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Gamma-ray bursts (GRBS)

Discovered in 1970’s.
Gamma-ray (~100keV)
IS emitted instantly.
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Long GRBs with HNe
I

Progenitor
(massive star)

A

Fe line

=AE
shocks

Gamma-ray 2 ‘
burst Afterglow Fe line

r-100  r-10 R

The luminosities are very high.
M(®Ni)~0.3M,




GRB 060505 & GRB 060614

Della Valle et al. 2006, Gal-Yam et al. 2006,

Fynbo et al. 2006, Gehrels et al. 2006
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Why the SNe were not detected?



Chance superposition?

Schaefer & Xiao 2006, Cobb et al. 2006
© -

z~0.1-0.2
% GRB060505
GRB060614
Cobb et al. 2006 We examine the galaxy distribution of the

field of GRB 060614 and find that the probability of a_chance association with a
ralaxy at least as bright as the putative host is onlyl~ 0.5—1.9%]) However. for the

current ensemble off= 180 Swift GRB4it is likely that several such coincidences

but....

Gehrels et al. 2006 We find the -auggesrimlm'm of a chance alignment

between a background GRB and foreground galaxy at z=0.125 to not be credible; the

chance probability of the observed 0.5" offset between the GRB and the z=0.125 galaxy




Possiblilities: chance superposition
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Short GRBs with long tails?

GRB060614: Gehrels et al. 2006

Long GRBS
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«t The Isotropic y-ray energy of GRB060614 is
~10°terg, being larger than typical short GRBs.
o Can the long tail be reproduced by the

| compact star merger model?
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Long GRBs with Faint SNe?

Faint SNe are Type Il SNe.

(Detected by bright plateau.)

SN 1994W (sollerman et al. 1998)
M(®Ni)<2.6 x 103M,

SN 1997D (Turrato et al. 1998)
10-3M, <M(*°Ni)<10-2M

The explosion energies are small (E<10° ergs).

Can small M(®®Ni) be compatible with
the formation of energetic GRBs?




Jet-Induced explosion ""\

Jet '
(1!‘;9 —_— BH

cf. Collapsar model
(MacFadyen, Woosley, & Heger 2001)

Relativistic jets
Induced
Nucleosynthesis

Edep: .
Energy deposition rate
(Rotation etc.)

Same mass and explosion energy
40M, 15x10°terg



Jet parameters

I E gep;
- Energy deposition rate
Edep’ ]—Jjet’ Edep’ 1:th

Progenitor:
Total deposited enegy:

Initial remnant mass:

Initial opening angle:
Initial velocity:

Ratio of thermal to total
deposited energies:




Initiation of the jet injection _IlL
P Vial

Q

\: C+0O layer: shallow p(r) In order to initiate
h the jet injection,

3x10%lerg/s P.

et Pral

Spherical infall

calculation \ Pet PVl P02 1022
E dep(Pjetr=Pran)

Sl Fryer & Meszaros 2003
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Mass NT et al. 2007
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Sites of *°Ni production
- —

® Explosive nucleosynthesis
(e.g. Maeda & Nomoto 2003)

® Jet

M ~Edep /CZ/Fmax

(Egep =1.5x10°ergs, 71,,,=100)

jet



Dependence: E dep |Ecept : Infall
M(®CNi)!

Smaller Egyg,

O/Mg layer
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Ejected *°Ni masses
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Sub-luminous SN

Faint SN

The explosions with small Edep yleld
small M(°®Ni), even if the explosions
accompany relativistic jets. 50505

I ‘3X1051erg,5 ‘ GRB060614
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Other

g 107

Smaller Ege, £ 0
Smaller M(56Ni) ERI%
Larger [C/Fe] 6

Nucleosynthesis
In a single SN

I

Metal-poor stars 0

Abhundance ratios [C/Fe]
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Metal-poor stars

These stars reflect nucleosynthesis in a single Pop Il SN.

Qayrel et al. 2004
onda et al. 2004
HMP stars

[Fe/H]>-2.8
Hierarchical Chemical Evolution
(Tumlinson 2006)

Integration of several SNe.

Metallicity [Eg
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BH-forming SNe with relativistic jets

 ——
GRBs Metal-poor stars
Larger
'y GRB-HNe
Edep
CEMP stars
Smaller No-SN GRBs HMP stars

No-SN GRBs are also massive stellar deaths.
BH-forming SNe with relativistic jets are responsible
for and
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