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(Long) GRBs: Massive Stellar Core-Collapse
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Lighthouses for the High-z Universe
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Tracers of Star-Formation?
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Tracers of Star-Formation?
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Tracers of Star-Formation?

N | ' I
!(u .‘ y _l_ Robertson & Ellis 2011 )
<« 01p TE ST~ X + i
2. R ‘:. “_, 07T~y £ X i
; i o ]
© i X ® i
Px
2 . e :
X
7R '
2
X
% 001 —
o
Behroozi et al. 2011
| | | | | | | | |
0 2 4 6 8
Z
R... =const X Racp, X f(227)
GRB SFR
2012-03-05 ' Daniel Perley ' Dust-Obscured GRB Host Galaxies ' 2012 Hubble Symposium ' 6



Key Differences

Low-z GRB hosts have lower 3 S T dbroady R
SRTIPY : = KDO02

metalliciticies than |c supernovae e lepuraad BAGEE) L e

Modjaz et al. 2008 : ' SR -

s LA

9.0 £ ; ~ ;-"-_J‘-'.'\ '

Low-z GRB hosts are more

irregular than Ib supernova hosts
Fruchter et al. 2006

Oxygen Abundance [12+log(O/H)]

970228 970508 ygroe2s 971214 980326 980329 980519 M 20026z 2002hq 2002hs 4 2002kb g J

1 ’ ¥ - A - o ' e 0

b ¢ i s 4 ]
e 2 & . a»
- : T - il » b

‘_._‘ ._'_.:
—@
|

980613 980703 981226 990123 990506 9905107 | 990705 .
A .
- i ® ¥ |
& ¥ : '._f | 2002ke 2002k 2003N 200308
- 4 - L 1 L L L il 1 L 1 1
s ¥ & 1 | | |
990712 991208 991216 000131 000301c 000418 000926 - ‘
) . : ; ] e . &
” © 0 A ot & ® &, - ’ E
' e i g ‘ oy 7 ‘
; ' Galaxy Magnitude My,
i ;
010222 010921 011030 o2t ot 00127 | 020305 20030 L TR . A
fnt ;
@ & i 3 @ ' by .
‘ & 4 % : g !
i & “ L2
00322, 4020831 | 020405 | 020410 .| o00a7  |020813 < |020903 r .

Y

LY e+ ! g "_“iky ; \ ‘ s
‘1 - * ‘ Y * 2003ea 2003er 2003et 2003ew

021004 021211~ |'030f5. . | 030323 . | 030329 040924 041008 . .
'y il ‘

R S “g s & ) R ; .

2012-03-05 Daniel Perley Dust-Obscured GRB Host Galaxies 2012 Hubble Symposium 7



Key Differences

T T T T T T T T T I

Low-z GRB hosts have lower g BT A
metalliciticies than Ic supernovae PSR IC oIl s OLB]
Modjaz et al. 2008 - % T

9.0

Low-z GRB hosts are more

irregular than Ib supernova hosts
Fruchter et al. 2006

970228 970508 yOBZ& 971214 980329 : ; 2002f 2002hq 2002hs » 2002kb ~ T y . I

7 o [= C =
- * 3 - S ] .

(9 a (:I ){ (Pll () =

i ® 4 . -1

g < 0.4:09Z, l
e o e oo | o - o —20 -22
i e o ‘ B 5‘ Sgll )ﬁlrgmlude M,

010222 010921 011030 ot L [oti2f 020127, | 020305 2003bb 2003be 2003dx . 2003dz

A5 ' 7 I Stének ebgl. 2006,

o

Oxygen Abundance [12+log(O/H)]

°°°°° V0 %« N & | Wolf & Podsiadlowski et all 2007,
04 021211 0‘301151. 63032’; y‘ ‘030’29 OOOOO 041066 % MOdJaZ %al 5008 ‘ &
R B e ) [

2012-03-05 Daniel Perley ‘ Dust-Obscured GRB Host Galaxies 2012 Hubble Symposium 8



Key Differences

Low-z GRB hosts have lower | msNtosdy . e
. age : ; KDO02
metalliciticies than lc supernovae e lepuraad BAGEE) L e
Modjaz et al. 2008 z : i reaadR
% 90
£
Low-z GRB hosts are more g | |
irregular than Ib supernova hosts 2 ™|
Fruchter et al. 2006 g
S
e e %gll C|ty cuﬁoff L "‘Q
b . - ,\; : Z 4‘." 2002 < 0 4 9 Z R
e s el o 7~ _20 29
il g : ‘ e : B 5 Sgll y&l[&vmludeM

#5007 L stlnek ebgl. 2006,

S T R e R WOlf & Podsiadlowski et all 2007 Both methods Struggle at Z>1

e e Sahi o djam %al 5008 ' when most GRBs actually

021004 021211 * losoffs | 030323 - .1 030329 040924 041006 o OCCured,
5 e L

o L sy e S P .

2012-03-05 Daniel Perley ‘ Dust-Obscured GRB Host Galaxies 2012 Hubble Symposium 9



SFH from IR-Luminous Galaxies
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GRB Hosts: Universally Blue?
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Few IRAC Detections
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Low-Mass, Low-Luminosity, Low-Dust
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Low-Mass, Low-Luminosity, Low-Dust
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SFH from IR-Luminous Galaxies
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Host Selection Biases

~1-27 or better:
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Host Selection Biases
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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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Extinction Distribution

Many (but not most: ~20%) GRBs
are highly extinguished.
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~8-25% of Swift GRBs |
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Extinction Distribution
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Swift: X-ray Afterglow Guaranteed
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Bright GRB Hosts: Universally Blue?
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Dark GRB Hosts: Often Very Red
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Dark Hosts Always Detected at 4.5um
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Dusty, Massive, Luminous Systems
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Dusty, Massive, Luminous
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(But Not Always!)
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(But Not Always!)
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Highly-Embedded Star Formation?

Arp 220 SFR >> dust-corrected optical SFR
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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 pdy @ 5 GHz)
for 9 out of 10 Spitzer-brightest hosts
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» Radio/submm observations

No EVLA detection (to ~15 pdy @ 5 GHz)
for 9 out of 10 Spitzer-brightest hosts
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LIRGSs, not ULIRGs
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LIRGs,

not ULIRGs
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Implications for GRBs vs. SFR

Redshift
100%

Contribution to total SFR
at epoch

“Normal” galaxies
(Lg <10" L)

0%
100% _ _ 0%
Fraction of z=0 stellar mass synthesized

2012-03-05 Daniel Perley Dust-Obscured GRB Host Galaxies 2012 Hubble Symposium 36



Implications for GRBs vs. SFR
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Implications for GRBs vs. SFR

Redshift
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Implications for GRBs vs. SFR

Redshift
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Implications for GRBs vs. SFR

Still not enough GRBs from the dustiest galaxies(?)
(more data/analysis coming soon!)

e.g.
GRBs aren't perfect (linear) SFR tracers — Kistler etal. 2008

Butler et al. 2009
but they can happen anywhere. Robertson et al. 2011

What makes them underabundant?
Metallicity?
Complex, non-cutoff rate(Z) relation?
Are cores of dusty galaxies particularly metal rich?
Variable IMF?

If GRBs are from >20 Mo stars, rate should be
ultra-sensitive to variations. Some evidence that
high-z high-sSFR systems are top-light.
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