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Super Massive Stars ~ 10° Mg
[e.g., Shapiro & Teukolsky (Wiley)]

Mostly supported by Radiation
P(pressure) =P, + P

gas radiation

B = P/ P<<1

gas

B = 8 K, (Boltzman constant) /S, (photon entropy per baryon)

= 8.49 x (M/My) "2
(KFE100% DI, T OE— (polytrope) model)

I

Stability (for strictly Newtonian):
[=dInP/dInp=4/3 +B/6 + O(B2) (Stable even for =0)



Super Massive Stars (SMS):
Effect of GR (General Relativity)

TOV(Tolman - Oppenheimer - Volkoff)

dm 1.010 — T TR
— =4ar’
dr p 1.065 [ -
dP om P 4P r’ om\” e SRR el
——=—— |1+ 1+ l-— Newtonian: &3, M=105M_
dr 1 p m r ool i
EG u - n
— Post Newtonian (effective) B aamp dl\cll.:‘/ilneralorelactill\\;lllzlt;)c s 3
Gravit i o Pc> c 4
y 0.985 fi e Z;ii

Geff= G (1 T P/ pC2 T 4Tr 0.980 |- General relativistic ¢ -
r3P/Mc2 + 2GM/rc?) T R \
Perit =2.00 x 1018(M/M )72 i W

0.970 | 1 |11|l|| il

(g em _3) 1074 | o 1w W'
SMSIEZEFFRIICUNHEL B =849x103 MDzE

PR B EITET HEMIE (FXobOE—%ZRE)



GRIREDFEH

4 2GM
1—‘crit =~ T 1 12 2
3 Rc Chandrasekhar (1964)
4 B EHEOFLEHRIEL (MRER) H
> =—+— BAVPNELN (T RAE—AKELY) &F
3 6 REEIZHD

THRE B2 JE/dp, =0, E=E_+E
IZRLTIER DR

grav

MY LD M 12
> =0.942(—)
B Msun
GM M 1/2
( ) =O.6295( ) T, =249x10°K
RC crit M

sun




PopllIF 2B X

* GRARENHRFEE
(with ideal gas EOS)

T.=2.49 x 10" Mg (K)

REOKFREEREXIYDL

SLVEE

f

e 10%6~57 erg TIKFEMRIF

HIZARIEL TIEHET S
DNH S

o M. Z=0TITJ/HELLZL
= Poplll EXT S
JR—IL

. 1986ApJ

EDEd (LITHE)

RESULTS
Initial
Initial Mass Metallicity
M/10° M Zi i Fate
(1) (2) (3)
| R 0 Stable
S o 0 Black hole
-3
S et S5x 1073 2.1 x 10°° ergs
He: 0.249 — 0.282
S ... 1 x 10~2 2 x 10°° ergs
He: U.247—= U275
25 0 Black hole
10 ............ 0 Black hole
10 6x10°3  Black hole
10 ............ 1 x 1072 2.5 x 10°7 ergs
A He: 0.25— 042

Fuller, Woosley & Weaver 1986

M(105 M )




Popllli BB K2 NDEdn (S {THZE)

GRAREDEREE T, =249 x 107 Mg (K)

(Mg =M /108 M )

Mg > ~ 0.5 DEI(FKFMBEA

1 [ZGRAERE

REFICHAERELEEBERIL)CNOYAIILIZKYR X

757K R PR

LALZ <~0.1 Z,DETlE. CNOH A D JLIZ LB HEIZ L
TEMNBRETHIEIFEL (Fricke 1973, Fowler et al. 1986)
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HELEETILIE 0.1, 0.3, 1.0, 10 My/yr
It 33: 0P PRT XY el \
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ETEAE
— Henyey 247D ED#E\La—F (EICBHEHRZETEIC
FALZWTULV =10 #\HE&EAR2002, 2005) 2B =EE124F
SHELFTEMNTEELS(ZLE=LD(HEE 2009).
— MEIEAY
- FEVEIEORNEBIZFLIVIOE—TFE

— [BERICEDHIN B DML ER
« CNOEFEIIM>1000My DELIZIFIFIZEEZEZ RIFTIELY
(Hosokawa et al. 2013)
— Post Newtonian Gravity

G +~G(1 + P/pc? + 41 r3P/Mc? + 2GM/rc?)




h SR CERam




HU, Hosokawa, Omukai, Yoshida ApJL, 830 (2016)

TABLE 1
FINAL STELLAR MASS AND COMPOSITION OF THE INNER CORE
M[Mg /yr] 0.1 0.3 1.0 10
M;¢[Mg)] 1.2 x10° 1.9 x10° 3.5 x10° 8.0 x10°
Y (or X) 0.00 0.99 1.00 (0.51)
N2 = -
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dM/dt=10Mg/yr model T FAE—%%
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mAI—FICL55T R #IEORREXRE
« 1D-Full GR implicit code (Yamada 1997)

+ Nuclear reaction network = Takahashi et al. (2015) T
PISNOIEFstEIZHUV=O—F&RELC
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