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

Marziani & Sulentic 2012

but, feedbacks make difficult Eddington accretion...

2. Supermassive stars

Alvarez et al. 2009



Bromm & Loeb 2003, Shang et al. 2010

Supermas Sive Stars Latif et al. 2013, Hosokawa et al. 2013

Inayoshi et al. 2014

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

v formation theory is developing

log @ (g/cm?)

But, there is No observation!!

v How to detect such high-z objects??

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.




Woosley 1993

Gamma- Ray BurStS MacFadyen & Woosley 1999

Energetic Explosion!!
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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
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M = 6.2 X 10~ Suwa & loka 2011
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Jet Propagation in progenitc

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

Bromberg et al. 2011, Nakauchi et al. 2012
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Accelerating &

R esu I 4 Successful Breakout !!

velocity : p=v/c
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SMSs can produce GRBs!!



Observability

v Prompt emission
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When Ep—Lp relation holds
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GRBs show

1 Ultralong duration!!

1 Event rate

observertime [ s |

* dN/dt < 600 /yr/sky

Yue et al. 2014
* beaming ~ 62
= < a few events /yr/sky
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Energetic Cocoon Fireball gz

Ec~ 1055-56 erg
Hinder succ M ~10%23Msun
mass accretio ¢

Cocoon Emission
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AB magnitude

Cocoon Emissions are very bright
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Outline

v’ Summary



Summary

v SMSs : seed candidate of SMBHs.

No observational evidence.
v' SMSs can produce ultra-long GRBs

: radiation pressure dominated

duration > 10% s

detectable with Swift

MeV detectors are needed to detect

GRBs with long durations.
v Energetic cocoon fireballs may be
an evidence for SMSs



