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Long GRBs = The Death of Massive Stars

Association with type Ic
core-collapse supernovae

GRB030329/SN2003dh
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Long GRBs = The Death of Massive Stars

Association with type Ic

core-collapse supernovae Location in star-forming galaxies
GRBY9TOB28 ® GRBOOO1IZ GRB0QD925
GRB030329/SN2003dh = z=0.958 z=4.500 z=2.037
’ c2 o1
oz . *

K\

— April 10.04
— April 17.01
— April 22.00

T

GREO11121 GREQ20405
Z=0.360 Z= 0698

A
el
o
E
(5]
T
w
o
o
£
—_
L)
o
o

GRBD30115

GRBO21211
z=1.006

GRBO21004
z=2323

6,000 8,000 10,000
Observed wavelength (A) i

Mathson et al. 2003; Hjorth et al. 2003 Wainwright, Berger & Penprase 2007




GRB Detection and Follow-up




GRB Absorption Spectroscopy

Comparison to quasars: ¥ oz S ij= 0.318
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GRB Redshift Distribution
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GRB Redshift Distribution

Chary, Berger, & Cowie 2007
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GRB Redshift Distribution

Chary, Berger, & Cowie 2007
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GRB Absorption Spectroscopy

Berger et al. 2006
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GRB Absorption Spectroscopy
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GRB Absorption Spectroscopy
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GRB Absorption Spectroscopy

Berger et al. 2006
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GRB Absorption Spectroscopy
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GRB Absorption Spectroscopy

Berger et al. 2006
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GRB Absorption Spectroscopy

Berger et al. 2006
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GRB Absorption Spectroscopy
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GRB Absorption Spectroscopy
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GRB-DLASs
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<N(HI)GRB> ~ 10 x <N(HI)QSO>




GRB-DLASs

— GRBs (28)
QSOs (2073)

c
2
G

o
L

N " o A
M thn
o s b SRR SRR AR AR SRR AR AR
]

20.5 21
log [N(HI)]

Berger et al. 2006; Prochaska et al. 2007; Savaglio et al. 2007

<N(HI)GRB> ~ 10 x <N(HI)QSO>




NN

=0
—
1
aa
ad
O

(N(HD)Grs) ~ 10"

—

5 -
. &
o

uofjoel 4




GRB-DLAs: Abundances & Depletion

. Halo
Disk+Halo
Warm disk

. Cold disk

/n Mn Cr

Penprase, Berger, et al. 2006



GRB-DLAs: Abundances & Depletion
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GRB-DLAs: Abundances & Depletion

Penprase, Berger, et al. 2006
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evidence for dust reddening
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GRB-DLAs: Abundances & Depletion

Penprase, Berger, et al. 2006
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(Absence of) Molecular Hydrogen

Tumlinson et al. 2007

- Low metallicity (no dust)?

- Destruction by UV radiation from the GRB?
- Destruction by ambient UV radiation field?
- Small numbers?



(Absence of) Molecular Hydrogen

Tumlinson et al. 2007

Whalen et al. 2008
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GRB-DLA Host Galaxies

GRBs offer an alternative galaxy-selection technique

Redshifts & metallicities
measured from
absorption spectra

\

What 1s the connection
between DLLAs and
star formation?
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QSO-DLA Counterparts

Colbert & Malkan 2002

HST/NICMOS [H(56)=22 mag; 1/22 detected]

Most DLAS are not drawn from the
bright end of the LBG population




QSO-DLA Counterparts

Colbert & Malkan 2002

HST/NICMOS [H(56)=22 mag; 1/22 detected]

Warren et al. 2001




GRB-DLA Counterparts

GRBs have <I1" offset =

no ambiguity about which
galaxy 1s the DLA
counterpart

GRBs fade away =

galaxy can be imaged to
L« L* & regardless of PSF




GRB-DLA Counterparts

Vreeswijk et al. 2004
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GRB-DLA Counterparts

1= 3.3 72 Vreeswijk et al. 2004

HST/ACS

...................
5100 5200 5300 6770 67

1" = 7.5 kpe

Sill*

Wainwright, Berger et al. 2005

F606W(AB) = 28.1 mag
L~0.02L*

} Too faint for other techniques
SFR ~ 1 Mo/yr

No spectroscopic confirmation



GRB-DLA Counterparts

Chary, Berger, & Cowie 2007
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[S/H] = -0.85+0.20 = 0.15 Z



GRB-DLA Counterparts

Chary, Berger, & Cowie 2007

Chary, Berger, & Cowie 2007
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The Mass-Metallicity Relation at z > 3

Chary, Berger, & Cowie 2007
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Obscured Star Formation

Berger, Cowie, et al. 2003 Berger et al. 2001
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Obscured Star Formation

Berger, Cowie, et al. 2003
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Obscured Star Formation

350 GHz Flux (mdy)
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Cosmic Re-10nization

Gnedin et al. Fan et al. 2006
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GRBs and Cosmic Re-10nization

z=6.295
log N, ~21.3

—_—
i
=<
i
=
3]
i
w
o
S
()
0
1
o
2,
S
>
=
w
=
@
©
x
5
=

7000 7500 8000 8500 9000 9500 10000
observed wavelength (A)

Kawai et al. 2005




GRBs and Cosmic Re-10nization

z=6.295
log N, ~21.3
/Z~0.05Zg

—_—
i
=<
i

=
3]
T
w
o
S
()
0
1

o
2,
S

>
=

w

=

@
©

x

5
=

7000 7500 8000 8500 9000 9500
observed wavelength (A)

Kawai et al. 2005

Lyo

-'tI‘;-II-I FeEA Eiel - —— R -

g T

-




GRBs and Cosmic Re-10nization
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Summary

- Long GRBs are the end product of some massive stars
- GRBs have been detected to z ~ 6.3
- Afterglow spectroscopy reveals DLAs in ~90% of the cases

- The HI columns and metallicities are on average higher than in
QSO-DLAs

- Evidence for depletion 1n the warm ISM of the hosts but with no
commensurate extinction

- The availability of precise positions and the declining flux allow
deep searches for DLA countparts

- Initial observations with Spitzer reveal counterpart with ~0.1 L*

- Some GRB hosts have highly obscured star formation



