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Super-Massive Pop III Star?

Present Day
Massive Star

O

Omukai & Nishi 98;

Abel+ 02; Bromm+ 02;
Omukai+ 03;Yoshida+ 08;
Omukai’s talk;VWhalen’s talk

Mini halo (first object): ~1000M
If all the mass is accreted to a proto-star,

First stars are very MASSIVE?




Pop 111 GRB?

Present Day
GRB

Komissarov & Barkov 10
Meszaros & Rees 10
Suwa & Kl | |
Nagakura+ ||

Gigantic (x100) GRB @ z~10-302??



Density [g cm™]
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Duration ~10 s ?

® Loophole: Tp,, | grs~10 sec?

® Accretion = Jet Macradyen

Stellar
envelope

® Massive envelope
= Long duration!?

® Stellar envelope
determines

|. Jet luminosity
2. Jet head velocit

M



Penetration Problem

|. Give the envelope profile

2. Calculate accretion

: dM r Stellar
M(t) a2 T GM envelope 1
If r
3. = L(y) 4
L; —4
n=——~=~06.2x10
M c?

(calibrated by low-z GRB)

4. = Jet head dynamics \ A




Penetration Problem

Bromberg’s talk

|. Give the envelope profile

2. Calculate accretion Vh

| Envelope Stellar M
/ V 1 \

Shocked Jet

~ Shocked Envelope




Penetration Problem
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Long Duration
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NUMBER OF BURSTS [Mgs™]

Long Duration

Teo (seconds)
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Not SO Brlght
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Detectability

® Pop lll GRB at z~20

gyLiso N —2 ]

1077 erg cm™~ s

F = -
dmr;
® Swift BAT sensitivity ~10-% erg cm2 s
® Future (LOFT, HiZ-GUNDAM, ...)
~10? erg cm2 s
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Analytic Expressions
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Stop Accretion?
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nght Pop I11 Star
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Nagakura+ ||
Suwa & KI 10

Light Pop III GRB
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Pop III.1+111.2
Star Formation Rate
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# (on+off-axis GRB) / yr on the sky

Pop II1.1. & II1.2
GRB Rate

T T 1 T L} T T 1 T T T 1 L}

105 - - =
/' \\ Optlmlstlc case
/ o
10°F 4 RN —50I<m/s-
—_ S d
3 ," .. Pop I11.2 Ywin £ =0
2 1000} Pop 111.2 (Z=0, fromi, _f,=0.01 GRE™-T
- once-ionized gas) \\ dNcre Atobs qv
2 100 ~ —‘PGRB(Z) °
o AN dz dZ
2 Pop [11.1 £ 0.1 N ;
g 0F et e \ .

L
N
e

>> Pop ||| | GRB raté-..

0.1% ) Ts
5 10 20 30 35 40

23

de Souza,Yoshida & Kl | | Z



# (on+off-axis GRB) / yr on the sky

Intrinsic GRB rate (yr™')
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Radio Afterglow
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Radlo Transmnt

Optimistlc We can limit Pop Il GRB rate
5 " AT B2 by radio transient |
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Radlo TranSIent

Optimistlcw
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Radio Transient
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arXiv:1112.5940

Prospects for Detecting Gamma-Ray Bursts at Very High
Energies with the Cherenkov Telescope Array

Jun Kakuwa.'* Kohta Murase,? Kenji Toma,? Susumu Inoue,* Ryo Yamazaki,’

and Kunihito Ioka®

® ~20GeV-100TeV AN "
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® x |0 Sensitivity LN " Crab
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Summary

® Can GRB jets break out the first stars!?

R YeS! Suwa & Kl 10
— Massive & Light Pop Il stars Nagalra® 11
— Envelope accretion: Long, Energetic, Modest L

— Sensitive to the envelope mass

. POP I” GRB Rate de Souza+1 |
Kl & Meszaros 05
— Pop llIl.2 GRB (~40M,) > lll.| GRB KI 03

— Radio afterglow is observable up to high-z

— Radio & X-ray transient survey
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