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The phenomenon that originates gamma ray bursts (GRBs) remains undefined. In this

work the conversion of a hadronic star into a quark star is discussed as one of the possible
causes of GRBs. Effective models are used to describe the compact stars and to obtain

their equations of state. Macroscopic properties, such baryonic and gravitational masses,

of both types of stars are then obtained from the solution of the hydrostatic equilibrium
equations. The relation between this values allows to calculate the amount of energy

possibly released in this process. The obtained results are then compared to actual GRB

observational data, and are within the observational order of magnitude.
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1. Introduction

Gamma ray bursts (GRBs) are high energy events, known as the brightest electro-

magnetic events that occur in the universe. They can be distinguished mainly by

their duration and released energies in long (LGRBs) and soft (SGRBs) gamma ray

bursts. The total energy released in the first few hundred seconds by LGRBs is of

the order of 1053erg, which is about two orders greater than seen in SGRBs.

Despite many proposed candidates, the phenomenon (or phenomena) that orig-

inates GRBs remains undefined. Not long ago1 it was proposed that GRBs could

be a manifestation of a phase change, from a hadronic to a quark phase inside neu-

tron stars. This idea is derived from the Bodmer-Witten hypothesis,2 which states

that the ground state of matter is the deconfined quark phase under conditions of

extreme densities, giving rise to the possibility of pulsars as strange stars, consisting
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solely of quarks and leptons. In this work the conversion of a hadronic star into a

quark star is discussed as one of the possible causes of GRBs.

2. Formalism

A brief summary of the models used in our calculations is given in this section. The

nonlinear Walecka model3 (NLWM) and the MIT bag model4 are used to describe,

respectively, the hadronic and the quark phase. A non-interacting lepton gas is

included in both descriptions to guarantee the charge neutrality and β equilibrium

conditions. Also, the stars are assumed to be at T = 0.

2.1. Nonlinear Walecka Model

The lagrangian density of the NLWM is given by

L =
∑
B

ψ̄B

[
γµ

(
i∂µ −M + gsBφ− gvBV µ − gρBt ·~bµ

)]
ψB

− 1

2
m2
sφ

2 +
1

2
m2
vVµV

µ +
1

2
m2
ρ
~bµ ·~bµ

+
1

2
∂µφ∂

µφ− 1

3
κφ3 − 1

4
λφ4 − 1

4
ΩµνΩµν − 1

4
~Bµν · ~Bµν ,

(1)

where the sum
∑
B extends over the considered baryons, mi and giB stands for the

meson i = s, v, ρ mass and the coupling constant of this meson with the baryon B,

respectively. The isospin operator is represented by t. The φ field self-interaction is

considered (Boguta-Bodmer terms), κ and λ stands for their coupling constants.

The calculations are made for hadronic matter constituted (i) only by nucleons

and (ii) by the eight lightest baryons. The free parameters of the model are chosen

to produce larger masses for the compact star when hyperons are considered, and

the three sets selected are NL3,5 NL16 and GM1.7

2.2. MIT Bag Model

The MIT bag model has been widely used to describe quark matter. This model

considers the free quarks inside a bag (represented by the constant B). The ther-

modynamic properties are derived from the Fermi gas model, so the EoS are

ε =
3

π2

∑
q

∫ pf

0

dpp2
√
p2 +m2

q +B, (2)

P =
1

π2

∑
q

∫ pf

0

dp
p4√

p2 +m2
q

−B, (3)

where q = u, d, s, mq are the masses (mu = md = 5.5 MeV, ms = 150.0 MeV)

and pf = 3
√

3π2ρq is the Fermi momentum of the quark q. Two bag values are
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chosen, B
1/4 = 148 MeV and B

1/4 = 156 MeV. These values are, respectively, at

the bottom and in the middle of the stability window presented in Ref.8

3. Results and Discussion

The EoS given by the effective models are input information to the Tolman-

Oppenheimer-Volkoff equations for relativistic hydrostatic equilibrium (TOV).9

Macroscopic properties, such baryonic and gravitational masses, are then obtained

from the solution of the TOV and the results are plotted in Fig. 1.

Fig. 1. Baryonic versus gravitational mass for (i) nucleon-only neutron stars and quark stars and

(ii) for hyperonic neutron stars and quark stars.

The baryonic mass conservation is taken here as the analogous of the baryonic num-

ber conservation, and is assumed during the conversion process. Thus, the released

energy in such processes can be easily calculated from the well-known mass-energy

relation, where the gravitational masses of the initial (neutron) an final (quark) star

are taken for the same baryonic mass. This energy can be given by

∆E = (Mns −Mqs)× 17.88× 1053erg, (4)

where Mis stands for the mass of the i = n, q star, in M� units. In Fig. 2 we show

the released energy during the possible conversion of neutron stars described by all

the three parameter sets of the NLWM, with and without the hyperons, to the two

quark stars considered.

4. Conclusion

To all chosen parameter combinations, the released energy of the conversions are

of the order of 1053erg, what leads us to conclude that the considered hypothesis

of the conversion of a hadronic star into a quark star as one of the possible causes

of LGRBs is reasonable. However, a best choice of parameters is still necessary,

considering that the results are highly model-sensitive.
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Fig. 2. Energy released in the conversion of (i) nucleon-only neutron stars to quark stars (qs
MIT-148), (ii) hyperonic neutron stars to quark stars (qs MIT-148), (iii) nucleon-only neutron

stars to quark stars (qs MIT-156) and (iv) hyperonic neutron stars to quark stars (qs MIT-156).
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