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GRBs as cosmological probes
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Golden Age of Gamma-Ray Bursts

Bloom et al. (2009)
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Golden Age of Gamma-Ray Bursts

Bloom et al. (2009)
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Golden Age of Gamma-Ray Bursts

Greiner, Kruhler, Fynbo, et al. (2010)
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Golden Age of Gamma-Ray Bursts

Greiner, Kruhler, Fynbo, et al. (2010)
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Golden Age of Gamma-Ray Bursts

Tanvir et al. (2009), Salvaterra et al. (2009)
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Krahler, Rau, Greiner et al. (2010)

Rau, McBreen, Krihler, Greiner (2009)
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Golden Age of Gamma-Ray Bursts
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Gamma-ray burst - SN connection
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Gamma-ray burst - SN connection




Gamma-ray burst - SN connection

GRB with spectroscopically confirmed SN
GRB 12 + log(O/H) (Te) Host type Ms References

980425 0.0085 8.25 Dwarf spiral -17.6 Hammer et al. (2006)
020903 0.25 7.97 Irregular -18.8 Hammer et al. (2006)
030329 0.168 7.72 Irregular -16.5 Levesque et al. (2010)
031203 0.105 8.02 +0.15 Irregular -21.0 Prochaska et al. (2004)
060218 0.0335 7.54+0.16 Irregular -15.9 Wiersema et al. (2007)
100316D 0.0591 8.23 +0.15 Spiral? Irr? -19 Starling et al. (2010)




GRB environment

GRB host galaxies
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GRB environment
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GRB environment
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GRB environment

Light distribution of Wolf-Rayet stars vs. GRBs
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GRB environment

Light distribution of Wolf-Rayet stars vs. GRBs
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GRB environment

Light distribution of Wolf-Rayet stars vs.
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GRBs and the Cosmic Chemical Evolution

GRB 030323 z=3.372 (Vreeswijk et al. 2004)
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GRBs and the Cosmic Chemical Evolution
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GRBs as cosmological probes
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GRBs as cosmological probes
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Cosmic chemical evolution with GRBs
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Cosmic chemical evolution with GRBs
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Cosmic chemical evolution with GRBs
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Cosmic chemical evolution with GRBs
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ow can we relate the GRB-host population




The Galaxy Evolution context

Madau plot per stellar-mass bin

‘f all galaxies
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The Galaxy Evolution context

Mass—metallicity relation

12+log (0/H)

Cosmic chemical enrichment

Galaxy stellar mass =————— |-

Savaglio, Glazebrook, Le Borgne, et al. (2005)
(see also Tremonti et al. 04, Erb et al. ‘06, Maiolino et al. ’08)



The Galaxy Evolution context
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GRB-DLAs vs. QSO-DLAs

GRB-DLA

Pontzen et al. (2010)
(see also Fynbo et al. 2008)




GRB-DLAs vs. QSO-DLAs

GRB-DLA
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Pontzen et al. (2010)
(see also Fynbo et al. 2008)




GRB-DLAs vs. QSO-DLAs
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GRB-DLAs vs. QSO-DLAs
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GRB-DLAs vs. QSO-DLAs

- —— GRB-DLA _
redshift

3 4 5 6
T 1

QSO-DLAs

(H/0) 8ol + 21

10

Age of the Universe (Gyr)
Savaglio et al. (2005)

GRB hosts 0<z< 2.4

(Savaglio, Glazebrook, Le Borgne 2009)

Pontzen et al. (2009)




Mass-Metallicity relation
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Is there a connection between




Double absorbers in GRB afterglows
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Double absorbers in GRB afterglows




Double absorbers in GRB afterglows
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Double absorbers in GRB afterglows




Double absorbers in GRB afterglows
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Sub-millimeter Galaxies

CHANDRA X-RAY
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Sub-millimeter Galaxies

Computer simulation
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Star Formation Rate Density of the Universe

v LBG: Bouwens et al. (2008)
A BO08 (LF integrated)
LAE: Ota et al. (2008)
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Star Formation Rate Density of the Universe
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Star Formation Rate Density of the Universe
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