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1 Introduction

 Neutron stars are fascinating laboratories for both astrophysics and nuclear 
physics. Traditional neutron star models, developed within the framework of general 
relativity, often employ simplified equation of states (EoS), such as the polytropic 
EoS. These models are useful for constructing well-defined stellar structures and 
studying their general properties. However, when comparing theoretical predictions 
with observational data, it is essential to use realistic EoS based on nuclear 
matter, rather than idealized models, in order to accurately describe the internal 
composition and physical behavior of neutron stars.

 The density functional theory (DFT) 
framework is a powerful tool for 
studying not only finite nuclei but also 
the properties of nuclear matter. It 
provides a density-dependent energy 
functional known as the energy 
density functional (EDF) which can be 
conveniently extended to many-body 
systems. One of the most widely used 
and successful EDF models is the 
Skyrme EDF, which has been 
remarkably effective in describing a 
wide range of nuclear properties.

 Most studies of neutron stars are based on the Tolman-Oppenheimer-Volkoff 
(TOV) equation, which describes hydrostatic equilibrium under the assumption of 
spherical symmetry. However, many observational results indicate that neutron 
stars often rotate rapidly. In this study, we introduce an approach to modeling 
rotating neutron stars using the Komatsu-Eriguchi-Hachisu (KEH) method 
[Monthly Notice. Sup. 237, 355-379 (1989)], which numerically solves Einstein’s field 
equations under the assumption of axial symmetry. We apply this method in 
combination with the Skyrme EDF to incorporate realistic nuclear interactions.

3 Method for Rotating Neutron Star Structure

 ①  Initial Condition from TOV equation

 

 □  Skyrme Energy Density Functional

2 Neutron Star EoS from Skyrme EDF

5 Conclusion

 □  Neutron Star EoS
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4 Numerical Results
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 ② Update Metric Potential using Integral Form
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 ④ Calculate Physical Quantities
 

 □  Density Distribution of Rotating Neutron Star
 

   

 □  M-R Relation at Each Rotation Speed

 □  Astronomical Constraints PSR J0740+6620

 When considering the rotational effects 
of neutron stars, it can be observed that 
both their mass and radius increase 
as the rotational velocity rises. 
Additionally, for higher angular velocities 
relative to the central density, neutron 
stars exhibit significant deformation. 
This deformation affects not only the 
shape of the neutron star but also the 
distribution of density within its interior.
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