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In the framework of nonlocal SU(2) chiral quark models withlykov loop, we analyze the

dependence of the deconfinement and chiral restoratiaoatriemperatures on the explicit chi-
ral symmetry breaking driven by the current quark mass. @sults are compared with those
obtained within the standard local Polyakov-Nambu-Joaaktio (PNJL) model and with lattice

QCD calculations. For a wide range of pion masses, it is faiad both deconfinement and
chiral restoration critical temperatures turn out to bersgty entangled, in contrast with the cor-
responding results within the PNJL model. In addition, iséen that the growth of the critical

temperatures with the pion mass above the physical poistsigally linear, with a slope parame-
ter which is close to the existing lattice QCD estimates. l@ndther hand, at the mean field level
one finds an early onset of the first order transition expeiotéue large quark mass limit.
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1. Formalism

Our starting point is the SU(2) quark model described in Réf.a nonlocal extension of the
NJL model that includes wave function renormalization (WBRthe quark fields, and in which
quarks are coupled to a background color field. We work in teamfield approximation (MFA),
and use the Matsubara formalism to consider finite temperakithin this framework the MFA
thermodynamical potential reads
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HereM(p) = Z(p) [mc+ 01 g(p)] andZ(p) = [1— a2 f(p)]*, whereg(p) and f(p) are nonlocal
form factors, andr; ando, are the mean field values of scalar fields introduced aftesarbpation
of the fermionic theory. We have also definé;nﬁr))2 = [(2n+)IT + @)* + P2, with g g =

+@+ @/V3, @ = —2@/\/3, whereg; andg parameterize the traced PL according to

b= 1 [exp( \% %> +2 exp(\/_ (_?) COS((R:;/T)} 1.2)

Regarding the PL effective potentiat (®, ®*, T ) we consider two alternative functional forms:
A polynomiar one based on a Ginzburg-Landau ansatz; andaaitiognic expression of the Haar
measure associated with the SU(3) color group integrafthn |

In addition, we use the same prescription as e.g. in Refo[8qularizeQVFA.

The mean field values; » andg; g can be obtained from a set of four coupled “gap” equations
that follow from the minimization of the real part of the régnzed thermodynamical potential,
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Once the mean field values are obtained, the behavior of ogh@rant quantities as functions
of T can be determined. We concentrate in particular in the Ichuark condensatéqq) =
IQNE" /dme, which together with the modulus of the Polyakov lo@pj will be taken as order
parameters of the chiral restoration and deconfinemensitiams, respectively. The associated
susceptibilities will be defined ggong= d{(qq)/dT and xp. = d|®|/dT.

In order to fully specify the model under consideration weehto fix the model parameters,
Gs, kp andm, as well as the form factogq) and f (q) that characterize the nonlocal interactions.
Here we consider the parameter sets 1 and 2, which correspaeds B and C from Ref. [4].

2. Results

We want to study the dependence of nIPNJL model predictiarie@amount of explicit chiral
symmetry breaking. This can be addressed by varying themuquark massl, while keeping
the rest of the model parameters fixed at their values at tlgsigdi point. As a first step we
analyze the corresponding behavior of the pion mass ang @ecetant at vanishing temperature,
in comparison with that obtained in the local NJL model anthttice QCD (Fig. 1). While lattice
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Figure 1: m2/m (left) and fr (right) atT = 0 in local and nonlocal models. Lattice results from Ref. [5]
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Figure2: Order parameters (top) and susceptibilities (bottom) astfans ofT for some values of the pion
mass (Set 2). Left (right) panels correspond to the polyedfogarithmic) Polyakov potential.

results for the ration?,/m are in agreement with both local and nonlocal models, thasg,fshow

a significant increase witi;; that can be reproduced only by the predictions of nonlocaletso
We turn to analyze the mass dependence of the critical tanpes ajt = 0. We have found

that, contrary to the case of the local PNJL model, in nIPN&idets bothT, turn out to be strongly
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Figure 3: Critical temperatures as functions of; for PNJL and nIPNJL models, considering polynomic
(left) and logarithmic (right) PL potentials. Dashed (e@wf} lines correspond to chiral restoration (decon-
finement)T.. For the nIPNJL models with a logarithmic potential, botimsitions occur at the sariie and
they can be of first order (solid lines) or proceed as a smawoigsover (dashed-dotted lines).

entangled for the considered rangenof (Fig. 2). In addition, the growth of; with m; above
the physical point is basically linear (Fig. 3), with a slgmrameter in the range of@b— 0.07,
which is close to existing lattice QCD estimates(.05 [6]. This can be contrasted with the results
obtained within pure chiral models, where one finds a stromgease of the chiral restoration
temperature withm; [7, 8]. For example, within the model of Ref.[8] one gets aueabf 0243.

3. Conclusions

We found that nIPNJL predictions as functions of the amodnthiral symmetry breaking
show good agreement with LQCD results for pion propertie at 0 as well as for the growth
of Tc with my;. On the other hand, particularly in the case of the logarithRL potential, this
calculation leads to a too early onset of the first order ttimmsknown to exist in the large quark
mass limit. We expect that the development of a fully nonpéstive scheme to account for meson
fluctuations in nonlocal models might help to solve this o
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