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in the framework of the Nambu-Jona-Lasinio model in the W sion (NJL) with repulsive
vector coupling. The EOS for the quark phase using the NJLainwithout coupling vector is
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calculated reaches values greater thish, 2which agrees with recent observational data.
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1. Introdution

Compact stars are complex systems which may contain exatitensuch as hyperons, kaon
condensation, a nonhomogenous mixed quark-hadron phase tleeir core, a pure quark phase
[1].

The quark phase has frequently been described by the sdhévti@tbag model [2, 3] or by
the Nambu-Jona-Lasinio (NJL) model [4, 5]. The NJL modeltaos some of the basic sym-
metries of QCD, namely chiral symmetry. It has been very essful in describing the vacuum
properties of low lying mesons and predicts at sufficienifjhtdensities/temperatures a phase tran-
sition to a chiral symmetric state [6]. However, it is justeffective theory that does not take into
account quark confinement.

The authors of reference [7] have studied the possibleesdst of deconfined quarkmatter
in the interior of neutron stars using the NJL model. Theyld@how that is possible to obtain a
stable compact stars with quark core by introducing a moumecutoff dependent on the chemical
potential. Howerver, even this approach, the maximun mekss than recent observational data
[8]. In order to remedy this problem we suggest the introducof the vector coupling in the NJL
model [9, 10], which makes the EOS stiffer, increasing th&imam mass values.

After a brief introduction about the models of hadronic aedahfined phases, in Sec. 3 we
discuss the star stability and the dependence of the maximass configuration on the vector
coupling constant. In the last section we draw some coraissi

2. Equations of State

We start with the low-density part of the EOS, where the degjd freedom are the nucleons
and hyperons. We work with the relativistic mean-field madeich are fitted to the bulk properties
of nuclear matter and hypernuclear data. We adopt the follpwValecka Lagrangian, which
includes self-interactingr-field:
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where theB-sum is over the baryonic octefjs are the corresponding Dirac fields, whose inter-
actions are mediated by the scalar, w), isoscalar-vector an@, isovector-vector meson fields.
We have used one of choices discussed in literature [11],hictwthe hyperons are negleted.
The value of nucleon-meson couplings 4gg /my)% = 1179 fn?, (gy,/Mw)? = 7.149 fn? and
(gp/mp)2 = 4.411 f?. The couplings in the self-interaction terms of tbefield are given by
b =0.002947 andt = —0.002651. These parameters correspond to the GM1 parantiemiza

To describe the high-density quark matter we use the NJL hvatlescalar-pseudoscalar and
't Hooft six fermion interaction. The Lagrangian densityNJL model is defined by:
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where, in flavor spacey = (u;d;s) denotes the quark fields and th& matrices are generators of
the U(3) algebra. The term= diag(m,, My, ms) is the quark current mass, which explicitly breaks
the chiral symmetry of the Lagrangian, aggl g, andg; are coupling constants.

In this work we consider the following set of parameters {18} = 6314 MeV, gsA\? =
1.829,g/A2 = —9.4, my = my = 5.6 MeV, andmgs = 1356 MeV. The value of the vector coupling
constantg,, is a free parameter because the masses of the vector mesot dictated by chiral
symmetry.

For the composition of matter in the star interior we mustasgtheS-equilibrium and local
electric charge neutrality [1]. We will consider cold mattafter the neutrinos have diffused out
and the neutrino chemical potential is zero.

3. Star stability

We consider the Maxwell construction [13] for the phaseditzon from the hadronic phase
to the deconfined phase. In this case the crossing point battixe hadronic and the quark EOS
in the pressure versus baryonic chemical potential platkenitified the phase transition. At lower
densities (below the transition point) an hadronic phadavigred and at higher densities (above
the transition chemical potential) quark matter is favodedhe Figure 3 we plot the pressure as a
function of the baryonic density for the complete EOS disedsabove. The plateaus represent the
deconfinement phase transition as a consequence of therflestidaxwell construction. As can
be seen from Figure 3 the different values of the vector dogpmonstant, change the behavior
of the plots. The quark EOS becomes softer with decreagiramd the phase transition occurs at
lower densities.

With the complete EOS, we calculate the neutron star cordigunrs solving the Tolman-
Oppenheimer-Volkoff (TOV) equations for a spherically syetric and static star [14, 15]. The
Figure 3 shows the gravitational mass of hybrid stars of tle&imum mass configuration as a
function of (a) the radius and of (b) the central energy faheglue of vector coupling constants
Ov-

The gravitational mass of the hybrid stars is characteriged cusp in the mass versus radius
plot and a plateau in the mass versus central density grapé.plhteau is a consequence of the
Maxwell construction and corresponds to the phase transhietween a pure hadron and a pure
guark phase. The cusp occurs at the onset of the quark phdseiimterior of the star. As we can
see in the Figure 3, in all cases the maximum mass appeargtedtplateau. Therefore, the star
configurations with quark phase core are possibles usingniel.

The influence of vector coupling constagy, on stelar configuration is clear, the value of
maximum mass increasesg§ increases. However, there is a limit of stabilitygp/gs = 0.15.
Both efects mentioned occur because the deconfined EOS becstiffier.
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Figure 1: EOS of hybrid stellar matter: Maxwell construction for atficsder phase transition. Pressure as
a function of the baryon density for different parametii@as of the cutoff.
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Figure 2: The gravitational mass of the hybrid star is plotted as atfanof (a) the star radius and (b) the
central density for different values gj.

4. Summary

We have studied the possibility of formation of stable cootfzars with a quark core using
NJL model including the repulsive vector interaction. Thsuits show that quark core stable in a
hybrid stars is possible if the hadronic and deconfined p&&® are enough soft.

The results obtained including the repulsive vector irtiéoa in this work agree with those
described by Lenzét alin [7]. However, they neglect the vector interaction ternd & obtain a
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stable hybrid star, introduce a rather “ad hoc” dependehtieeccutoff on the chemical potential.
In this approach, the maximun mass is less then recent cltgesral data.

The introduction of a vector coupling constant becomes ifaoed EOS stiffer and leads the
maximum mass to values greater thai.2 which agrees with recent observational data [8]. On
the other hand if ratigy/gs > 0.15 the hybrid stars become unstable.
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