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MOTIVATION

» In the previous work] 1], the pion mean-field approach successtully

explain the nuclear matter properties at low density legion.
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Pion mean-field approach

p Collective Hamiltonian [2,3]
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Medium modification

» Binding energy per baryon[1]
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Medium modification

p The properties of nuclear matter| 1]

¢ Volume energy:

e Pressure:

P(X) = poA? 88(%@)
¢ (Compressibility: ;

K\ = ox2? (‘;;(A)
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Medium modification

p The properties of nuclear matter| 1]
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® The slope parameter: L, = 3 3\
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Medium modification

» Medium functions|1] » Density-dependent parameters| 1]
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Equation of state

p Equation of state[ 1]
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Equation of state

p Equation of state[ 1]

102 !
? L
g - i+
= I , B
(P]
= 1 Z
=107 4 ’
S - . ,
=) i y — This work
S I // —-  GMR Exp.[6]
= r // " Flow Exp.[7]
A y Flow+20%
B Kaon Exp.[6]
100 1 I 1 1 1 1 I 1 1 I 1 1 1 1
1.0 1.5 2.0 2.5 3.0
A(=p/po)

Pressure of symmetric nuclear matter

P(),1,0,0,0) (MeV fm~3)

=
o
N

[
o
=

=
)
o

=
o
—

13

+

!

asym = 32 MeV, Ly, =60 MeV

. Qgym = 32 MeV, L, =50 MeV

Pb [8]

NS 95%[9] =
NS 68% =z
QMC[10] //’

7’
//

0.5

1.0 1.5 2.0

M =p/po)

Pressure of neutron matter

2.5

3.0

e
[6] D. H. Youngblood, H. L. Clark and Y.-W. Lui, Phys. Rev. Lett. 82, 691 (1999) [9] A. W. Steiner, J. M. Lattimer and E. F. Brown, Astro- phys. J. Lett. 765, L5 (2013)
[7] P. Danielewicz, R. Lacey and W. G. Lynch, Science 298, 1592 (2002)

[8] M. B. Tsang et al., Phys. Rev. C 86, 015803 (2012)

[10] S. Gandolfi, J. Carlson and S. Reddy, Phys. Rev. C 85, 032801 (2012)



e(\, 8, %) (MeV)

Equation of state

p Equation of state[ 1]

50

—20

0.0

1.0 :
A(=p/po)

Binding energy of baryonic matter

[1] N. Y. Ghim, G. S. Yang, H. Ch. Kim, U. Yakhshiev, Phys. Rev. C. 103, 064306 (2021).

P(),d,x) MeV fm™3)

M =p/po)

Pressure of baryonic matter



15

Neutron star

» Spherically symmetric approximation.

M(r) =4n /OT dr r2&(r)

» TOV Equation
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» Boundary condition
M) =0, &(0)=Ewens, Plr=R)=0
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Pressure : P(\) = po)? Density: £(A) = [e(A, 1) +mn] Apo




RESULT

The mass-radius relation
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The mass-radius relation
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The mass-radius relation
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The mass-radius relation
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Summary

> We investigated the masses and radu1 of neutron stars based on a pion

mean-field approach and linear-response approximation.

» The density-dependent functions and parameters are determined
using empirical data at normal nuclear density.

p The mass-radius relations of neutron star are 1n good agreement with
the GW170817 measurements and Shapiro delay measurements.
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