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5% L (Afterglows)

(De Pasquale et aI 2010)
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Hosts = star forming galaxies

e Association with Type lIbc SN
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— Blandford-McKee phase
104%\5_:7:‘5_"-. ' (4B %% A% Sedov-Taylor phase)

Reverse shock in the jet

Forward shock in the ISM

xt,r)=1+ 8T'*(1 —r/R).
(Kobayashi, Piran & Sari 1999)
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e e v, +V, > e + e (fireball model)
=== 3 MAGNETIC
| " FREBAIL
ENVELOPE . "= | pansonte _3 . >
I/ SHOCKS L M BH 2 M 4
o 00-1000 Rg ~0.01
miiuaen: Mc? 3Mg) \Mgs—2

CORONAL

! OUTFLOW

(Zalamea & Beloborodov 2011)

o TBHIGEFE)T TV (Blandford-

Znajek process)

Lj
AGN jetsDEREIE [ ~0.1 — 1, even larger

At A Mc2
=L EREZRIE

(e.g. McKinney, Tchekhovskoy & Blandford 2012)

(LT SYIHR—IL BT RILTE—% LD H; cf. KT & Takahara 2014, submitted)
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e GRB 100826A (T~100s):
P=27 +-11%; P>6% at 2c;
P>0% at 2.9c (PA rotated)

e GRB 110301A (T~10s):
P=70 +-22%; P>31% at 2c;
P>0% at 3.7c

i) [ Interva -1 —+— A ~ .
e | 4+, 4 |+ GRB110721A (T~10s):
Naaasr H P=84 +16-28%; P>35% at
! 4 +y 2G; P>09 ,

: s [ ++_}_—{—++—|—_+—+ -+ O, 0% at 3.30
R ERISEE S Ty e R
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Scattering angle (degree)

(Yonetoku, Murakami, Gunji, Mihara, KT et al. 2011; 2012; KT 2013)
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o UyhAERIZIEK., BFREMHBNNE
Kerr BH (a=1)D&ANELZEMHNEDFE  Risco =
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(Woosley 1993; Woosley & Heger 2006)
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Single star

FREBEEZERE Type Il SNEZFEZ T
Bl LS AEB E X (Spruit 2002)
Wind mass lossIZ&AAEFHEAX
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(Yoon & Langer 2005)
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Chemically homogeneous =
no H envelope

5[ Zlow metallicity TéHhh
[X low mass loss (keep
angular momentum)

= JEB[TZESELVTT . GRB
=I5

.......................

jLSO‘Schwo rzschild
jLSD,Kerr

Jequctor

Model 16Tl
Pre—Supernova
Angular Momentum

.............................

(Woosley & Heger 2006)
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(Yoon & Langer 2005)
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Final fates of rotating massive Pop lll stars
N | | |

e Yoon et al. (2012)
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e Total gamma-ray energy ~ gravitational energy * efficiency
~ 2 ~ 1052, (1) (M
E, ~enMc* = 10°“¢, (0.01) (M@) erg

e Duration ~ accretion timescale

3 1
T o (12 =30 (T) () () (57) sec

HBHE RS . disk wind?

{b‘\\\ﬁ = ~

FZE~1010%m

72991k —IL~3Mg

M T% Tafew X Mg ?
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e Total gamma-ray energy ~ gravitational energy * efficiency
~ 2 ~ 1052, (1) (M
E, ~enMc* = 10°“¢, (0.01) (M@) erg

e Duration ~ accretion timescale

3 1
T~ & iy (49 =30 () ()" ()" (57) se

M~103Mg, Mgy~300Mg, R;~1011>cm, z~20

10~2 High-z, super-energetic,
E,iso ~ 10°7 3 erg, T ~1day ultra-long GRB V)¢ 2
GRBODATREME K

(Komissarov & Barkov 2010; Meszaros & Rees

155 A BN Tho metalE DMl LY, 2010; KT, Sakmoto & Meszaros 2011)




Detectability

¢« BEDIZE
E,iso ~10°%erg,T,~10sec = L5, ~10°%erg s
e Pop lll very massive starDiZ &

E

)/,iSO ~ 105781"9; TTN 104 Sec E> L)/,iSO ~ 1053 erg S_1

BEIYTITIHLNIEE

2720T, ARGRILE—IH ~30keV ERET HE

e Ly,iso - -2 -1
M~ mdz@okery L
Swift BATCHR HH TE 5.

FYUBWWN—RMEFEITHETILTIE. 220D /N\—XEHEH
I HDITEELLY (Suwa & loka 2011; Nakauchi et al. 2012)



Ultra-long GRBs
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HLLEDH envelopeZFEF->TULINILK,
DIV EEZREHNINEND
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TNTHEUIVMNIEZFTREEND L
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29— ST AIWST Tz 15E TR
H TZ % (Kashiyama et al. 2013)

-~ (Matzner 2003)
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(Woosley & Heger 2012)

0 10 20 A0
m / M@.

E2OKREHNETZvIR—ILIZET . FBY DH envelope
o Hidisk, jetZEHEMTES,

Mc*~10°%ergs ™ ©  L,;50~10°%ergs?
ZTNIFEERBLAILELD, #TZ V55,
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(Wang, Bromm et al. 2012)
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Figure 1. Minihalo circumburst environment. Shown is the hydrogen number Figure 2. Atomic-cooling-halo circumburst environment. The density profiles
density vs. distance from the central Pop III star at the moment of its death, are again calculated from the Shu solution, evaluated at t = 3 x 10° yr after
3 Myr after it was born. The density profiles are given by the Shu solution source turn-on. The collapse redshift is here indirectly given by the virial
for different redshifts, as labeled. Typical circumburst densities are ~1 cm™3, temperature, as labeled. We show the case of photoheating from only a single

with smaller values at lower redshifts. The redshift trend reflects the shallower

— : ! Pop III star (solid lines), and that from a stellar cluster (dotted lines). The
minihalo potential wells at later times.

resulting densities again exhibit a nearly uniform inner core, but overall values
are much higher than in the minihalo case (see Figure 1).
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E =10°"%erg, T = 10° sec,eg = 0.01,€, = 0.1,z = 20
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Easily detected by Swift XRT (> 6 X 10~ °erg cm™2 s~ 1) and by Fermi LAT
(>3x10"tergem=2s1)

Liso X EisoT_1 X MM;{-IZR;B/Z

BRI DERBIAVS . total energy, ambient medium densityh HETE TE5
Opt-IR observationh\ioredshiftz RO NS

(KT, Sakamoto & Meszaros 2011)



Event rate

(Bromm & Loeb 2006)
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(de Souza, Yoshida & loka 2011)
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Summary
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E,iso > 10°7erg, T~1day = Very massive star origin

BIIXBAREDIREDTO—T L5,
BRITEREZE., IWSTHE TEAITESN ., #HN

DTN E MDOXRIFEES

X A TEHMH I RE
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