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Introduction

» Neutron Stars, or Compact Stars, are the end result of the stellar
evolution where the initial mass was 8Mg < Minitiar S 25Me;

» We can measure its mass and radius, but not its composition;
» So we construct EoSs that describe properly the nuclear matter
and also reproduce Compact Stars with the masses and radius

that have been measured;

» But are this Compact Stars Hadron Stars, Quark Stars or maybe
Hybrid Stars?
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Maybe Hybrid

The most massive NS we know of: UFSC

> PSR J0740+6620 — M=2.072"9.9%5% M, and radius between
11.41 km and 13.70 km;

» PSR J0952-0607 — M=2.35 £0.17Mg.

According to asymptotic freedom,
the quarks may deconfine at very
high energies or

very high densities.
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Hadronic Matter

Relativistic Mean Field QHD model

To describe the hadronic matter we use the Walecka Model with  JFSC
non-linear terms (NLWM):

Model NL3*wp | Constraints
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1 compressibility (K), and effective nucleon mass (M* /M) in

(L ) LV r L
= 0, — <SR 7mp/)ﬂﬁ" 3
4 2 symmetric nuclear matter, and also symmetry energy (Esym) and

slope of the symmetry energy (L) at ng. The phenomenological
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T /\VgngprﬂwH/)/Lﬁﬂv

constraints are taken from [2] and [3].

Figure: For more details see [1].
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Quark Matter

Modified MIT bag model

= : 1
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where the Dirac spinor ¢4 represents the quark with mass mg, ggqv
the coupling constant, my the mass of the meson and by is a
dimensionless parameter. More details can be found in [4] and [5].

2
We make Gy = (%TVV) and X, = v

Guuv
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Quark Matter

Modified MIT bag model
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Figure: Stability window for the MIT bag model with vector interaction and
different values of Xy.

Carline Biesdorf | Cross-Collserola PhD Meeting in Astrophysics, Cosmology and Particles 2023



Maxwell construction
Constructing the hybrid EoS
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TOV equations

Connecting the microscopic to the macroscopic

This equations are obtained from the Einstein field equations, UFSC
assuming that the star is spherical, static and made of a ideal and
isotropic fluid.
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Mass-Radius Diagrams
Original MIT Bag Model
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Figure: TOV solutions for different values of the Bag within the original MIT
Bag model. The yellow and the green areas represent the constrains given
by PSR J070+6620 and PSR J0952-0607, respectively.
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Mass-Radius Diagrams
Original MIT Bag Model
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Figure: TOV solutions for different values of the Bag within the original MIT
Bag model. The yellow and the green areas represent the constrains given
by PSR J070+6620 and PSR J0952-0607, respectively.
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Mass-Radius Diagrams
Modified MIT Bag Model
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(a) Vector MIT bag model (b) Self-Interacting Vector Field contribution

Figure: The yellow and the green areas represent the constrains given by
PSR J070+6620 and PSR J0952-0607, respectively. For the Self-Interacting
Vector Field (right) we keep Gy = 0.8 fm? and keep B'/#=158 MeV. More
details in [6].
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Work in Progress

What happens when we add Dark Matter to this mix?

» the compact objects may get more or less compact depending
on the mass of the dark matter particle, its interacting strength
and the quantity of dark matter mixed with the ordinary matter;

» the quark matter may appear much earlier;

o

work in
progress
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