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We study the so called hybrid stars, which are hadronic stetscontain a core of deconfined
quarks. For this purpose, we make use of an extended verstha 8U(3) chiral model. Within
this approach, the degrees of freedom change naturally fradnons (baryon octet) to quarks
(u, d, s) as the temperature and/or density increases. Atteemperature we are still able to
reproduce massive stars, even with the inclusion of hygeron

Xl International Symposium on Nuclei in the Cosmos
August 5-12, 2012
Cairns, Australia

*Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Modeling Hybrid Stars Jirina Stone

20 .
— symmetric matter

| — neutron star matter
150~ -
% | A
é 100~ -
— | A
50 =

0 | | | ‘ | | | |
0 500 1000 1500 200C

Hg (MeV)
Figure 1. QCD Phase Diagram: Temperature versus baryon chemicalt@ite

1. Introduction and Model Description

In the center of compact stars the density can reach seVmed the nuclear saturation den-
sity. At such extreme conditions, the baryon chemical pakis high enough for nucleons to be
converted into hyperons. In addition, QCD calculationsehslvown that those densities are high
enough for the hadrons to be deconfined into quarks [1]. Bwthoirk we are going to consider that
neutron stars are actually hybrid stars composed of hadwamsunding a core of quark matter.

To describe these stars, we are going to use an extendedrvefghe hadronic SU(3) chiral
model that also contains quarks [2]. We are further goings® thhe mean-field approximation
in which all particles contribute to the global mean-fieltenactions and are in turn affected by
them. In this model the order parametersand @ signal chiral symmetry restoration and quark
deconfinement, respectively. Both transitions are expectdappen at high densities and/or tem-
peratures.

Fig. 1 shows a phase diagram obtained from analyzing thevlmehaf the order parameters.
The first order phase transition line ends in a critical pbegond which the transition becomes a
crossover in accordance with lattice QCD constraints [3je Wifferent lines correspond to sym-
metric matter (same number of protons and neutrons) andamestiar matter (in beta equilibrium
and charge neutral). For the first case, the nuclear majigdigas phase transition is also shown.
The potential for the deconfinement order paramétes an extension of the Polyakov loop po-
tential [4] modified to also depend on baryon chemical paéntn this way the model is able
to describe the entire QCD phase diagram, including the lodvzero temperature part which is
relevant for compact star physics.

Within the model described above, the baryon and quark reassegenerated by the scalar
mesons, whose mean-field values correspond to the isogcaland isovector §) light quark-
antiquark condensates as well as the strange quark-arkiqoadensate(). In addition, there is
a small explicit mass teriily and the term containing

M3 = 0850 + 05730 -+ G { + Mog + Oso®?, (1.1)
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Figure 2: Normalized effective mass versus baryon chemical poteotiagtar matter at zero temperature.

Mg = 8g0 0 + 945730 + 9g¢ ¢ + Mo, + Jqoo (1 — @), (1.2)

where the coupling constant values can be found in Ref. [2].

With the increase of density/temperature, ¢higeld (non-strange chiral condensate) decreases
from its high value at zero density, causing the effectivasea of the particles to decrease towards
chiral symmetry restoration. The fietd assumes non-zero values with the increase of tempera-
ture/density and, due to its presence in the baryons eféentiass, suppresses their presence. On
the other hand, the presence of théield in the effective mass of the quarks, included with a neg-
ative sign, ensures that they will not be present at low teatpees/densities. This can be clearly
seen at Fig. 2 where the normalized effective mass (quagktafé masses are multiplied by 3) is
shown for star matter at zero temperature.

2. Results and Conclusions

For more realistic star calculations we assume that chaegéality is globally conserved.
This means that hadronic and quark phases don’'t neceskaviéyto be charge neutral when sep-
arated, but can also be charge neutral when combined. Asilh r@snixed phase appears. Fig. 3
shows the particle population for star matteifat 0. As the baryon chemical potential increases,
the neutrons convert to protons and electrons (for chargeaiity), followed by muons and Lamb-
das. All the other hyperons are suppressed by the appeapétive quarks. First up and down
quarks slowly appear and later the strange quark. The anuwaiéctrons present in the system
is substantial in the hadronic phase, but not in the quarlsghas the down quarks take care of
balancing the positive charged particles.

Finally, we plug in our equation of state into the Tolman QpupeEmer Volkoff equations [5, 6],
the solution of Einstein’s equations for the specific casgpbkrical, isotropic, static stars. For each
possible central density we obtain a respective star mabsaalius as shown in Fig. 4. The two
different lines represent pure hadronic and hybrid staiighithis model pure quark stars are not
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Figure 3: Particle population versus baryon chemical potential far s)atter at zero temperature.

stable, only pure hadronic or hybrid stars. | the case ofithdiars, they can contain up to 2 km of
"mixed" matter.

In conclusion, our model is suitable for the description efitnon stars. We predict stars as
massive as the most massive pulsar observed (PSR J16142238 mass of 87+ 0.04 M®).
The predicted radii also lie in the allowed range being jically the same for hadronic or hybrid
stars. We were also able to be in good agreement with dataung the cooling behavior of
hybrid stars [7] and heavy ion collision data [8].

A major advantage of our work compared to other studies ofitiygiars is that because we
have only one equation of state for different degrees ofifseewe can study in detail the way in
which chiral symmetry is restored and the way deconfinemeaiirg at high temperature/density.
The model additionally shows a realistic structure of thagghtransition over the whole range of
chemical potentials and temperatures as well as phenoogoally acceptable results for satu-
rated nuclear matter.
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