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EQUATION OF STATE OF COMPACT STELLAR OBJECTS: WHITE DWARF & NEUTRON STAR CASES   

OUTLOOK

❑ To understand the properties of nuclear matter under extreme conditions in heavy ion collisions and

astrophysics.

❑ Neutron stars are stellar laboratories of nuclear matter under extreme conditions, thus, understanding the

structure of neutron stars will broaden our knowledge on the behaviour of matter in the quark-gluon plasma

(QGP) formed in heavy-ion collisions.

❑ For this work, we do this by understanding the dependence of the mass-radius and pressure-radius relation

on the relevant equation of state (EoS).

INTRODUCTION TO NEUTRON STARS & EQUATION OF STATE

❑ The equation of state is important as it can be used to describe the behavior of the matter in
a star under extreme conditions.

❑ Recent detection of gravitational waves from a neutron star merger by LIGO and VIRGO, in
2017 and the recent merger of a black hole and neutron star provide parameters to
constrain the Equation of State

Properties of neutron star

❑ Mass- Ranges between  1.18 -2 (Solar Mass) 

❑ Radius- Range between 10- 20 km

❑ Density- ~1017 kg/m3

❑ Number of neutrons~1057 neutrons
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❑ Stellar objects structure equations were derived from
classical mechanics

❑ Spherical geometry was assumed
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❑ Special relativity included so as to account for the contributions of
the interaction energy of the particles that make up the stellar
object
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❑ The task of this project was to understand the mass-radius 
and pressure-radius dependence on various relevant EoS for 
neutron stars.

❑ We managed to derive the relativistic and non-relativistic EoS and 
applied them to white dwarfs before extending them to neutron 
stars.

❑ The mass density of the neutron star; that we calculated, is 
compatible to that of the nucleus.

❑ Provided with sufficient time, one can extend our model to a
non-pure neutron star where we take into account nucleon-
nucleon interaction, inputs from nuclear structure physics so
as to derive more realistic EoS.
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Derived from the:
❑ Fermi gas model of electrons for the white dwarf
❑ Fermi gas model of neutrons for the pure neutron star
❑ Polytrope Equation of state obtained from the Fermi gas model
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EQUATION OF STATE

Constants used: Newtonian and GR corrections 
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