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Outline

Gamma-Ray Bursts

Motivation

Where are the dust-obscured GRBs?
Pre-Swift host galaxy results

Dark Bursts
Dark GRB afterglows and dust extinction

Dark GRB host galaxies
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Gamma-Ray Bursts
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(Long) Gamma-Ray Bursts
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GRBs: Massive Stellar Core-Collapse
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Lighthouses for the High-z Universe

GRB 080319B:

Mg = -39 mag
at peak

GRB 090423:
redshift z = 8.3
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Probes of High-z SFR
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Probes of High-z SFR
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Morphology Differences
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Redshift Differences
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Color Differences

0 1 2 3 4
6 C I I L] I I L] I I L I I L | | L | || L] | I L] | | L] \: | L] I I I I I L] I I L] I I L] I I |

C N g

E r / 0 N —: 4

C - \ ]

5F EROs - s L \IU (AV=1 D mag) J
: =k
4F 3 .

: . g Sc/d :

_ e o - ) {,>m
e C ‘ : o © 2<
— . 6o v .00' ;2’

SE X 8% -

= —Qo .0

C . . TR @ .

/ ] - 5 ©o og oo , oo 1

o - - @°° o3 ooo

21 . %odopo @
- ¥ X g ?O?) o
RS DR T - : %0 ce .
T + VVDS spectroscopic _ o 0
Lt e, - COSMOS photo-zs
L LeFloch+ 2005

o Lyman-break galaxies smail et al. 2004, Temporin et al. 2008,
.qua§hqr elt all. 29071 Srlwap.leyI et Ial. .2091

0 1 2 3 4




Color Differences
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SED Differences
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SED Differences
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Mass/Luminosity Differences

Pre-Swift IRAC 3.6/4.5 um Imaging
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Mass/Luminosity Differences

Luminous, obscured galaxies dominate at z>1.5

100% -
ULIRGs T

Lz >102 L )]

Contribution to total SFR

0%
0 1
Modified from Perez-Gonzales et al. 2005 Redshift 7 (model assuming a=-1.7)
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Metallicity Differences
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GRBs: a “Biased” Tracer?

Stanek et al. 2006,
Wolf & Podsiadlowski et al. 2007,
Modjaz et al. 2008,

Metallicity cut-off —

L.x < 040927 _

But, c.f. Savaglio et al. 2008, Chen et al. 2009, Kocevski et al. 2010, etc.
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Optical Selection Biases

~1-27 or better:
Narrow-field X-ray
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Optical Selection Biases

L

~1-2” or better:
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Dark Bursts

GRB 080319B
at ~200 sec

Some GRBs have exceedingly faint

optical afterglows.
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Direct Evidence for Extinction
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Indirect Evidence for Extinction
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Indirect Evidence for Extinction
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Extinction Distribution

Many (but not most: ~20%) GRBs
are highly extinguished.
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Extinction Distribution

Many (but not most: ~20%) GRBs
are highly extinguished.
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~8-25% of Swift GRBs |
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Optical Extinction Bias?

Dust-obscured star-formation is significant, and
dusty galaxies should (in general) be:

more massive

more metal-rich

more luminous

redder
than unobscured galaxies.

OR, darkness could be entirely geometric
(i.e., does the GRB sightline happen to pierce a
molecular cloud or dust lane)
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Goal

How do dark hosts compare with other
hosts and other galaxies, and what are
the implications?
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Dark Burst Host Survey
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Dark Burst Host Survey
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Optically Ordinary-Looking...
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Often Infrared Bright

Optical Optical Optical
(I-band) (I-band) (I-band)
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Dark Burst Host Colors
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Dark Burst Host Colors
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Dark Burst Host Colors
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Dark Burst Host Survey
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Swift Dark GRB 4.5 ym Imaging
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Pre-Swift Non-Dark GRBs
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Swift Dark GRB 4.5 ym Imaging
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Dark Burst Host Colors
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Dark GRB 080207

_'Q a

[80207 I-band 1 Spitzer 4.5um

Fairly dark burst with...
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Red Dark Burst Host Galaxies
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Red Dark Burst Host Galaxies
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Dark Burst Host Colors
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Dark GRB 061222A
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Dark Burst Host Survey
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Highly-Embedded Star Formation?

Arp 220 SFR >> dust-corrected optical SFR

Low-z: ULIRGs High-z: SMGs
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Pre-Swift Submillimeter Observations

Only a few pre-Swift detections (blue galaxies!)
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Radio/submm observations

No EVLA detection (to ~15 pJy @ 5 GHz) [ eorsioniaraet

for 9 out of 10 Spitzer-brightest hosts on old VLA)
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LIRGSs, not ULIRGs

107"
107

Specific flux vf, (erg cm?s™)

107°L

107

e U

10° 10° 10* 10° 5 f QY( E) 10° 10* 10° 10° 10’
= . e  z=0809 ? L N "'2'4'1'.35”";
E L, <7x10"
C z~2.1 Jf z~1.9 §
; I ¢
% ﬂ'. El'? :

L, =(3+2)x10% = boI<3x1o12 S

‘H:)CJ 10 10° ‘103 104 105 ‘IOGI 101 10° 10° 104 10°

Wavelength (um)
Dust-Obscured GRB Host Galaxies IPAC Seminar '

2011-11-30 ' Daniel Perley



LIRGSs, not ULIRGs

10° 10° 10* 10° 1|[:]IéEqU?Bq)}’ (G'I EIE) 10° 10* 10° 102 10!

wE L e = z=0.809 I L h N z~1.35
1) ’ f 3
1015ﬁ- $ % “. %'
10° -
107°
me Mass: 1010 1012 f _

18 < 7 x j
ol Eumlnosny 101 3)(10@'5 (LIRG)
101.’5; z~ 2.1 . . z~19 :

107}

15[ ﬁf? e g E ji:“_.i;“i-ﬁ\ :
10 ;E;bscuratlon fractibn: <~75%! -

10‘*5%? E

Specific flux vf, (erg cm?s™)

101?5 E

10"F | L =(3£2)x 107 ® % L, <3x10% =

107" W vl el e e v il el el

10[:I 10 10 10° 10* 10° 10° 10 102 10°  10* 10°
Wavelength (um)

2011-11-30 ‘ Daniel Perley Dust-Obscured GRB Host Galaxies IPAC Seminar ‘



Obscuration Correlations
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Obscuration Correlations
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Obscuration Correlations
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Obscuration Correlations
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Obscuration Correlations
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Obscuration Correlations
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Obscuration Correlations

1. produce , hot blue GRBs.
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Obscuration Correlations

2. Blue hosts produce and blue GRBs.
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Obscuration Correlations

3. do not produce many GRBs.
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Obscuration Correlations

4. Blue SMGs do produce GRBs (but not red GRBs?)
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Conclusions

1. produce , hot blue GRBs.
2. Blue hosts produce and blue GRBs.
3. do not produce many GRBs.

4. Blue SMGs do produce GRBs (but not red GRBs?)
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Conclusions

1. produce , hot blue GRBs.
— Dust in massive galaxies is globally distributed.
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Conclusions

1. produce , hot blue GRBs.
— Dust in massive galaxies is globally distributed.
Moderately metal-rich systems produce a few GRBs.

2. Blue hosts produce and blue GRBs.
— Dust in low-mass galaxies is present, but heterogeneous:
Some sightlines are dusty, others dust-free (geometry)

3. do not produce many GRBs.
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— Dust in massive galaxies is globally distributed.
Moderately metal-rich systems produce a few GRBs.

2. Blue hosts produce and blue GRBs.
— Dust in low-mass galaxies /s present, but heterogeneous:
Some sightlines are dusty, others dust-free (geometry)

3. do not produce many GRBs.

4. Blue SMGs do produce GRBs (but not red GRBs?)
— Chemically heterogeneous systems:
GRB production can still occur in blue, outer parts
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Conclusions

1. produce , hot blue GRBs.
— Dust in massive galaxies is globally distributed.
Moderately metal-rich systems produce a few GRBs.

2. Blue hosts produce and blue GRBs.
— Dust in low-mass galaxies /s present, but heterogeneous:
Some sightlines are dusty, others dust-free (geometry)

3. do not produce many GRBs.
— Chemically homogeneous, very metal-rich systems:
GRB production is stifled? (Or, super-young progenitor...)

4. Blue SMGs do produce GRBs (but not red GRBs?)
— Chemically heterogeneous systems:
GRB production can still occur in blue, outer parts
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