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➋ Elements heavier than lithium formed later


 ➔ Stars, supernovae of different types

➌ Today in the solar neighborhood (13.5 billions years later):


 ➔ 71% hydrogen, 27% helium + 2% all other elements 
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Chemical enrichment of the interstellar medium

(Courtesy of John Webb)



Chemical enrichment of the interstellar medium

(Courtesy of John Webb)
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Cosmological Simulations (Nagamine, Springel & Hernquist 2004)



Cosmological Simulations z=3 (Nagamine, Springel & Hernquist 2004)

Ch
em

ic
al

 e
nr

ic
hm

en
t 

Gas content

z=3

Background
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➊ Better understanding of QSO-DLA selection
  

! ➔ Dust effects

➋ Directly observe high redshift galaxies
  

 ➔ Deep NIR galaxy surveys

➌ New probes for cosmology: gamma-ray bursts
  

 ➔ Very steep light curve !

GRB



Light curve of GRB 990123 z=1.6

Fruchter et al. (1999)
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GRB afterglows to study the high-z ISM



Dust extinction in QSO-DLAs



AV=0.6

AV=0.4
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Dust extinction in QSO-DLAs



ALyα=3.5

ALyα=2.3

ALyα=1.2

Dust extinction in QSO-DLAs
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Metallicity evolution of QSO-DLAs

Pettini et al. (1999)

Savaglio (2000)
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➤ Gemini Deep Deep Survey (GDDS): 
    29 galaxies K<20.6  z = 0.38−0.98 

➤ Canada France Redshift Survey (CFRS): 
   66 galaxies K<20.2  z = 0.47−0.92  (Emission lines from: Lilly et al. 2003)

➤ Hᵦ, [OII] & [OIII]  (R₂₃: Kobulnicky & Kewley 2004)

➤ Stellar masses with VIzK photometry  (Glazebrook et al. 2004)

Total stellar mass for 56 galaxies < z > = 0.7  

M★ = 108.1 - 1010.8  
M⨀

ISM in starforming galaxies



Wavelength (Å)

 F

Equal stellar masses
different ages (14-19 Gyr)

Stellar masses from SEDs



Wavelength (Å)

 F

B & V (Bell et al. 2005)

Equal stellar masses
different ages (14-19 Gyr)

Stellar masses from SEDs



GDDS composite spectrum

Savaglio, Glazebrook, Le Borgne et al. (2005)



GDDS composite spectrum

➤ Mean optical extinction AV = 2.20±0.34
Savaglio, Glazebrook, Le Borgne et al. (2005)
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Tremonti et al. (2004)



Slope=0.453±0.054

GDDS
CFRS

Mass-metallicity relation at z ~ 0.7

Savaglio et al. (2005)
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LBGs z≈2 (Erb et al. 2006)

Mass-metallicity relation at z ~ 0.7

Savaglio et al. (2005)
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Redshift evolution of mass-metallicity relation

PÉGASE closed-box models
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Light curve of GRB 990123 z=1.6

Fruchter et al. (1999)
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FWHM≈100 km/s  S/N>50 

GRB 020813 z=1.255 (Barth et al. 2003)

GRB afterglows to study the high-z ISM



GRB 030323 z=3.372 :(Vreeswijk et al. 2004)

GRB afterglows to study the high-z ISM
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All GRBs with 
redshift
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GRB afterglows to study the high-z ISM



Savaglio, Fall & Fiore (2003)
Savaglio & Fall (2004)
Savaglio (2006)
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Dust depletion in GRB-DLAs



Savaglio (2006)

Dust depletion in GRB-DLAs
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Galacitc ISM (Savage & Sembach 1996)

Dust depletion in GRB-DLAs



ISM metal enrichment in GRB-DLAs
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GRB-DLAs

Savaglio (2006)
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Redshift evolution of mass-metallicity relation

GRB 030328 z=0.168 (Gorosabel et al. 2005)
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GRB-DLAs

Savaglio (2006)

Redshift evolution of mass-metallicity relation

GRB hosts





Gamma-Ray Burst Host Studies
S. Savaglio (MPE) K. Glazebrook (JHU) D. Le Borgne (Saclay)

http://www.pha.jhu.edu/~savaglio/ghosts

http://www.pha.jhu.edu/~savaglio/ghosts
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➜ Multi-band opt-NIR photometry and spectroscopy
➜ The largest archive of gamma-ray burst host galaxies

Gorosabel et al. (2005)
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Total stellar mass for the host galaxies

Savaglio, Glazebrook, Le Borgne (in preparation)
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Mass-metallicity relation in GRB hosts

Savaglio, Glazebrook, Le Borgne (in preparation)

GRB hosts

GRB-DLAs



Mass-metallicity relation in GRB hosts

Savaglio, Glazebrook, Le Borgne (in preparation)

SDSS z = 0.1

Local dwarf galaxies
(Lee et al. 2006)

GRB 060218 z=0.033
(Wiersema et al. 2006)
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➊ Missing-metals problem: observed metals less 
! than predicted

➋ GRBs important probes of cosmic metal 
! enrichment

➌ Mass-metallcity relation ➜ Metal rich systems 
! harder to find (hidden by dust)

➍ Future: GRB host galaxy population

Summary


