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Very few GRB afterglows 
bright enough for UVES

Fynbo, Jakobsson et 
al. (2008) - see poster
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VLT Rapid-Response Mode

• allows automatic observations at the Very Large Telescope

• approved program defines observations (OBs)

• activation through upload of ftp file

‣ name: description of observation

‣ content: RA and DEC

• if various conditions met (observability, instrument 
mounted, etc.), then current observation read-out, and 
slew to new position

• delay activation-observation: 5-10 minutes for UVES

• visiting astronomer loss of time is compensated in service 
mode 



GRB ΔT
(hh:mm) z exptime

(hours) log NHI [X/H] program

021004 13:31 2.329 2.0 19.0 Fiore/van 
den Heuvel

050730 04:09 3.969 1.7 22.10 -2.18 Fiore

050820 00:22 2.615 1.7 21.05 -0.39 Vreeswijk

050922C 03:33 2.199 1.7 21.55 -1.82 Fiore

060418 00:10 1.490 2.6 Vreeswijk

060607 00:08 3.075 3.3 17.20 Vreeswijk

071031 00:09 2.692 2.6 22.15 -1.73 Vreeswijk

080310 00:13 2.427 1.3 18.80 -1.39 Vreeswijk

080319B 00:09 0.937 2.1 Fiore/
Vreeswijk

080413 03:42 2.435 2.3 21.85 -1.60 Vreeswijk

UVES GRB sample



example: GRB 060607

Smette, Savaglio, Ledoux et al. (2008)



example: GRB 060607

Smette, Savaglio, Ledoux et al. (2008)



example: GRB 060607

Smette, Savaglio, Ledoux et al. (2008)



QSO absorbers
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Figure 1: The technique of QSO absorption line spectroscopy is illustrated in this montage (courtesy of John Webb). QSOs are among the
brightest and most distant objects known. On the long journey from its source to our telescopes on Earth, the light from a background QSO
intercepts galaxies and intergalactic matter which happen to lie along the line of sight (and are therefore at lower absorption redshifts than
the QSO emission redshift). Gas in these structures leaves a clear imprint in the spectrum of the QSO in the form of narrow absorption lines
which carry a wealth of information on the physical properties and chemical composition of the gas producing the absorption. The strong ab-
sorption feature near 4600 Å is a damped Lyman alpha line.  

Figure 2: Available meas-
urements of the abun-
dance of deuterium at
high redshift (plotted
against the neutral hydro-
gen column density) ob-
tained via QSO absorp-
tion line spectroscopy of
either Lyman limit (red tri-
angles) or damped Ly-
man alpha (blue circles)
systems. (Adapted from
Pettini & Bowen 2001).  

from John Webb

intervening absorption systems

or grb



intervening absorption systems

Prochter, prochaska, 
chen et al. (2006) 

Sudilovsky, savaglio 
et al. (2007) 

CIV

strong MgII - EW>1Å



intervening strong MgII

Vergani, Petitjean, Ledoux et al. (2008) - see poster   



intervening weaker MgII

Vergani, Petitjean, Ledoux et al. (2008) - see poster   



• strong MgII system overdensity confirmed by UVES 
data

• however: CIV and weaker MgII systems not different 
from QSO sightlines

• discrepancy has not yet been successfully explained 
(see Porciani, Viel & Lilly 2007)

‣ dust obscuration bias

‣ difference in GRB and QSO beam sizes

‣ magnification bias

‣ ejected systems in GRB sightlines

intervening absorbers



high-ionization lines in 071031

Fox, Ledoux, Vreeswijk et al. (2008)



high-ionization lines in 080310

Fox, Ledoux, Vreeswijk et al. (2008)



OVI wings in MW, sub-DLA and GRBs

Fox, Ledoux, Vreeswijk et al. (2008)



• GRB 060418 rapidly localized by Swift (Falcone et al. 
2006)

• desktop computer triggered the VLT Rapid-Response Mode 
automatically thanks to Swift’s prompt XRT position and 
Scott Barthelmy’s GCN system

• start first Ultra-violet and Visual Echelle Spectrograph 
(UVES) exposure 10 min after burst trigger

• time series 3, 5, 10, 20, 40 min and 80 min different setting

• resolution 7 km/s, coverage 330-670nm and up to 950nm

• signal-to-noise ratios: 10-20 per pixel per spectrum

VLT/UVES on GRB 060418



GRB 060418



GRB 060418







distance
z

N(FeII, NiII)

IR excitation / UV pumping model



• distance = 1.7 ± 0.2 kpc

• log N (FeII) = 14.75 ± 0.06

• log N (NiII) = 13.84 ± 0.02

• beta = −0.5 ± 1.0 

• t0 = 74 ± 12 s

• b = 25 ± 3 km/s

• chi-square = 26.2/(31-5)

UV pumping

Vreeswijk, Ledoux, 
Smette et al. (2007)



• distance = 480 pc (250)

• log N (FeII) = 15.51 (15.44)

• beta = −0.56 (fixed) 

• t0 = 15 s (27)

• b = 10 km/s (fixed)

• chi2 = 1.76 (7.30)

GRB 050730

Ledoux, Vreeswijk 
Smette et al. (2008)



• detection of variability of absorption lines from fine-
structure and metastable levels in several hosts

• modeling shows that UV pumping is the responsible 
excitation mechanism with a GRB-cloud distance range of 
0.5-2 kpc (cf. MgI limits of Prochaska et al. (2006): > 
50-100pc)

neutral material not in GRB immediate 
environment

any significant pre-burst neutral absorption 
system closer in must have been ionized

Excited-line variability



Where is H2 in GRB hosts?

Ledoux, Vreeswijk, Smette et al. (2008) 
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see poster



Where is H2 in GRB hosts?

Ledoux, Vreeswijk, Smette et al. (2008) 
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Conclusions

• 30% of UVES GRB host absorbers have log N(HI) < 19   
good news for GRBs as probes of re-ionization

• intervening absorbers: CIV systems or weaker MgII systems 
do not show any overdensity, as do strong MgII systems

• high-ionization analysis suggests the detection of OVI 
outflows from GRB hosts

• FeII and NiII excited-line variability by GRBs allows 
relative distance determinations of neutral gas in high-z 
(GRB) star-forming galaxies

• non-detection of H2 in GRB sightlines not inconsistent 
with QSO-H2 statistics


