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The empirical formula for the maximum mass of neutron ANEUTRON STAR: SURFACE and WIERIE

stars Is derived within the framework of the relativistic mean- ‘ . ‘ ok "
field model. Observations of massive neutron stars heavier - | 08
than ~2 My have ruled out soft equation of state and . ... o
constrain nuclear interactions, which are valid in dense nuclear =S f -
matter. Upon the request, numerous attempts have been made ' ek 21
to refine the relativistic mean-field model, such as by including ool los
the delta meson. However, we find that the maximum mass of Jos
a neutron star predicted by the relativistic mean-field model 0.0t 01

can be primarily determined by the combination of the
saturation density, the effective mass at saturation, and the ;
vector meson self-coupling constant. While constraining the

pure neutron matter equation of state using Chiral Effective
Field Theory (ChEFT) at low densities, 250 parameter sets were “
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generated to derive an empirical formula for the maximum s TOV neutron stars
mass of neutron stars and apply the formula with the present
relativistic mean field models.

d_P _ P(r)+e(r)|[M(r) + 4mr3P(r)] d_M _ dr?e(r)
dr rir — 2M(r)] dr

- - - - 3..‘ | | | | | | | | | &l

Relativistic Mean Field Theory R T T TS 3T T
30F .- MBPT E sl .

- .'. & R
15— SLy4 f.-” - [ PSRIZ2IS#SI3S g
o Isi = - NL3 R A — PSR J0740+6620 - =
attraction repuision < 201 S o7 faz-o_—PSRJO348+O432 -
' < 15l P2l R z
o P - = 15 ~
= ’,.q-"" N [ wwenns 0.000 5
10 __‘,..a;;:-‘-r",'.'--" = ~ === 0.001 .
- P -"‘"' ] Lok ¢ 0002 .
5;;:;1-"" e . a4 0.005 i
: B 0.010 i
[ I I L L1 1 L1 1 - —
0.00 004 008 0.2 016 020 05 ——1—— —

n [:fm_3)

Isospin =Empirical Formula

L =1(iv"0, — Mn)Y + go 0 V1) — g, wy, Yy*y |

| T T T T T T I T |

| E 20 =11 | | | 1 1 ]
0.150 0.155 ) 0.160 0.165

:111111111111111111
0.145 0.165

1 | 1 1
0.150 0.155 0.160
ng (fm=3)

LI L

)

_ T
i 1 )L 1 2 _2 1 3
—_.:;-‘Pp“y{r’}“’ Eﬂr"_l_ﬁﬁﬂgg;”_ﬁﬁﬂnﬂ — 3420

1 4 1 QL 1 2 L
— 2930 — 3w, W+ smiw, W
1 1

I !
0.145

S [ [ (O O S [ Y | S I [T TN T ST T YT Y T Y Y

] | | | ] ] | | -
0.150 0.155 0.160 0.165 0.145 0.150 0.155 0.160 0.165
n, (fm=2) ny (fm=2)

T
0.145

_I_ o E':-"';"E, mﬁiwﬂ ({:::rm _|_ Cow Jo ,;;r) Mmax (nOr m*, Ca)) — f(ca))nO + g(ca))m* T h(ca))
+ 900 g5 pup™ (Cop + Cop 9o 0)

- - __Table 2: Formula Error ) - A
‘) 1L ‘2 L ~Foree 7 L K 3 BA n m » Newr.  Myoy | Brror ) T T T T T T T
_|— 'l_"* Ir_.L; LL;I ,]' ) 10PB-1 33.36 63.7 22265 -116.44 -16.11 0.149 0.595 0.00291 | 2.13579 215 0.66 - ki
L] ‘f] o (o) .II! A . Jﬂ Ii A 1 FSUGarnet  30.92 5096 220.63 847  -1623 0.153 0579 0.00392 | 2.04749  2.07 1.09 28l 2l
[UFSU 31.30  47.21 231.33 -290.15 -16.40 0.1546 0.609 0.00500 | 1.96006  1.94 1.03 :
IUFSU* 29.85 H0.3 235.69 259.40 16.02 0.1502 0.605 0.00500 1.97841 1.96 0.94 i Oﬁ 7
NL3 37.40  118.5 271.53 20291 -16.24 0.1482 0595 0.00000 | 2.74821  2.78 1.14 » -
I[: .|!i.. FSU-J0 33.45 68.14 22920 -322.00 -16.31 0.148  0.61 0.00528 | 1.97745  1.93 2.46 L o Vit -
] T 1 ra SRV00 33.49 6523 22394 -224.08 -16.11 0.149 0.606 0.00353 | 2.05314  2.04 0.64 26 _
E ; -:__:: E ; -:__:: NL1 4346  140.1 211.09 -32.69 -16.42 0.152  0.57  0.00000 | 2.80829  2.81 0.06 [ o g) 1
- ,|E|_.. _|E'|"£ ‘!ill'{f' & I'f;i‘ | ,|E|_.. _|E'|"£ ﬁf - I'f;i‘ NL2 43.86 1207 39937 6842 -17.03 0.146  0.67 0.00000 | 2.49107  2.55 2.31 — ,
l!-_ — i _I_ ! ’ I j _I_ ! y S271 36.46 106.2 271.00 -295.54 16.24 0.1484 0.7 0.00000 2.36027 2.38 (.83 @ . , & 7
:_! ‘:__:: S271vl 35.74 9593 271.00 -20554 -16.24 0.1484 0.7  0.00000 | 2.36027 2.34 0.87 = — i -
jr]' -.ir[- S271v2 35.06 86.87 271.00 -205.54 -16.24 0.1484 0.7 0.00000 | 2.36027  2.34 0.87 ~ 24} ’ —
{] l :| $271v3 34.42 7886 271.00 -20554 -16.24 0.1484 0.7  0.00000 | 2.36027  2.34 0.87 2 » g/ |
§271v4 33.83 7176 271.00 -20554 -16.24 0.1484 0.7  0.00000 | 2.36027  2.34 0.87 = B o 1
] E E ] -l_|'- 1 "'1: S271vH 33.27 6544 271.00 -20554 -1624 0.1484 0.7  0.00000 | 2.36027  2.34 0.87 = @9@‘
a S271v6 32.74 H9.81 271.00 -295.54 -16.24 0.1484 0.7 0.00000 2.36027 2.35 (.44 B 7
_I_ e I]l?-llu l']- _I_ .._ f;l'g f:r _I_ r g‘{ l']- OMEG1 35.06  70.00 256.00 -300.62 -16.38 0.1484 062 0.00362 | 2.02771 2.3 1.80 22+ - 0.8 —
_.-3 r .,'; - -'1: - OMEG2 33.00 4500 256.00 -300.56 -16.38 0.1484 0.62 0.00362 | 2.02772  2.07 2.04 L. @) g@ "
OMEG3 30.00 20.00 256.00 -300.28 -16.38 0.1484 062 0.00362 | 2.02773  2.07 2.04 i AA B}
] E -2 I "'1: "1 SRV01 33.75 63.82 22178 -192.94 -16.11 0.149 0.602 0.00342 | 2.06893  2.06 0.43 i O |
4 ,;”,-II |:.-L.F 1 g. th q |:.-L.: P SRV02 33.31 6149 222.05 -197.82 -16.09 0.149 0.603 0.00336 | 2.07284  2.07 0.14 510 6@
I _I_ ' SRV03 33.54 58.06 221.72 -188.44 -16.12 0.149 0.601 0.00363 | 2.05127  2.08 1.38 O =
2 (F iy [} -"I il Lt I :l o [} SRV04 33.34 5531 221.11 -178.12 -16.11 0.149 0.600 0.00348 | 2.06564  2.13 3.02 = O -
FSU-d6.7 3275 53.50 22920 -322.00 -16.31 0.148 0.610 000528 | 1.97745  2.05 3.54 O 0 oo b b ]
] 2 FSU-d6.2 32,53 4821 22020 -322.00 -16.31 0.148 0.610 0.00528 | 1.97745  2.10 5.84 2.0 22 2.4 2.6 2.8

2 2 1 2 !
o E I;”l-ll'ﬂ ﬂ“:‘l _I_ E HF" P{]”H P{]H B E;rr_r J gr_._.l I."':'J.{ (Fﬂu_:' _I_ I!.-I."!T""--IJ' gﬁ" I:r} Mgmr (M)

2 2 7 . 2 2 2 2
— =0 .E?Iu oz (Lr.rp + ﬂ"-"# Her ﬂ-] — Lwp . Wy g,u HTRE

(7) *M~2.35 M

]--0 | | [ | ] | ] | [ | | | [ | | | [T T T ] T T T ] {5 T T [ T T T ] T T T ]
i ] 140 -
0.8F i 120
3.0 T N I | r - - ] 1oof
]. Iii-:p IEi‘..] ]. Iti‘ " i‘lr..-.:l - i 0.6 . £ sof
' - 1w — {1 2 |
P —_ _2 l'ﬂi? I o dk 2.5~ ] 0.4F N “ OOF
? i 2 ? 1 E - PSR J2215+5135 3 B ] 40
3 ¥ B [} ‘Il/{jii“E — _ﬂ,_f* 3. B [} ‘bt/;i“g — ﬂ,{f* C PSR J0740+6620 = ool h of
’_62'0 — PSR J0348+0432 7] i o4
1 2 2 | 3 1 ] | 2 2 1 1 1 = : 0 e T T v
—_— —_— —_— § it e Fo B 7] . . K . .
5 M, O z 020 3930 +sm w4+ 370, g, Wy = 15| - S
: o Jot : TABLLE I. Model properties. Mpax is the maximum mass (in Mg), Rmax and Ry 4 are radii (in km).
]_ 2 ':-_:: 2 2 f | e M — M4 — M8 : B Model Co no m J (MeV) L (MeV) Moo Runax (km) Ry 4 (km)
T 5 M, Py + JuwWo f+ Gs T g, Wy (C,p + Cow G O) R ' ] A
- I - Mi 0001 0104 062 o488 ooed e 1zm 1318
E 2 :.3 :.E O.S B | | | | ] M5 (]:{)(]1 0:1:‘3;159 (]:63 i;i}.;'r:? 664() 2:‘&39 12:04 1:‘%:23

[—
o)}

2 2
+ 9o 0 G, Poz (Cop T+ Cop Go 0) + Cup G, Wh G, Pos 10 Woommogmmoteommowm o amoowmo bo

M8 0.002 0.14760 0.56 32.412 62.71 2.358 12.65 13.73

M9 0.002 0.15220 0.55 33.106 66.35 2.354 12.60 13.66
{ ﬂ .l: M10 0.002 0.15679 0.54 33.808 69.99 2.350 12.55 13.59

*namgh@yonsei.ac.kr



	슬라이드 1

