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Gamma-Ray Burst (GRB)

Among the most energetic explosions in the universe,
GRBs are bright flashes of enormous gamma rays that

appear suddenly in the sky and usually last only several to
a few tens of seconds
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Poor eyesight of gamma-ray detector
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Imaginary picture of GRB —death of massive star

that is, supernova explosion

Gamma_Ray Bursts , gamma-rays are produced when Observer 4w
’ : ! 2 ® the jet (close to the light speed) breaks .
. (lmaglnar¥ Picture) : out from the stellar envelope \ .
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GRB a nd meta ”ICIty (Theory) e.g., Woosley & Bloom 2006,

(single-star explosion scenario) Yoon et al. 2006

Before massive star explodes, stellar wind carries the rotating momentum (spin
angular momentum) of the progenitor away
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GRB and metallicity (Observation)

Supernova host galaxies
(without GRB)

970228 970508 2002kb

GRB host galaxies

9B0613 980703 2003bb 2003ba

Fruchter et al. 2006, Nature Fruchter et al. 2006, Nature

similar redshifts

Small and faint, i.e., less massive Large and bright, i.e., massive
host galaxies host galaxies




The more massive galaxies show the more 07/19

metal-rich environment

9.0 F Kewley & Ellison 2008, Ap)
" clear positive correlation
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GRB and metallicity (Observation)

Supernova host galaxies
(without GRB)

970228 970508 2002kb

GRB host galaxies

9B0613 980703 2003bb 2003ba

Fruchter et al. 2006, Nature Fruchter et al. 2006, Nature

similar redshifts

Metal-poor galaxies Metal-rich galaxies




Direct metallicity measurements of GRB host galaxies byog/19

spectroscopic observations
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The current sample of GRB hosts is very small
GRB event rate ~ 1 event / 3 day = totally ~800 event at the present time
But... “well explored” GRB hosts ~ 50 (Savaglio et al. 2009)
This is because majority of GRBs is at redshift = 1~2
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Detection of faint GRB host galaxies at redshifts around 1~2 is

not easy even if 8m-class telescope is used
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“Dark” GRB (shows unusually optical faint afterglow)

prevent us from discovering and identifying GRB hosts
(RBs and afterglow (A(:) statistics (vearly sums of the table above)
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Significant numbers of dark GRBs
Properties of Dark GRB hosts remains a mystery
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No of |No of X-ray | No of optical | No of radio No of ,
GRBs AGs AGs ACs redshifts Jochen Greiner,

16-Mar-2010
811 515 345 71 216
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Subaru observations of dark GRB 080325(r,,=128s)

No optical detection of the afterglow within the error circle derived
from X-ray afterglow observations with Swift/XRT

Subaru/MOIRCS J (1.2um), Ks (2.2pum) band observations.
— Detection in Ks (2.2um) band

MOIRCS Ks band (5”.0 x 5”.0)
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Hashimoto et al. 2010



12/19

Subaru/Sprime-Cam (1 year later after the burst)
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B CRB 080325 host
e Other GRB hosts —
® Other dark GRB hosts
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Spectroscopic follow up with Subaru/MOIRCS (2011/06)

Afterglow + host host Afterglow

57.0x5".0

grism : HK500
exposure time = 7 hours
Resolving power
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Detection of Ha!
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Spectroscopic follow up with Subaru/MOIRCS (2011/06)
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GRB 100418A (z=0.624) observed with Subaru/FOCAS
Tgg =75
9OH Detected emission lines

I -[0 11]3727
E 2 ¥ :I[_|N6e 11113869
.}1v

-HB
\gfbﬁ* -[O 111]4959+5007

[0 1] [0 111
31077 | \\ No features of bright SN
: QQ/
Exu;'::—"': Q HIH
: Hy
1017 | ‘ [Tfe ITT] Hd
Mml | i | i 1 L#Lw‘
D EOOO | I I I Eald | | | | Fo00 | | Fi=1000] I S000 I

observed wavelength (&)



High-metal host!?
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levesque et al. 2010
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A hint of another mechanism of GRBs?

] ] e.g., Nomono et al. 1995,
(for example, binary-star merger scenario) Fryer et al. 1999, lwamoto

et al. 2000

Gas surrounding binary stars Merging Relativistic jet

Rapid rotation

Supernova + GRB

The angular momentum associated with the orbital motion of the two stars
remains after the merging of them. The merged star rotates rapidly and may
become the progenitor of a GRB

This scenario suggests that a GRB can occur
‘ even in a high-metallicity environment
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Summary

* It is widely accepted that GRBs occur in low-metallicity
environment from both aspects of observation and

theory. Especially properties of hosts of "dark GRB”
remain a mystery.

*We found the high-metallicity host of GRB 080325 and
100418A. But....

The local metal-poor environment of GRB 080325 can not
be excluded although S/N is poor (e.g., Niino 2011).

Recently reported possible high metallicity
environment of GRBs is a hint of another mechanism
of GRBs, e.g., binary-star merger.
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