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Introduction Neutron Star EoS from Skyrme EDF
Neutron stars are fascinating laboratories for both astrophysics and nuclear Skyrme Energy Density Functional
physics. Traditional neutron star models, developed within the framework of general
relativity, often employ simplified equation of states (Eo0S), such as the polytropic H=F+Ho+Hsz+ Hegr + Hin + Hgo + Hg + Heou (Lo X, are fitted parameters)
EoS. These models are useful for constructing well-defined stellar structures and 1
studying their general properties. However, when comparing theoretical predictions Ho = Zto[(z + x0)p? — (2x0 + 1) (p3 + p3)|
with observational data, it iIs essential to use realistic EoS based on nuclear 2 = L, “[(2+ x3)p? — (225 + 1)(02 + p2)|
matter, rather than idealized models, in order to accurately describe the internal 3 = g4 t3p (2 4 x3)p" = (2x3 4+ D(pp + pi)
composition and physical behavior of neutron stars. Hotr = %[tl(Z +x1) 4 t,(2 + x)]tp + % [t2 (22, + 1) — t,(2x1 + D](t,0p + Tnpn)
" — T — T .
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Pl Bo0tG . == :0— framework is a powerful tool for a0 =1W0U-Vp Vo, + ] Vp.,
| e = studying not only finite nuclei but also 2 h P ; .
10712 = 107 G the properties of nuclear matter. It Hso = =7 (trx1 + £225)]% + = (t1 = t)|J% + J3]
provides a density-dependent energy
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conveniently extended to many-body
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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

\ Density' /

By making assumptions about the structure of each
region within the neutron star and extending the
theory or combining it with other models, we can

stars often rotate rapidly. In this study, we introduce an approach to modeling / ; \ construct an EoS for neutron stars based on the
rotating neutron stars using the Komatsu-Eriguchi-Hachisu (KEH) method & Outer Core Skyrme EDF. In this study, our goal is to investigate
[Monthly Notice. Sup. 237, 355-379 (1989)], which numerically solves Einstein’s field n+p+e +pu" systematic trends that emerge from rotation. To this

equations under the assumption of axial symmetry. We apply this method In end, we adopt the Baym-Pethick-Sutherland (BPS)

combination with the Skyrme EDF to incorporate realistic nuclear interactions. g ¢ Inner Core EoS for the crust and use an npeu composition for
8 AL E(?) the core, while neglecting the presence of exotic
i " Quark Matter (?) components such as hyperonic matter or quark
Method for Rotating Neutron Star Structure - / maﬂzr 1 the iNNer core. o -
@ Initial Condition from TOV equation @ Update Metric Potential using Integral Form

Metric
ds? = —e?Vdt? + e? dr? + r2d0? — r?sin? 0 d¢?

Metric
ds? = —eVY*Pdt? + e?%(dr? + r?d0?) + eV Pr?sin? 0 (d¢ — wdt)?
Einstein Equation
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Initial Metric Potential (y, p, a, )

Where,y =v+ A4, p=v— A4, az%, w =0
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[Monthly Notice. Sup. 237, 355-379 (1989)] New Metric Potential (y,p, a, )

1
InH+v+-1+v2)+[j(Qdo=C New R, from (¥, p, a, w) }>}>}>}> - - -
2 ~0ld R, from (y. 5. &0 @ Calculate Physical Quantities

(3 Calculate Equilibrium Condition

M = Mass, ] = Angular momentum, T = Rotational Energy...

Numerical Results

Density Distribution of Rotating Neutron Star M-R Relation at Each Rotation Speed
EOS type : SLy4, Central Density : 1.0 X 10*°g/cm? SLy230a

- | 1 When considering the rotational effects
TOV Density Distribution 107 KEH Density Distribution SSTILI | I of neutron stars, it can be observed that
141 4 2 | 107 %9 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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When rotation frequency is high (2 = 500Hz), rotation effects can not be neglected. By taking rotational effects into account, we can achieve more accurate
calculations of the internal structure of neutron stars, which in turn enables more precise studies of dense nuclear matter based on astronomical observations.
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