arXiv:1307.2112v1 [nucl-th] 8 Jul 2013

Compact Stars in the QCD Phase Diagram III (CSQCD III) December 12-15, 2012, Guarujá, SP, Brazil

http://www.astro.iag.usp.br/~foton/CSQCD3

Phase structure of hadronic and Polyakov-loop extended NJL model at finite isospin density

Rafael Cavagnoli^{1,2} Debora P. Menezes^1 and Constança Providência^3

1Departamento de Física, Universidade Federal de Santa Catarina, Florianópolis, CP. 476, CEP 88.040-900, Brasil

2Instituto de Física e Matemática, Universidade Federal de Pelotas, CP. 354, CEP 96001-970, Pelotas, Brasil

3Centro de Física Computacional, Department of Physics, University of Coimbra, P3004-516 Coimbra, Portugal

1 Introduction

It is believed that there exists a rich phase structure of quantum chromodynamics (QCD) at finite temperature and baryon density, namely, the deconfinement process from hadron gas to quarkgluon plasma, the transition from chiral symmetry breaking phase to the symmetry restoration phase, and the color superconductivity at low temperature and high baryon density. In the present work we study the hadronquark phase transition by investigating the binodal surface and extending it to finite temperature in order to mimic the QCD phase diagram [1]. In order to obtain these conditions we use different models for the two possible phases, namely the quark and hadron phases. The phase separation boundary (binodal) is determined by the Gibbs criteria [2] for phase equilibrium. The boundaries of the mixed phase and the related critical points for symmetric and asymmetric matter are obtained. Isospin effects appear to be rather significant. The critical endpoint (CEP) [3] and the phase structure are also studied in the Polyakov-loop extended Nambu-Jona-Lasinio model.

2 Formalism

The deconfinement hadron-quark phase transition can be studied within the framework of a two-phase model where the equations of state (EoS) for the hadron and quark phases are built using two different models. For the hadronic asymmetric matter we have used the relativistic non-linear Walecka model (NLWM) [4]. In this model the hadrons are coupled to a neutral scalar σ, isoscalar-vector ω^μ and isovector-vector ⃗ρ^μ meson fields. The Lagrangian density used in the hadron phase and also the EoS for the quark phase (the MIT bag model + gluons) are presented in reference [1].

Due to limitations of these simple models, some features of the QCD phase diagram can be studied using the Nambu-Jona-Lasinio model (NJL), a quark model which describes the correct chiral properties not present in the MIT bag model. By introducing static gluonic degrees of freedom in the NJL model through an effective gluon potential in terms of Polyakov loops it is possible to study features of both chiral symmetry breaking and deconfinement in the PNJL model. For more details on the Nambu-Jona-Lasinio model coupled to the Polyakov Loops (PNJL) see reference [5].

3 Results and Conclusions

Figures 1 and 2 show the two-phase model results while the preliminary results for the PNJL model are shown in figure 3, for the two flavor case.

Figure 1: The binodal surface and the particle population in the two-phase model. We have used the NL3 parameter set for the Walecka model and for the MIT model we have used B^{1/4} = 190 MeV for the bag constant. Hyperons are also included with zero total strangeness.

Figure 2: Particle population and the binodal surface in the two phase model.

Figure 3: The quark masses, the Polyakov loop field Φ and the quark condensate as a function of the temperature at zero chemical potential.

With a very simple quark model (MIT) one can obtain interesting results as seen from the figures 1 and 2 in its simplest form - the SU(2) sector. In fig. 1 (a) one sees the binodal surface projected onto the {α, P } plane for different temperatures, where α and P are the asymmetry parameter and the pressure, where the asymmetry parameter takes into account the isospin of the system. It is possible to see the change of binodal shape with temperature. The enclosed area becomes smaller when temperature is increased until T_c, where the two lines combine to a single line at constant pressure. For the bag parameter between B^{1/4} = 190 − 210 MeV, T_c lies between 150−170 MeV. Figure 1 (b) shows the projection of several binodal branches at different α onto the {n_B, T } plane. At zero baryon density (zero chemical potential) the hadron-quark phase transition temperature lies between T = 150 − 170 MeV, within the expected range. Figure 1 (c) shows the particle population for a simple case, showing the onset of π^− condensation. The particle population including the hyperons from the baryon octet is shown in fig. 1 (d), considering zero net strangeness in both phases.

Using the NLρ parameter set for the hadron EoS one sees from figs. 2 (a) and 2 (b) the indication of an interesting region where the phase transition probably occurs and can be probed by intermediate energy heavy-ion collisions. This region is located in the range n_B = 2 − 4n_0 and T = 50 − 65 MeV where some calculations indicate the existence of the critical point.

Some of the preliminary results using the PNJL model for the SU(2) sector are presented in figures 3 as the quark masses, the Polyakov loop field Φ and the quark condensates as a function of the temperature at zero chemical potential. The chiral phase transition takes place at 170 MeV for a given parametrization according to fig. 3 (a). From figures 3 (a) and (b) it is possible to see that the Polyakov loop field and the quark condensate vary continuously with temperature at μ = 0 and there exist sharp increase (decrease) at high temperatures. A similar behavior is observed in the pressure and entropy curves, a sharp increase near the transition temperature saturating at the corresponding ideal gas limit at higher temperature.

4 Acknowledgments

We are grateful to Pedro Costa for providing us part of the Fortran code.

References

[1] R. Cavagnoli, C. Providência and D. P. Menezes, Phys. Rev. C 83, 045201 (2011).

[2] L. D. Landau and L. Lifshitz, Statistical Physics, Pergamon Press, Oxford, 1969;

H. Müller, Nucl. Phys. A 618, 349 (1997).

[3] M. A. Stephanov, Prog. Theor. Phys. Suppl. 153, 139 (2004); Int. J. Mod. Phys.

A 20, 4385 (2005); R. Casalbuoni, hep-ph/0610179, and references therein.

[4] B.D. Serot and J.D. Walecka, Adv. Nucl. Phys. 16 (1986) 1.; J. Boguta and A.

R. Bodmer, Nucl. Phys. A 292, 413 (1977).

[5] P. Costa, C. A. de Sousa, M. C. Ruivo and H. Hansen, Europhys. Lett. 86, 31001 (2009); Pedro Costa, Maria C. Ruivo, Célia A. De Sousa and Hubert Hansen, Symmetry 2, 1338 (2010).