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mass formula

. TOV egs
e well-known mass formula of stable nuclei o P=0
EOS
— Bethe-Weizacker mass formula ©

— due to the density saturation

you can get a NS model !l

e How about NSs ?

— structure of NS is determined as a result of balance of gravity &
pressure gradient.

— in general, not so simple...

e Wwe are successful to derive a mass formula of low-mass NS

— as functions of nuclear saturation parameter n & central density

— probably, independent of the EOS models
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observations of NSs

e candidates of low-mass NSs have been also discovered in
binary system (Lattimer & Prakash 201 1)

e radiation radius of X-ray source (Rutledge+ 2002)
e.g.) R, = 14.3+2.1km : CXOU 1326 19.7-472910.8 in omega Cen

e M& R from thermal spectra from quiescent low-mass X-

ray binaries (Guillot+ 2013;

Lattimer & Steiner 2013)
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low-mass NS models

low-mass NSs
— low-central density
— importance of EOS for low-density region

— may be able to discuss the stellar models without the core EOS
EOS of nuclear matter for ps p, (hormal nuclear density)
would be determined with reasonable accuracy by
terrestrial nuclear experiments.

For p= 2 p,, one can almost neglect an uncertainty of

three nucleon interaction (Gandolfi+ 2012) and contribution
from hyperon (or quark etc...).

®» we focus on the NS models for ps 2 p



three-nucleon interactions

« for p = 2 p, the uncertainty from three-nucleon
interactions in EOS is hot so relevant.
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EOS near the saturation point

e Bulk energy per nucleon near the saturation point of
symmetric nuclear matter at zero temperature;

ncompressibility symmetry_parameter
2 (D) :
w = wo + =45(n —nop) +[SO—I—3 (n—no)]a
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unified EOS modes

e unified-EOS models

— describing both the crustal and core regions of NS
— based on the EOSs of nuclear matter with specific values of Ky & L

— consistent with empirical data of masses and radii of stable nuclei

e we especially focus on

— phenomenological EOS with various K, & L
(Oyamatsu & lida 2003; 2007)

— EOSs based on relativistic mean field models
¢ Shen EOS (Shen+ 1998)
e« Miyatsu EOS (Miyatsu+ 2013)
— Skyrme-type effective interaction
¢ FPS (Pethick+ 1995),
e SLy4 (Douchin & Haensel 200 1)
e BSk19, BSk20, BSk2 1 (Potekhin+ 20 13)



MR relations

e NS models are constructed with various sets of KO & L.

* We can find the specific combination of K, & L describing

the low-mass NSs,

EOS K, (MeV) L (MeV) 5 (MeV)

n = (KoL)Y3| wwe w v

180 522 789

18 230 426 747

L 0. <2p, 1 —e— 01180 230 734 1074

1.5} —e— 01230 280 549 945

[ | —— 01280 280 975 13856

0) 1'2._ 1 Ol 360 360 76.4 1281

E 0.9 1 7% Shen 360 1461 1973
- Y[ 1 -<-- Miyatsu

E [ ] -a_ FPS Shen 281 14 1540

0-6_' ] -o- SLy4 Miyatsu 274 771 1177

0.3 i 1 =@ BSk19 FPS 261 34.9 68.2

i - BSk20 SLy4 230 459 785

0 .. k- BSk21 BSki9 237 31.9 623

11 BSk20 241 374 696

BSk21 246 466 811
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mass formula

1.8 . ——
(a) Pc=2-OPo g :
B {1 A
o 12 ! s
s o |
S : /l/‘/ Pc = 1'5:00.' A
0.6k - & e N
e I ‘Q _
.@g&j . '0‘"0"‘.- Pc = 10p0 I
,:-"@ N S | | | i
% 100 150 200
n [MeV]
i =%+ (a03ev)
— = C C
My 0 P \100MeV

Dec./27/2013 [P IEFE2ZYE | HFRET QIR

0Ol180
Ol 230
Ol 280
Ol 360
Shen
Miyatsu
FPS
SLy4
BSk19
BSk20
BSk21



—0.12 ~—— .0
10.8
-0.16} i
Co 10.6 C1
—0.20} 504
024870 T2 77 16 T8 297
Pc!Po Ue = pe/pPo

= 0.371 — 0.820u, + 0.279u — (0.593 — 1.254u, + 0.235u;) ( X )

M, 100 MeV

_ 0. — 0.0619u, + 0.02 2—.42—.16.122(”)
2 = 0.00859 — 0.06190, +0.0255u2 — (0.0429 — 0.108u, + 0.0120u) (=

2 =1/y/1—-2GM/Rc® — 1
e via the simultaneous observations of M & z (or Ror R_), one
could extract the values of 7& o !
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radii of low-mass NSs

with using the formulas of mass and gravitational redshift,

one can also predict the radius of NS.
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Summary

M & R of low-mass NSs are becoming to determine
observationally.
— strongly associated with the EOS for low-density region

we focus on the NS models with o =< 2 p ,, adopting the
unified EOS models.

we are successful to derive the formulas of mass and
gravitational redshift for low-mass NS, as functions of NS
central density and a new nuclear matter parameter.

— also predict the stellar radius

— this is direct connection between the nuclear physics & astrophysics.
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