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We investigate the modifications of mesonic properties intartedium having in mind to use the
mesonic modes as a tool to analyze the restoration of chichbaial symmetries in the context
of the SU(3) Polyakov—Nambu—Jona-Lasinio (PNJL) modele Tésults lead to the conclusion
that the effects of the Polyakov loop are fundamental foradpcing lattice findings. It is found
that the restoration of chiral symmetry in the PNJL modelosin a small range of temperature
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well the lattice results arourtl/ TX ~ 1.0.
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The study of the modifications of particles propagating io&dn dense matter is an interesting
tool to investigate the restoration of chiral and axial sysinies. Understanding the restoration of
symmetries and deconfinement, which are expected to occlar @xtreme conditions (high den-
sity and/or temperature), and, more recently, the possiloldval of bound states in the deconfined
phase of QCD, is a challenging problem [1, 2].

In Ref. [3] the study of meson properties, in the SU(2) secmund the critical region, was
performed in the framework of the modified Nambu—Jona-Liasimodel including the Polyakov
loop (the so-called PNJL model) [4, 5, 6]. The inclusion af olyakov loop is fundamental for
reproducing lattice data concerning QCD thermodynamitsoféce it originates a suppression of
the unwanted quark contributions to the thermodynamicsvbéie critical temperature.

In this paper, we generalize the investigation to the SUEBJm. Since the scalar mesons
(o, fo, @ andK{) can be considered as chiral partners of the pseudoscalet (o n’, m° andK),
it is interesting to see how the Polyakov loop affects thealoein of these mesons, having in mind
the investigation of effective restoration of chiral symnirge

The flavor mixing induced by the presence of the axial anoroalises a violation of the OZ|
rule, both for scalar and pseudoscalar mesons, hence tbeatémn of axial symmetry should have
relevant consequences on the phenomenology of the mesaxiimgnangles, as well as on the
topological susceptibility.

We perform our calculations in the framework of an extendg@3$%PNJL Lagrangian, which
contains the 't Hooft instanton induced interaction terat threaks the W(1) symmetry [7]:

_ T A A _
LonaL = Aiy*Dy— Mg+ 588 3 [(GA%a)” + (qivsA*a)’]
a=0

+ gp {det[q(1+5) o] + det|q(1— y5) g} — % (P, D;T). (1)

The Polyakov loop is an order parameter for the restoratfdheZs (the center of SL[3))
symmetry of QCD and is related to the deconfinement phassitian Z is broken in the decon-
fined phase® — 1) and restored in the confined ore - 0) [8].

We start our study by analyzing the masses of the strange@mndtrange quarks as functions
of the temperature (on Fig. 1 the dressed quark madggs 2Vs and M, 4+ Ms are displayed).
We verify that the mass of the light quarks drops to the curgerark mass, indicating a smooth
crossover from the chiral broken to an approximate chiraimmgtric phase. This dropping is more
pronounced in the PNJL model than in the NJL one. The strangekagnass presents a very similar
behavior, with a significant decrease above the chiral iliansemperaturé'cx , however its mass is
still far away from the strange current quark mass. As ushighicsymmetry shows a slow tendency
to get restored in the strange sector, however this tendsrfagter in the PNJL model. As in the
NJL model [9], oncan, = my < mg, the (sub)group SU(2»SU(2) is a much better symmetry of
the Lagrangian (1).

Nevertheless, the fact that the masses of the quarks drtgy fasundT in PNJL model is
important for the mesonic properties (for example it coulodify the survival of mesonic bound
states in the plasma phase). Besides, due to the strangsmgsat of some mesons, the behavior
of the strange quark (modified by the Polyakov loop) is imgairfor their properties, as well as
for other observables related to the axial anomaly (as enbtilc [12], topological susceptibility is
strongly influenced by the strange sector).
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Figure 1: Comparison of the pseudoscalar and scalar meson massegln(fii¢k lines) and NJL (thin
lines) models as functions of the reduced temperafyf&X. In the upper panel thay (dashed line)o
(dot-dashed line) and it (continuous lines) are shown, together witkl 2(dotted lines). In the middle
panelfy (dashed line) and’ (continuous line) are shown and compared withs2dotted line). In the lower
panel thex (dashed line) an# (continuous line) masses are compared With+ Ms (dotted line).

Let us now analyze the behavior of the mesons in connectitin passible restoration of
symmetries. It can be seen in Fig. 1 (upper panel) that thmerar (T, 0) and (7,a9) become
degenerate at almost the same temperature. In both moisldehavior indicates the effective
restoration of chiral symmetry in the non-strange sector.

On the contrary, thg’ and fo masses (Fig. 1 middle panel) do not show a tendency to caaverg
in the region of temperatures studied, a behavior that tefthe fact that chiral symmetry does not
get restored in the strange sector. Finally, we focus oxthgeson (lower panel): it is always an
unbound, resonant state and, as the temperature incréasesls to become degenerate in mass
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with the K-meson, but at larger temperatures (of the order off.En PNJL, and higher in NJL).

In summary, the masses of tbeandn (that become less strange as the temperature increases and
the mixing in the strange sector decreases) converge,atesgg with those of the non-strange,

m° andag. The convergence of the chiral partnersandK (Fig. 1 lower panel), that have s ~
structure, occurs at higher temperatures and is probablyesl down by the small decrease of the
strange quark mashs.

Concerning the axial symmetry, its effective restoratibnudd be signaled by the vanishing
of the observables related to the anomaly, like the gap ltwlee masses of the chiral partners
of the Ua(1) symmetry, and the topological susceptibility. For wbahcerns the observables here
analyzed, we notice that although both models exhibit ageoyl to a decrease of the anomaly
effects, the restoration of the axial symmetry is not adtdevthe masses of the partners rf)
and (,ap) although getting close at high temperatures, do not cgevewe also verify that the
mixing angles do not reach the ideal values [10]. This is etquesince, in the framework of the
NJL model, it has been shown that only with additional asgionp (for example, by choosing a
temperature dependent anomaly coefficient [9] or using alaegation where the cutoff goes to
infinity at T £ 0 [12]) the restoration of the axial symmetry can be achieved

We point out that the new feature of the PNJL model is that #s¢ef decrease of the quark
condensates leads to a faster partial restoration of ctyraimetry. In addition, although the axial
chiral partners do not converge, in PNJL model the masses, gf)y (become closer than in NJL, as
well as those ofd@,ap). This is an indication that, although axial symmetry is restored in the
range of temperatures studied, the tendency to the posetilaration of this symmetry is faster in
the PNJL model.

We also derive the topological susceptibilipy,(Fig. 2), that is far away from being zero in
both models. However, it is interesting to notice that theJPMalculation nicely reproduces the
first lattice points, namely the rather steep drop arotfidwhile this is not verified in the NJL
model. Although restoration of axial symmetry is not ackihvthis behavior of the topological
susceptibility indicates that the PNJL model shows a mavequnced tendency for the restoration
of the axial symmetry.
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Figure 2: Topological susceptibility as a function of the reduced penatureT /T for the PNJL (left
panel) and the NJL (right panel) models.
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