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Star Formation Tracers

When, where, and how did the stars

in the Universe today form?

— Find and quantify star formation as a function
of environment and time.

General idea:

Find an observable that scales roughly
linearly with star-formation rate,
independent of other factors. R g

Ultraviolet emission

(+treprocessed analogs: nebular lines, PAH lines, FIR)

from massive stars is the most
common star-formation
iIndicator.
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Field-Survey Strategy
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Cosmic Star-Formation History
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Limitations of Field Surveys
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Gamma-Ray Bursts
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Gamma-Ray Bursts

photon flux

1 hr spectrum on
4m telescope
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Gamma-Ray Bursts
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Advantages of GRB Selection

Inexpensive bwcnd, 21' K }’/
Optical afterglow redshifts are cheap \ wv 3 “-"-*

(Host follow-up not as cheap, but still doable.)

Dust-Unbiased, in principle
Gamma-ray burst and X-ray/radio
afterglows cut through dust

Sensitive to sub-threshold SFR

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

Dust-biased, in practice TR RPN
The “easy” redshift requires optical afterglow| -~
(wiped out by dust) ot | TLE I Y

Host studies require a host position R . B j
(multiwavelength follow-up needed) R it

Only 1 in ~1000 massive stars produces a GRB
Potential for strong sensitivity to additional variables
other than SFR)!
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200 Redshifts and Counting
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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
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High-z SF History from GRBs
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1. Much more star-formation 2. Many GRBs missed due to dust.

in high redshift systems than _
field surveys are indicating 3. GRBs are imperfect SFR tracers.
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Differences Persist at z~0.5
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Differences Persist at z~1-3
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Differences Persist at z~1-3
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Differences Persist at z~1-3
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2. Many GRBs missed
due to dust.

3. GRBs are imperfect
SFR tracers.
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Differences Persist at z~1-3
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Follow-up with Swift

. »
.
%
J,s“ UVOT
Spacecraft
.
" UV position
’ (sometimes)
Swift X-ray @’/ 1)
error circle
(2”)

Swift
gamma-ray |
error circle

e (60”)

2012-11-02 Daniel Perley GRBs as Tracers of Cosmic Star Formation UCR Astronomy Seminar 23



Follow-up with Swift
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Recognizing Dusty Events with XRT
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Recognizing Dusty Events with XRT
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Recognizing Dusty Events with XRT

103 T T ! o rrrr ! rrTrr ! ror e
GRB 070521

X-ray flux density (uJy)

/T

1074 e ] L
102 10°

il L Lo
10*
X-ray Observed time after GRB (s)

10° 10°

optical

Flux fv —

O
v?’ R

Frequency —

2012-11-02 Daniel Perley GRBs as Tracers of Cosmic Star Formation UCR Astronomy Seminar 27



Recognizing Dusty Events with XRT
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Selecting a Dusty-GRB Host Sample

Selection: “Every” Swift-era burst with
clear indication of Av > 1 mag

Afterglow SEDs
.{  GRB 070306 1 GRB 070521 | GRB 080607
10 2 A, > 3.3 mag Ed A, > 10.9 mag > 3.3 mag E

107}

Normalized flux density f /f,

10" LV

10" 10* 10°

10* 10° 102
Wavelength (A)

102 101
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Selecting a Dusty-GRB Host Sample

Selection: “Every” Swift-era burst with

clear indication of Av > 1 mag
Afterglow SEDs

GRB DBDSD?
> 3.3 mag

2 GRB 070306 { GRB 070521
107 & A, > 3.3 mag E3 A, >10.9 mag

107}

101;

109;

Normalized flux density f /f,

—
<

10’

10* 10° 10°
Wavelength (A)

10° 10

Approx 30 events from 2005-2009
2 with optical afterglow redshift
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Optical Host Mosaic
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Spitzer/IRAC Host Mosaic
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Redshift Measurement
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Redshift Distribution

Broadly similar to overall redshift distribution
(possibly more strongly concentrated at z~2)
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SED Fitting
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SED Fitting
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Stellar Mass versus Redshift
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Host Extinction versus Redshift
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(Corrected) UV SFR versus Redshift
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(Corrected) UV SFR versus Redshift
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Radio SFR versus Redshift

3/ 14 detected with EVLA (to 10 pJy): very high SFRs
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Good Star Formation Tracers After All?
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Swift Extinction Distribution

Greiner+2011
Kruehler+2012
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Swift Extinction Distribution
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Swift Extinction Distribution
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Swift Extinction Distribution
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Good Star Formation Tracers After All?
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Good Star Formation Tracers After All?

1D12_IIIIIIIII T T 17T 17T 17T 17T T°71 T T T 17T 1T 1T T1T°1 T 1T 17T 17T 17T 17T T°1

10" ! @ ? E
median SFR-Wel ’teg ntss
3 ; :

2
4 g e B, } ¢9
E &y - ' %
¢ j o %, j = _

B
i O J;‘;"1— g - |
10‘-‘:—§’ }¢ —

1D8 L1 1 1 1 1 1 1 1 I L1 1 1 1 1 1 1 | | | Y N S [ N N | I L1 1 1 1 1 1 1 1

Redshift

2012-11-02 Daniel Perley GRBs as Tracers of Cosmic Star Formation UCR Astronomy Seminar 48



Good Star Formation Tracers After All”?

N O = (atleast, not at z~1)

Relative to the SFR(mass) distributions in MOIRCS deep survey...

GRBs remain highly biased tracers of SFR at
z~0.5-1.5,

Rate suppression is at least a factor of >5 for
M > few x 10© M_ galaxies versus

M ~ few x 10° galaxies

Consistency may improve at higher-z, but extreme caution is warranted!

2012-11-02 ‘ Daniel Perley ‘ GRBs as Tracers of Cosmic Star Formation UCR Astronomy Seminar 49



Where is the dust?
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Where is the dust?
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Extinction-Mass Correlation
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Extinction-Mass Correlation
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Extinction-Mass Correlation
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GRBs occur in all types of high-z star-forming galaxies.
High-mass and low-mass, dwarf to ULIRG/SMGs

No strict cutoff/aversion of any large-scale environment.

GRBs at z~1 are not unbiased tracers of star-formation.

Factor of ~5-10 suppression above ~3 x 101 M_.

Metallicity effect? Clue to the nature of the progenitor.

Relation above z>1.5 or at lower masses unclear.
(Still usable as a limited SFR tracer in some regimes?)

Nevetheless, GRBs confirm that:
Dust correction is not a major concern in low-mass galaxies

Dust in high-z galaxies is relatively homogeneous, with exceptions
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The Exceptionally Luminous GRB 080607
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