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Cosmic Star-Formation History
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Cosmic Star-Formation Sites
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F History from GRBs
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Advantages of GRB Selection

pensive

. Optical afterglow redshifts are “cheap”
(1 hr on a 4m telescope typically adequate)

Dust-Unbiased, in principle
Gamma-ray burst and X-ray/radio
afterglows unimpeded by dust

Sensitive to sub-threshold SFR
Host nondetections give a direct co
on importance of undetectable gala

—xtendable to z=8 and potentially higher

No Cosmic Variance
GRB satellites see (close to) the whole sky

Galaxies & GRBs @ Cabo del Gata
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High-z SF History from GRBs
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High-z SF History from GRBs
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High-z SF History from GRBs

Peaks at z~3, not z~2
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Successful high-z GRB detections
imply large z>5 SFRD
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Interpretations

8 *GRB and field-survey measurements of the SFRD do not agree.
S Why not?

1. Field surveys systematically underestimate
(by factor of ~5!) contributions from low-mass

galaxies and high-z galaxies.
e.g., Jakobsson et al. 2012, Kistler et al. 2013

2. GRBs are not uniform star-formation rate
tracers: the rate depends on environment
(e.g., metallicity)

e.g., Modjaz et al. 2008, Levesque et al. 2010, Graham & Fruchter 2012
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Dramatic Metallicity Bias at z~0.5
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Dramatic Metallicity Bias at z~0.5

Oxygen Abundance [12+log(0/H)]
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Dramatic Metallicity Bias at z~0.5
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What about at z>17

< L S e S S
ligh redshift (where
ost GRBs occur), all
gaIaX|es are metal “poor”.  _
L
©. 8.6
S
Direct metallicity %
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practical (except for 2
extremely luminous hosts) 2
© 8.4
o
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Mass (log solar masses)
Kewley et al. 2008, Savaglio et al. 2005,, Erb et al. 2006,
Maiolino et al. 2008,2009
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Hosts at z>1
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Hosts at z>1
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Hosts at z>1
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Dark GRBs

o ’25% of GRBs are ; ¢ . e "
“He.g,Groot et al. 1998, Djorgovski et al. 2001, Cenko et al. 2009 '

No optical afterglow, e gl an

even with early follow-up. T i

 Can't identify host without L aiali s | . vy
X-ray or radio follow-up. &

« Can't measure redshift without
large ground-based telescopes.

Palomar 60-in¢h follow-up of GRB 061222A
~10 minutes after burst

Most are
Perley et al. 2009, Greiner et al. 2011

These hosts were not routinely followed in previous work: bias?
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Dark GRBs & Hosts

jift's XRT (positional accuracy ~1.5") lets us

*locate these bursts and find their hosts.
(At least one of: Chandra, radio, and/or fast NIR follow-up
usually also available to confirm position / host ID)
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Some Dark GRB Hosts
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Sample Selection
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Optical Host Mosaic
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Near-IR Host Mosaic
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Spitzer Host Mosaic
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Redshift Measurement
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Redshift Measurement
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SED Fitting

Specific flux vf, (erg cm?s™)
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SED Fitting

Specific flux vf, (erg cm™@s™)
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Comparisons at z~1

Pre-Swift events only:
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Comparisons at z~1

R .
% Samples overlap considerably...

Combined pre-Swift + dark sample:
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Comparisons at z~1

ut on average, obscured hosts are more massive, star-forming, and dusty.

Combined pre-Swift + dark sample:
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Comparisons at z~1

Combined pre-Swift + dark sample:
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Comparisons at z~1

|s produces modest changes in the population averages.

Combined pre-Swift + dark sample: Blue=unobscured GRB,
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Comparisons vs. Field Galaxies at z~1

Combined sample versus field galaxies:
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oks “consistent” with field galaxy number distributions...

Grey points: field galaxies from MOIRCS deep survey
(Kajisawa et al. 2011), omitting AGN (hard X-ray detection).
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Comparisons vs. Field Galaxies at z~1

Veighting by SFR is essential. Null hypothesis is Rers « SFR.

Grey points: field galaxies from MOIRCS deep survey
(Kajisawa et al. 2011), omitting AGN (hard X-ray detection).

Combined sample versus field galaxies: Point size scaled by UV+IR SFR.
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Comparisons vs. Field Galaxies at z~1

Combined sample versus field galaxies:

Stellar mass (M,)
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Comparisons vs. Field Galaxies at z~1

“Calculate z-dependent median (mass,SFR,Av) of SFR-weighted population.
Half of GRBs should be above median, half below (if Rere « SFR)

Combined sample versus field galaxies:

Stellar mass (M,)
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Comparisons vs. Field Galaxies at z~1

Stellar mass (M,)
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Comparisons vs. Field Galaxies at z~1

" FOr more resolution, use quartlles
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Comparisons vs. Field Galaxies at z~1

" 1GRBs are poor
tracers of star-
formation at z~1,

even when dark GRBs are
included.
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Comparisons vs. Field Galaxies at z~1

. fr"écers of star-

formation at z~1,

even when dark GRBs are
included.
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GRBs vs SFR at z~2

HST IR Snapshot program VLT Optically Unbiased Host
Project (“TOUGH?)
45 randomly selected optically- 69 uniformly selected Swift GRBs
bright Swift GRBs (known z<3) observed to limits of R~27 AB mag
observed to limit of H~25 AB mag and
Tibbets-Harlow et al. in prep Hjorth et al. 2012

Malesani et al. in prep.
Jakobsson et al. 2012
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GRBs vs SFR at z~2

% Use magnitudes and colors as substitutes for formal SED modeling.

Dark + pre-Swift + Snapshot + VLT

H-band magnitude (mass proxy)| s R-K color (age+dust proxy)
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GRBs vs SFR at z~1

| de by star-formation quartiles, repeating analysis at z~1 first:
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GRBs vs SFR at z~2

B}Vide by star-formation quartiles at z~2. Trend still present (but less pronounced)
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Conclusion

_ *GRBs are biased SFR tracers until at least z~2.
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Conclusion

are biased SFR tracers until at least z~2.

GHME
UOVER
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Conclusion

_ *GRBs are biased SFR tracers until at least z~2.
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Conclusion
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Conclusion
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Origins of GRB Rate Variations

The number of GRBs per unit SFR can depend on (at least)
»  two classes of variables.

* |ISM chemical properties
(affect stellar evolution):

Metallicity

* |ISM physical properties
(affect star formation & IMF):
UV radiation field.

Gas density.
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Origins of GRB Rate Variations

The number of GRBs per unit SFR can depend on (at least)
~two classes of variables.

* |ISM chemical properties

(aﬁeCt Stel_la.r evolution): Stellar Initial Mass Functions
Metallicity L00 T
) I ]
o
* |ISM physical properties &
(affect star formation & IMF):  § ,16L! ]
. . . 0 Cr e, Jalneterss
UV radiation field. g s ‘
Gas density. — St TN
----- e :
BGO2
001 Chabrierdd
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Origins of GRB Rate Variations

The number of GRBs per unit SFR can depend on (at least)
~two classes of variables.

* |ISM chemical properties

(aﬁeCt Ste”ar evolution): Stellar Initial Mass Functions

Metallicity L0 T TR T
should correlate with / : p/ 3
b

* |ISM physical properties &

(affect star formation & IMF):  § ,16L! ]
UV radiation field. I e ‘
Gas density. : s i TR
should correlate with SFR/sSFR. _ Kroupa01 o
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Origins of GRB Rate Variations
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Origins of GRB Rate Variations
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Origins of GRB Rate Variations

1D12|||||

no effect

Q1 Q2 Q3 Q4

Stellar Mass

Hedsh|ﬁ

0.5 1.0 1.5
Redshift

2013-09-27 ‘ Daniel Perley ‘ GRBs as Tracers of Cosmic Star Formation

E

Q1 Q2 Q3 Q4

0. 0 1.0 1.5
Hedshiﬂ

Effect only in

10"F

107F

iy

Hedsh|ﬁ

= 10"

. .51(1“

youngest

galaxies
= L 4 ©
= ' {c ©
- 1= @
L T ws
: : e
Q1 Q2 Q3 a4 3

Specmc-SFF%
1107

Equivalent age 1/sSFR, yr

Galaxies & GRBs @ Cabo del Gata

95



GRBs in submillimeter galaxies?

,-;,F":ehsest, most rapidly star-forming galaxies in the Universe
« are the dusty cores of SMGs. Do we find GRBs there?
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GRBs in submillimeter galaxies?

er sest, most rapidly star-forming galaxies in the Universe
' the dusty cores of SMGs. Do we find GRBs there?

TOINTL
TN

When GRBs are found in SMGs they
are in unobscured regions, not the
dusty cores! (e.g. Michalowski+2009)
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Origins of GRB Rate Variations

The number of GRBs per unit SFR can depend on (at least)
#.two classes of variables.

* |ISM chemical properties
(affect stellar evolution):

Metallicity

should correlate with

* |ISM physical properties
(affect star formation & IMF):
UV radiation field.
Gas density.
should correlate with SFR/IsSFR.
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Quantifying metal dependence

Is there a regime where GRB rate variations
(due to e.g. metallicity) can be ignored?

RGRB
SFR

> —
Galaxy mass / Galaxy mass /
ISM metallicity ISM metallicity
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Quantifying metal dependence
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Quantifying metal dependence
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Quantifying metal dependence
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Quantifying metal dependence
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Quantifying metal dependence

. o S|gn|f|cant luminosity dependence
“ below M < 10%° M. observed so far —
consistent with a ~1/2 Zo “threshold”.
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Conclusions

GRBS at z<2 are not unbiased tracers of star-formation.

Consistent with metallicity dependence.
Possible secondary amplification of GRB rate in high-sSFR galaxies?

Rate variation levels off at low-mass end
No further variation below <10°M_ @ z~1

Metallicity “threshold” at ~0.5Z _ may be real
Still viable tracers for low masses, z>37 Maybe...

Dark burst hosts are very different from unobscured hosts.

Including both unobscured and obscured bursts in correct proportion
is critical for statistical analysis and further progress!
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