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Supermassive black holes

e.g. Our galaxy : SgA* Mgy ~ 10°Mg

Z ~6-7 : ~10°M;

The Origin??

Fan 2006, Mortlock et al. 2011
Wu et al. 2015

1—e t(2)

Mpu = Mseed eXp( P

Mseed > SOOM@ For Mg,~2x10° M,,,, @2z~7.1

(Mortlock et al. 2011)

1. Population Il stars
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= Mseed ~ 102_3M® Hirano et al. 2014, Susa et al. 2014

but, feedbacks make difficult Eddington accretion...

2. Supermassive stars
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Alvarez et al. 2009



Bromm & Loeb 2003, Shang et al. 2010

SupermaSSive Stars Latif et al. 2013, Hosokawa et al. 2013

Inayoshi et al. 2014

= direct collapse BHs
W|th Mseed ~ 1O5M@

v plausible formation theory is developing

log @ (g/cm?)

But, there is No observation!!

v How to detect such a high-z object??

e.g. Population Il stars : Gamma-ray bursts
Suwa & loka 2011, Nakauchi et al. 2012

Inayoshi et al. 2014

We study whether SMSs launch GRBs
and their observability.
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v Jet propagation in supermassive stars



Gamma-Ray Bursts =i

"\ Energetic Explosion!!
L, ~10°! ergs™*
E., ~ 10 erg

Gravitational collapse  Jet propagation Successful breakout
& BH formation
LR a—— - SMS model

AL AL R
, Accreting mode| = _
o 1E5 model === 1 1Eb5 : precollapse progenitor Fryer & Heger 2011

o 105 b ]

£ 10 ; RSG 1 Accreting : proto-star under mass accretion

~ 0 [r— . =collapse owing to GR instability

o Hosokawa et al. 2013
Z10° F ,~ 1 v SMSs have very large radii.

o F  T=an ] .

510 1 Can jets break out successfully??
© i

1015 Dot ol ol oo ok e.g. Red supergiants (RSGs)

10® 10° 10'° 10" 10" 103 10"* 10" 10'° don’t produce GRBS Matzner 2003
radius [ cm |



Jet Propagation in progenitors

Method

1.Gravitaional collapse
mass accretion rate onto BH:

- dM(r) 3

2.Jet formation
jet luminosity: powered by mass accretion with MHD process

Blandford & Znajek 1977
) 2
LJ (t) T 773 M (t) C Komissarov & Barkov 2010

M = 6.2 X 10~ Suwa & loka 2011

M(r) :/0 A’ pdr’



Jet Propagation in progenitc

3.Jet propag ation Matzner 2003, Suwa & loka 2011

Bromberg et al. 2011, Nakauchi et al. 2012

. . _ On
Jet Ve|OCIty . momentum balance @ shock front )

Un 1 (- 0)
Bh = —

C T 1—|—l~;_1/2 @ cocoon

Cross section of jet head

7 L;/c¥y, <— Energy density @ jet

pc? «<—— Mass energy density
of progenitor

Be

cocoon velocity :
Ve P

5 . _ <——Cocoon pressure
CcC < C - 2
pC
= We calculate time evolution of
jet head & cocoon




Accelerating &

R esu I 4 Successful Breakout !!

velocity : p=v/c

1E5 Accreting RSG
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Jet head
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Bh X t9—2n

n ~ 3 for SMSs
(rad pressure dom.)
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-, Decelerating &
5 Not collimated GRB...

n ~ 3/2 for RSGs
(gas pressure dom.)

SMSs can produce GRBs!!
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v Observability of gamma-ray bursts
from supermassive stars



Observability of GRBs from SMSs

v Prompt emission
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Accreting mode|  m—
1E5 model

1023E

When Ep—Lp relation holds

fsig(t'y,obs) - Fbol(t’y)

2.0
L E
P ~2x107° —2-
1052 ergs—1! 1 keV
Yonetoku et al. 2004

[£™ EN(E)dE
| EN(E)dE
L ,iso(t )

Fro1(ty,0bs) = 4;dL(z;2 Band fnc.

GRBs show

1 Ultralong duration!!

1 Event rate

10710° 10" 10% 10° 10%* 10° 10° 107 108 10°

observertime [ s |

* dN/dt < 600 /yr/sky

Yue et al. 2014
* beaming ~ 62
= < a few events /yr/sky
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Summary

v'SMSs : seed candidate of SMBHSs.
No observational evidence.
v'SMSs can produce ultralong GRBs
: radiation pressure dominated
duration > 10% s
detectable with Swift



