frequen-
cies at high momenta are a possible indication of the breaking of the O(4) symmetry, the use of
finite lattice spacing and/or finite volume effects.

In Fig. 3 we show the running mass for the various simulations. Note that no removal of the
lattice artefacts is performed and that is why the data are shown only up to p = 1.5 GeV. For higher
momenta the corrections to the use of finite lattice spacing are rather large, making the raw lattice
data for the running mass meaningless - see e.g. the discussion and references in [2]. The data
shows a M(p4,~p) that decreases with the temperature. This effect is illustrated in Fig. 4, where
we report M(pt ,~p = 0) for the smallest value of pt for each of the simulations. As we cross the
deconfinement temperature, the blue vertical line on the plot, the value of M becomes about half
of its values below Tc. Note, however, that M is always much larger than the bare quark mass, and
although the data suggests a decreasing M(T ) it can cannot be viewed as an indication of the chiral
symmetry restoration.
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Figure 2: Bare Zc(pt ,~p) for the various simulations.
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Figure 3: Running quark mass M(pt ,~p) for the various simulations. Note that we ignored data points with
large errors — see text for details.
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Figure 4: M(pt ,~p = 0) for the smallest pt for the various ensembles.
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