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ABSTRACT

We present a sample of 77 optical afterglows (OAs) of Swift detected gamma-ray bursts (GRBs) for which
spectroscopic follow-up observations have been secured. Our first objective is to measure the redshifts of the bursts.
For the majority (90%) of the afterglows, the redshifts have been determined from the spectra. We provide line
lists and equivalent widths (EWs) for all detected lines redward of Lyα covered by the spectra. In addition to
the GRB absorption systems, these lists include line strengths for a total of 33 intervening absorption systems.
We discuss to what extent the current sample of Swift bursts with OA spectroscopy is a biased subsample of all
Swift detected GRBs. For that purpose we define an X-ray-selected statistical sample of Swift bursts with optimal
conditions for ground-based follow-up from the period 2005 March to 2008 September; 146 bursts fulfill our
sample criteria. We derive the redshift distribution for the statistical (X-ray selected) sample and conclude that
less than 18% of Swift bursts can be at z > 7. We compare the high-energy properties (e.g., γ -ray (15–350 keV)
fluence and duration, X-ray flux, and excess absorption) for three subsamples of bursts in the statistical sample: (1)
bursts with redshifts measured from OA spectroscopy; (2) bursts with detected optical and/or near-IR afterglow,
but no afterglow-based redshift; and (3) bursts with no detection of the OA. The bursts in group (1) have slightly
higher γ -ray fluences and higher X-ray fluxes and significantly less excess X-ray absorption than bursts in the other
two groups. In addition, the fractions of dark bursts, defined as bursts with an optical to X-ray slope βOX < 0.5,
is 14% in group (1), 38% in group (2), and >39% in group (3). For the full sample, the dark burst fraction is
constrained to be in the range 25%–42%. From this we conclude that the sample of GRBs with OA spectroscopy
is not representative for all Swift bursts, most likely due to a bias against the most dusty sight lines. This should be
taken into account when determining, e.g., the redshift or metallicity distribution of GRBs and when using GRBs
as a probe of star formation. Finally, we characterize GRB absorption systems as a class and compare them to QSO
absorption systems, in particular the damped Lyα absorbers (DLAs). On average GRB absorbers are characterized
by significantly stronger EWs for H i as well as for both low and high ionization metal lines than what is seen in
intervening QSO absorbers. However, the distribution of line strengths is very broad and several GRB absorbers have
lines with EWs well within the range spanned by QSO-DLAs. Based on the 33 z > 2 bursts in the sample, we place
a 95% confidence upper limit of 7.5% on the mean escape fraction of ionizing photons from star-forming galaxies.
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1. INTRODUCTION

The exploration of gamma-ray bursts (GRBs) has been
among the most fascinating in the last decade of astrophysical
research. After the breakthrough in 1997, when X-ray and
optical afterglows (OAs) were discovered (Costa et al. 1997; van
Paradijs et al. 1997), progress has been rapid. The connection
between long-duration GRBs and star-forming galaxies has been
empirically well established. There is an exclusive coincidence
of long-duration GRBs with actively star-forming galaxies (e.g.,
Hogg & Fruchter 1999; Bloom et al. 2002; Fruchter et al. 2006),
the majority of which show elevated specific star formation rates
(Christensen et al. 2004). In several cases, long-duration GRBs
have been directly associated with supernovae (SNe; e.g., Hjorth
et al. 2003; Stanek et al. 2003; Campana et al. 2006; Woosley &
Bloom 2006). Only a decade after the first afterglow detection,
GRBs have allowed us to probe the universe from redshifts of
almost 0 to larger than 8, representing larger look-back times
than accessible with any other class of astrophysical objects
(Jakobsson et al. 2006b; Tanvir et al. 2009; Salvaterra et al.
2009).

An important objective is to use GRBs as cosmological probes
to study star formation primarily in the distant universe. GRBs
may be ideal probes as each burst pinpoints the location of a
single massive star. Hence, GRBs may allow a census of where
massive stars are formed throughout the observable universe
(e.g., Wijers et al. 1998). Through optical spectroscopy of the
afterglows we can measure metallicities, molecular content,
and kinematical properties of the sight lines to bursts within
their hosts. After the bursts have faded away, imaging allows
a detailed study of the host galaxies in emission, providing
a census of the classes of galaxies contributing to the global
star formation density as a function of redshift. There are three
main issues to consider in this context: observational bias,
intrinsic bias, and the influence the GRBs and their afterglows
may have on their environments. Concerning intrinsic bias, it
is believed that massive stars require low metallicity to retain
enough angular momentum to form a GRB (e.g., Hirschi et al.
2005; Woosley & Heger 2006), and the GRBs hence are biased
tracers of star formation (e.g., Guetta & Piran 2007; Kistler et al.
2008). Nevertheless, to establish if the evidence supports a low
metallicity bias, it is necessary to first establish the importance
and possible implications of observational bias, in particular as
such a bias, if it exists, will unavoidably impact the measured
distribution of metallicities for GRBs (see also Berger et al.
2007). Finally, concerning the issue of the impact of the GRBs
and their afterglows on the gas along the line of sight, it is
now well established that UV pumping affects intervening gas
in the hosts (Dessauges-Zavadsky et al. 2006; Vreeswijk et al.
2007; D’Elia et al. 2009a, 2009b; Ledoux et al. 2009). It is
also expected on theoretical grounds that GRB afterglows may
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(PI: Vreeswijk), 077.D-0805 (PI: Tagliaferri), 177.A-0591 (PI: Hjorth),
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destroy dust in the near environment of the burst, possibly out
to as far as 100 pc from the GRB (Fruchter et al. 2001).

To address the issue of observational bias, it is necessary to
build a sample of GRBs for which the incompleteness is well
understood and can be quantified. In this paper, we present a
spectroscopic sample of long-duration GRBs discovered by the
Swift mission (Gehrels et al. 2004) for which follow-up optical
spectroscopy has been secured. The purpose of the paper is
twofold: (1) to discuss the GRB absorbers as a class and compare
this class of absorbers with QSO absorbers, and (2) to discuss
to which extent our current sample of GRBs with measured
redshifts from OA spectroscopy is a biased subsample of all
GRBs. GRB absorbers have been compared with other classes
of absorbers in several papers in the literature (e.g., Jensen et al.
2001; Savaglio et al. 2003; Jakobsson et al. 2006c; Fynbo et al.
2006c; Savaglio 2006; Prochaska et al. 2007, 2008a; Fynbo
et al. 2008d). However, most of these studies have been based
on samples containing only few and/or predominantly optically
bright afterglows. The issue of bias in the samples of GRBs
with measured redshift has been discussed in the literature
before (e.g., Bloom 2003; Fiore et al. 2007; Coward 2009).
Fiore et al. (2007) discussed the importance of selection effects
in the properties of the detection of the GRBs themselves, e.g.,
the sensitivity of the triggering detector as a function of energy.
Coward (2009) argued that there is a learning curve at work in
the following sense: over the years since the launch of Swift,
the mean time taken to acquire spectroscopic redshifts for a
GRB afterglow has evolved to shorter times. He also finds
a correlation between the mean time before a spectroscopic
redshift is secured and the measured redshift suggesting that
low redshift bursts were preferentially missed in the first years
of Swift operation. We have been following the same follow-up
strategy since the launch of Swift. Furthermore, for the present
study we only include Swift bursts detected after 2005 March
where Swift operations were well established. Hence, for the
present study there should be no significant issue with a learning
curve. Here we will rather try to infer to which extent the sample
of bursts with follow-up optical spectroscopy could be biased
against, e.g., dusty sight lines.

The paper is organized in the following way: In Section 2,
we define our sample and provide a list of the GRBs for
which we present spectra in this paper. Section 3 describes our
observations and data reduction. In Section 4.1, we present the
redshift distribution of the statistical sample. In Section 4.2, we
discuss biases in the sample of bursts with OA spectroscopy. In
Section 4.3, we discuss GRB absorbers as a class and compare
them to QSO absorbers. In Section 4.5, we briefly discuss the
intervening absorbers in the sample. Finally, in Section 5, we
offer our conclusions. In Appendices A and B, we provide line
lists and plots of the spectra for the 77 optical GRB afterglows
in our sample and provide notes on individual objects.

Throughout this paper we assume a flat cosmology with
ΩΛ = 0.70, Ωm = 0.30, and a Hubble constant of H0 =
70 km s−1 Mpc−1.

2. THE SAMPLE

The aim of the sample selection is to construct a sample of
long GRBs that is selected independent of the optical properties
of the afterglows and at the same time has as high completeness
in high quality optical follow-up as possible. We find that the
optimal way to build such a sample is by including all Swift
GRBs fulfilling the following criteria (Jakobsson et al. 2006b):
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1. A Swift-detected GRB with observed duration T90 > 2 s.
We wish to build a sample of long-duration GRBs known
to be associated with massive stellar death. We could
choose to make a stronger cut, e.g., T90 > 5 s, in order to
avoid contamination from the long tail of the short-duration
bursts. However, the number of bursts with 2 s < T90 < 5 s
is so small that this would not make a significant difference
for the statistical properties of the sample. Therefore, we
choose to keep the standard operational definition of long
GRBs (Kouveliotou et al. 1993).

2. XRT afterglow position distributed within 12 hr.
With this criterion, we secure that a precise afterglow
position is available quickly, which is crucial for efficient
ground-based follow-up. This criterion also excludes bursts
close to the Moon.

3. Small foreground Galactic extinction: AV < 0.5 mag.
With this criterion, we remove from the sample bursts with
high Galactic extinction. These bursts are also typically
located in very crowded fields. Removing these bursts from
the sample does not introduce any bias in the intrinsic
properties of the bursts.

4. Favorable declination: −70◦ < δ < 70◦.
For bursts close to the poles, the probability of securing
ground-based follow-up is smaller, and we therefore apply
this declination cut to the sample.

5. Sun-to-field distance larger than 55◦.
Bursts that are too close to the Sun cannot be observed from
the ground for very long. With this criterion we will usually
have at least 1 hr during night time to secure a spectrum
within 24 hr after the burst.

About 50% of all Swift GRBs do not fulfill these criteria,
primarily for two reasons: first, Swift has to point close to the
Sun a significant fraction of the time, and second, the fraction
of the sky with Galactic AV > 0.5 mag is about 34%. For bursts
fulfilling the above criteria, we have attempted to detect optical
and near-infrared afterglows and to measure their redshifts.
Also, these bursts will have a high probability of being well
observed by other follow-up teams.

3. OBSERVATIONS AND DATA REDUCTION

In this paper, we include bursts in the time interval from 2005
March to 2008 September. In this period, 146 bursts fulfilled
our sample criteria (see Table 73 in Appendix B). These we
will refer to as the statistical sample in the following. For 69
of these, we present spectroscopic observations in this paper.
Most of the spectra have been obtained through our target-of-
opportunity programs, but we also include a few spectra that we
have obtained from the ESO and Gemini archives.

The spectra were obtained using one of the following in-
struments: (1) the Nordic Optical Telescope (NOT) equipped
with the Andalucia Faint Object Spectrograph and Camera
(AlFOSC); (2) the ESO-VLT equipped with either one of the two
FOcal Reducer and low dispersion Spectrographs (FORS1 and
FORS2), or in rare cases the Ultraviolet and Visual Echelle Spec-
trograph (UVES); (3) one of the Gemini telescopes equipped
with one of the Gemini Multi-Object Spectrographs (GMOS-N
and GMOS-S); (4) the 3 m Shane Telescope at Lick Observa-
tory equipped with the dual-channel Kast spectrometer; and (5)
the Keck telescope equipped with the Low Resolution Imaging
Spectrograph (LRIS; Oke et al. 1995). In Table 1, we provide
further details of each of the instrumental setups applied in this
work.

Table 1

Instrumental Setups Used for Spectroscopic Data Presented in this Work

Telescope Instrument Grating Resolution Range (Å)

VLT FORS1/2 300V 440 3400–9500
VLT FORS1/2 1400V 2100 4600–5900
VLT FORS1/2 1200R 2140 5800–7300
VLT FORS1/2 600I 1500 6600–9400
VLT UVES 45000
Gemini-S/N GMOS-S/N R831 2200 5300–9000

R400 965 5300–9000
R150 315 4500–10000
B600 844 3400–6000

Keck 1 LRIS R300 540 3900–8000
R400 1100 5800–9200

HIRES 45000
Shane-3m Kast 600/7500 1000 3800–10000

800/3460 1500 3800–7310
NOT AlFOSC G4 355 3600–9000

Notes. Resolutions are given for a 1 arcsec slit even though we some times used
a slightly wider slit.

The longslit spectra were reduced using standard methods for
bias subtraction, flat-fielding, and wavelength calibration. Most
of the spectra have been flux calibrated using observations of
spectrophotometric standard stars observed with the same setup
as the afterglow spectra. For a few of the spectra, no standard star
spectra were secured, and here we instead provide normalized
spectra. Afterglows observed with UVES will be discussed in
detail elsewhere (see, e.g., Fox et al. 2008; Ledoux et al. 2009),
and for these bursts, we only show here the spectra and provide
equivalent width (EW) measurements of the Si ii λ1526, and/or
C iv lines.

The spectra have been obtained under very diverse observing
conditions (see Table 2). Given the transient nature of GRBs,
the afterglows often have to be observed at high airmass, with
poor seeing, through clouds and/or with a large Moon phase. In
a few cases, we observed the afterglows in twilight.

The full list of spectroscopic targets is given in Table 2. In the
table, we also include eight bursts that do not fulfill the sample
criteria for which we also have secured spectra. In the following,
we refer to the bursts in Table 2 as the spectroscopic sample.

4. RESULTS

In Appendix A, we provide notes on each burst in our
spectroscopic sample. In Tables 5–72 in Appendix B, we provide
line lists for all lines detected redward of Lyα both from the
GRB absorbers and from the intervening absorption systems.
We provide measurements for all lines for which we can measure
the EWs with a signal-to-noise ratio (S/N) higher than 2. The
EWs are measured in normalized spectra using an aperture
given by two times the resolution full-width-at-half-maximum
(for unresolved lines) or from where the profile reaches 1 on
each side of the profile (for resolved or blended lines). The
error bar includes the statistical noise and the error from the
normalization. For the Lyα lines we do not provide EWs.
Instead, we provide in Table 3 the H i column densities derived
from Voigt-profile fits to the Lyα lines. In cases where several
lines are blended we provide the EWs for the full blend. In
cases where three or more lines are blended we have drawn
a line around the blend in the tables to ease the reading. In
Figure 14 in Appendix B, we show one- and two-dimensional
spectra of each of the 77 bursts listed in Table 2.
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Table 2

Spectroscopic Sample

GRB Instrument Exptime Airmass Seeing ∆t Magacq Redshift Ref.
(ks) (arcsec) (hr)

050319 AlFOSC 2.4 1.1 1.3 34.5 21.0 3.2425 (1)
050401 FORS2 11.6 1.1–1.7 0.7 14.7 23.3 2.8983 (2)
050408 GMOS-N 3.6 21.0 1.2356 (3)
050730 FORS2 1.8 1.2 1.5 4.1 17.8 3.9693 (4)
050801 LRIS 1.8 1.9 . . . 5.7 20.7 1.38 (5)
050802 AlFOSC 4.8 1.2 0.7 11.4 20.5 1.7102 (6)
050820A UVES 12.1 2.1 1.0 0.5 16.0 2.6147 (7)
050824 FORS2 3.0 1.8 0.7 9.5 20.6 0.8278 (8)
050908 FORS1 3.6 1.1 0.6 1.6 20.5 3.3467 (9)
050922C AlFOSC 2.4 0.9 1.3 1.0 16.5 2.1995 (1)
060115 FORS1 3.6 1.3–1.6 0.7 8.9 22.0 3.5328 (10)
060124 LRIS 1.0 1.6 1.0 16.1 19.5 2.3000 (11)
060206 AlFOSC 2.4 1.0 1.2 0.3 17.5 4.0559 (12)
060210 GMOS-N 3.0 1.1 . . . 1.2 20.6 3.9133 (13)
060502A GMOS-N 3.6 1.6 . . . 5.2 21.2 1.5026 (14)
060512 FORS1 3.6 2.5 1.6 3.0 19.9 2.1 (15)
060526 FORS1 9.9 1.1–1.4 1.3 8.8 19.5 3.2213 (1)
060604 AlFOSC 1.2 1.7 1.0 10.0 21.5 �3 (16)
060607A UVES 12.0 1.9–1.0 1.0 0.1 14.7 3.0749 (17)
060614 FORS2 1.8 1.2 0.7 21.1 19.8 0.1257 (18)
060707 FORS2 5.4 1.0 1.1 34.4 22.4 3.4240 (1)
060708 FORS2 3.6 1.2 0.6 43.0 22.9 1.92 (19)
060714 FORS1 5.4 1.1 0.7 8.5 20.4 2.7108 (1)
060719 FORS2 2.4 1.1 2.2 50.0 24.5 �4.6 (5)
060729 FORS2 5.4 2.0–2.6 1.5 13.2 17.5 0.5428 (20)
060807 FORS1 7.2 1.8 0.8 9.5 22.9 �3.4 (21)
060908 GMOS-N 1.8 1.2 1.6 2.0 19.8 1.8836 (22)
060927 FORS1 5.4 1.2 1.5 12.5 24.0 5.4636 (23)
061007 FORS1 5.4 1.2–1.3 0.9 17.4 21.5 1.2622 (24)
061021 FORS1 1.8 1.9 0.8 16.5 20.5 0.3463 (25)
061110A FORS1 5.4 1.4–1.8 0.8 15.0 22.0 0.7578 (26)
061110B FORS1 3.6 1.3–1.5 0.7 2.5 22.5 3.4344 (27)
061121 LRIS 1.2 1.2 . . . 0.2 17.8 1.3145 (28)
070110 FORS2 5.4 1.5–1.9 1.0 17.6 20.8 2.3521 (29)
070129 FORS2 1.8 2.2 1.0 2.2 21.3 �3.4 (1)
070306 FORS2 5.4 1.2–1.3 1.0 34.0 23.1 1.4965 (30)
070318 FORS1 1.8 1.6 0.7 16.7 20.2 0.8397 (31)
070419A GMOS-N 2.4 1.2–1.3 . . . 0.8 20.4 0.9705 (5)
070506 FORS1 2.7 1.6–1.8 1.1 4.0 21.0 2.3090 (32)
070611 FORS2 3.6 1.1–1.2 1.0 7.7 21.0 2.0394 (33)
070721B FORS2 5.4 1.2–1.5 1.2 21.6 24.3 3.6298 (34)
070802 FORS2 5.4 1.2 0.5 1.9 21.9 2.4541 (35)
071020 FORS2 0.6 2.0 1.0 2.0 20.4 2.1462 (36)
071025 HIRES 1.8 1.35 . . . . . . . . . 5.2 (1)
071031 FORS2 1.8 1.2 1.0 1.2 18.9 2.6918 (37)
071112C FORS1 3.6 1.7 1.2 9.0 21.9 0.8227 (38)
071117 FORS1 5.4 1.4 0.9 9.0 23.0 1.3308 (39)
080210 FORS2 1.2 1.8–2.4 1.4 0.7 18.8 2.6419 (40)
080310 Kast 1.8 . . . . . . . . . 17.0 2.4274 (41)
080319B FORS2 3.6 2.1–2.3 1.0 26.0 20.5 0.9382 (42)
080319C GMOS-N 3.6 1.2 1.7 2.4 21.1 1.9492 (43)
080330 AlFOSC 1.8 1.8 1.5 0.8 17.6 1.5119 (44)
080413B FORS1 0.6 1.5 0.5 0.8 19.3 1.1014 (45)
080520 FORS2 5.4 1.2 0.7 7.3 23.0 1.5457 (46)
080523 FORS2 5.4 1.8–2.0 1.0 10.9 23. �3.0 (47)
080603B AlFOSC 2.0 1.3 1.0 2.0 17.5 2.6892 (48)
080604 GMOS-N 1.8 1.3 1.0 1.6 21.9 1.4171 (49)
080605 FORS2 0.6 1.4–1.9 0.9 1.7 20.4 1.6403 (50)
080607 LRIS 5.1 1.0 0.8 0.2 18.9 3.0368 (51)
080707 FORS1 2.4 2.1–2.5 2.2 1.1 19.6 1.2322 (52)
080710 GMOS-S 2.4 1.6 . . . 2.2 . . . 0.8454 (53)
080721 FORS1 1.2 1.5 1.7 10.2 20.0 2.5914 (54)
080804 UVES 4.7 2.1–2.5 0.9 0.8 19.0 2.2045 (55)
080805 FORS2 1.2 1.7 1.0 1.0 21.5 1.5042 (56)
080810 AlFOSC 2.4 1.8 1.0 10.6 19.1 3.3604 (57)
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Table 2

(Continued)

GRB Instrument Exptime Airmass Seeing ∆t Magacq Redshift Ref.
(ks) (arcsec) (hr)

080905B FORS2 0.6 1.3 1.7 8.3 20.2 2.3739 (58)
080913 FORS2 1.8 1.0 1.1 2.0 24.2 6.7 (59)
080916A FORS2 3.6 1.2 0.9 17.1 22.3 0.6887 (60)
080928 FORS2 1.8 1.6 1.1 15.5 20.4 1.6919 (61)
060904Ba FORS1 3.6 1.1–1.3 0.7 5.1 19.9 0.7029 (62)
060906a FORS1 4.8 2.0 0.9 1.0 20.0 3.6856 (1)
060926a FORS1 4.8 1.7–2.4 1.0 7.7 23.0 3.2086 (1)
070125a FORS2 1.8 1.8 0.8 21.0 18.8 1.5471 (5)
070411a FORS2 3.0 1.4–1.7 1.0 5.0 20.8 2.9538 (63)
070508a FORS1 5.4 1.7 1.3 3.8 22.0 �3.0 (64)
080411a FORS1 0.6 2.3–2.6 1.1 2.4 17.5 1.0301 (65)
080413Aa UVES 2.7 1.2–1.6 0.7 3.7 19.0 2.4330 (66)

Notes. We list here the burst names and details of the spectroscopic observations. The column ∆t shows the time after trigger when the spectroscopic
observation was started. Magacq gives the approximate magnitude (typically in the R-band) of the afterglow in the acquisition image.
a Not part of the statistical sample.
References. (1) Jakobsson et al. 2006c; (2) Watson et al. 2006; (3) Foley et al. 2007; (4) D’Elia et al. 2005; (5) This work; (6) Fynbo et al. 2005;
(7) Ledoux et al. 2005; (8) Sollerman et al. 2007; (9) Fugazza et al. 2005; (10) Piranomonte et al. 2006a; (11) Prochaska et al. 2006b; (12) Fynbo
et al. 2006c; (13) Cucchiara et al. 2006b; (14) Cucchiara et al. 2006a; (15) Starling et al. 2006a; (16) Castro-Tirado et al. 2006; (17) Ledoux et al.
2006b; (18) Della Valle et al. 2006; (19) Jakobsson et al. 2006d; Oates et al. 2009; (20) Thöne et al. 2006c; (21) Piranomonte et al. 2006b; (22) Rol
et al. 2006; (23) Ruiz-Velasco et al. 2007; (24) Jakobsson et al. 2006a; (25) Thöne et al. 2006a; (26) Thöne et al. 2006b; Fynbo et al. 2007; (27) Fynbo
et al. 2006b; (28) Bloom et al. 2006b; (29) Jaunsen et al. 2007b; (30) Jaunsen et al. 2008; (31) Jaunsen et al. 2007a; (32) Thöne et al. 2007b; (33)
Thöne et al. 2007a; (34) Malesani et al. 2007; (35) Elı́asdóttir et al. 2009; (36) Jakobsson et al. 2007c; (37) Ledoux et al. 2008; (38) Jakobsson et al.
2007a; (39) Jakobsson et al. 2007e; (40) Jakobsson et al. 2008b; (41) Prochaska et al. 2008c; (42) Vreeswijk et al. 2008c; (43) Wiersema et al. 2008a;
(44) Guidorzi et al. 2009; (45) Vreeswijk et al. 2008d; (46) Jakobsson et al. 2008a; (47) Fynbo et al. 2008c; (48) Fynbo et al. 2008e; (49) Wiersema
et al. 2008b; (50) Jakobsson et al. 2008c; (51) Prochaska et al. 2009; (52) Fynbo et al. 2008f; (53) Perley et al. 2008; (54) Starling et al. 2009;
(55) Thöne et al. 2008d; (56) Jakobsson et al. 2008e; (57) de Ugarte Postigo et al. 2008; (58) Vreeswijk et al. 2008a; (59) Fynbo et al. 2008a; Greiner
et al. 2009; (60) Fynbo et al. 2008b; (61) Vreeswijk et al. 2008e; (62) Fugazza et al. 2006; (63) Jakobsson et al. 2007b; (64) Jakobsson et al. 2007d;
(65) Thöne et al. 2008a; (66) Thöne et al. 2008c.

4.1. Redshift Distribution

Our first objective is to measure the true redshift distribution
of Swift GRBs and in particular to constrain the fraction of Swift
bursts that could be at very high redshifts (here, z > 6–7). The
error on the redshifts is typically a few permille.

As mentioned in Section 2, 146 Swift bursts fulfill our se-
lection criteria for the statistical sample in Section 2. Table 73
in Appendix B includes all 146 bursts and their redshift con-
straints. The optical and/or near-IR afterglow is detected for
108 of the bursts. This completeness of 74% is much higher
than for pre-Swift samples where only about 30% of the bursts
have detected optical/near-IR afterglows (e.g., Fynbo et al. 2001;
Lazzati et al. 2002). For the full sample of all Swift bursts ob-
served in the same period from 2005 March to 2008 September,
198 out of 371 (53%) have detected optical/near-IR afterglows,
and this difference between the statistical sample and the full
Swift sample illustrates the motivation for our sample criteria.

The redshift is determined from the OA for 72 bursts in the
statistical sample (five of these are photometric redshifts based
on the detection of the Lyman limit or Lyα forest in the spectral
energy distribution of the afterglow). For an additional 12, the
redshift is determined from the likely host galaxy. For 25 bursts,
an upper limit can be placed on the redshift through detection
of the OA and hence establishing an upper limit to the position
of the Lyman limit or Lyα forest breaks. For the remaining 37,
we have no constraints on the redshift from the OA or host
galaxy (four of these are detected in the J, H, and/or K bands,
but these detections do not provide useful redshift limits, i.e.,
z < 10). For these bursts we follow Grupe et al. (2007) and
assign a redshift upper limit to bursts with excess (over Galactic)
X-ray absorbing column density above an equivalent H i column
density of 2 × 1021 cm−2 (also taking uncertainty into account).

Grupe et al. (2007) used an upper limit of z = 2, but we will be
slightly more conservative and assign an upper limit of z = 3.5
to these bursts (corresponding to an upper limit on the intrinsic
absorbing column of about 1023 cm−2 for Solar metallicity). 10
bursts fulfill this criterion at 90% confidence. We will return to
the issue of X-ray absorption in Section 4.2 below. In Figure 1,
we show the resulting redshift distribution for the full sample
of 146 bursts. Both the median and the mean of the measured
redshifts are 2.2. The fraction of z > 6 bursts is constrained to
be in the range 1%–23% (2–34 out of 146) and the fraction of
z > 7 bursts is less than about 18% (27 out of 146). Based on
detections of likely host galaxies of dark bursts,23 Perley et al.
(2009b) constrain the fraction of z > 7 bursts further to <7% at
90% confidence. A similar conclusion is reached from a study of
a complete sample of GRB host galaxies (J. Hjorth et al. 2010, in
preparation). It has been argued that the redshift measurements
of Swift GRBs show evidence for a “learning curve” in the sense
that the mean time before a spectrum is secured is decreasing
and that the mean redshift is also decreasing as a function of
time since the launch of Swift (Coward 2009). In Figure 2,
we plot the magnitude of the afterglow at acquisition against
the time since burst and color code the points by redshift. The
mean (median) times after burst at the start of integration are
9.7 (9.5) hr, 9.6 (8.5) hr, 10.4 (7.7) hr, and 5.3 (2.0) hr for 2005,
2006, 2007, and 2008, respectively. The corresponding median
redshifts are 2.9, 2.7, 2.0, and 2.0. Hence, there does seem to be
a tendency for the bursts to be spectroscopically observed earlier
and for the median redshift to decrease. However, the effect is
very small and the scatter is large. If we simply split the sample

23 Note that this work uses a somewhat different definition of dark bursts than
the one we use in Section 4.2.3.
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Figure 1. Redshift distribution of 146 Swift GRBs localized with the X-ray
telescope and with low foreground extinction (AV < 0.5). We indicate with
different colors and shading bursts depending on whether the redshift is based on
afterglow spectroscopy, host emission lines (or both), or a photometric redshift
based on the OA broadband colors. Bursts for which only an upper limit on the
redshift could be established from photometry of the OA are indicated by arrows.
The red histogram at the left indicates the 28 bursts with no OA detection, weak
or absent X-ray absorption, and no redshift measurement from the underlying
host galaxy. For these bursts no redshift constraint could be inferred. The red
block at the top indicates the 10 bursts for which the OA was not detected, but
an upper limit of z = 3.5 could be placed based on excess X-ray absorption.

0.1 1.0 10.0 100.0
Hours after the burst

24

22

20

18

16

14

[R
,i,

z]
-m

ag

1 2 3 4 5 6
Redshift

Figure 2. R-, i-, or z-band magnitude of the OAs in the acquisition image for
the spectroscopy as a function of the time when the spectroscopic observations
were started. The color bar in the top indicates the color code for the measured
redshifts. Black points represent spectra for which we were not able to determine
the redshift.

in two at the median time after trigger of 5 hr then we find that the
mean redshifts and standard deviations for triggers before and
after 5 hr are 〈z〉 = 1.9, σ (z) = 1.2, and 〈z〉 = 2.5, σ (z) = 1.2,
respectively.

4.2. How Biased Is the Optical Afterglow Spectroscopy
Sample?

Whereas there is evidence that the QSO-DLAs (damped Lyα
absorbers) drawn from samples of optically selected QSOs are

Figure 3. Sun angle distribution for members of the statistical sample.

fairly representative for the full underlying population (Ellison
et al. 2001; Akerman et al. 2005; Ellison et al. 2008), this may
well not be the case for the sample of GRB absorbers with
OA spectroscopy. It was found soon after the discovery of OAs
that some bursts are very faint in the optical (e.g., Groot et al.
1998). There is growing evidence that such bursts are mainly
associated with dusty sight lines (e.g., Levan et al. 2006; Watson
et al. 2006; Berger et al. 2007; Jaunsen et al. 2008; Tanvir et al.
2008b; Elı́asdóttir et al. 2009; Prochaska et al. 2009; Perley
et al. 2009; Zheng et al. 2009). Due to its high fraction of
optical follow-up (and X-ray selection), our statistical sample is
ideal to address this issue quantitatively.

In the following, we divide our statistical sample into three
groups: (1) bursts with redshifts measured from optical spec-
troscopy of the afterglow; (2) bursts with a detected OA, but no
afterglow-based redshift measurement; and (3) bursts with no
detection of the OA.

4.2.1. Distribution of the Sun Angle

As described in Section 2, we have defined our sample to
only contain bursts with good conditions for optical/near-IR
follow-up conditions. Nevertheless, it is clear that all the bursts
in the statistical sample did not have equally good conditions
for being observed from ground. In Figure 3, we compare the
Sun angle distribution for the three samples. The Sun angle is
a good measure for how long a burst can be observed during
night time from the ground. It is clear that bursts with no OA
detections tend to be closer to the Sun and hence are more
difficult to observe. This is one of the contributing reasons why
these bursts do not have detected OAs.

4.2.2. Distributions of High-energy Properties

In addition to the observational differences, we are interested
in revealing astrophysical differences between the bursts in the
statistical sample. Essentially all long GRBs have an X-ray
afterglow. In particular, in our statistical sample all bursts have
available X-ray spectra from Swift (e.g., Evans et al. 2009). It
is therefore interesting to compare the X-ray properties such as
excess absorption and flux at fixed observed times for the sample
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Figure 4. BAT T90 distribution for members of the statistical sample.

(A color version of this figure is available in the online journal.)

Figure 5. BAT fluence distribution for members of the statistical sample.

(A color version of this figure is available in the online journal.)

of GRBs with follow-up optical spectroscopy with those that do
not. It has been found that the fluence of the prompt emission
correlates with the flux of the X-ray afterglow at fixed rest-
frame times (Nysewander et al. 2009). We therefore compare
both gamma-ray and X-ray properties of the three subsamples.
The results are shown in Figures 4–7 (note that the number of
bursts in each group is slightly different in the three plots as some
of the measurements were unavailable for a few of the bursts). In
Table 4, we provide the Kolmogorov–Smirnov (KS) test based
probabilities that these three subsamples are drawn from the
same underlying distributions. It is clear that bursts in groups
(2) and (3) have fainter afterglows and in particular more excess
absorption than bursts in group (1). The most striking difference
is the X-ray excess for which it is firmly excluded that groups

Figure 6. XRT flux distribution at 20,000 s post burst for members of the
statistical sample.

(A color version of this figure is available in the online journal.)

Figure 7. XRT excess absorption distribution (assuming z = 0) for members of
the statistical sample.

(A color version of this figure is available in the online journal.)

(1) and (3) are drawn from the same underlying distribution. A
similar conclusion was reached by Schady et al. (2007a) based
on a smaller sample.

4.2.3. Dark Bursts

We follow the definition of dark bursts advocated by Jakobs-
son et al. (2004), whereby dark bursts are defined as bursts with
an optical to X-ray spectral slope βOX < 0.5. The fact that group
(1) is not representative for all bursts in the statistical sample is
confirmed by the fraction of dark bursts in the three subsamples
(see Figure 8). For four bursts in the sample, it was not possible
to calculate βOX due to insufficient data (three from group (2)
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Figure 8. Dark burst diagram (Fopt vs. FX), first presented in Jakobsson et al. (2004), for the statistical sample. GRBs with βOX < 0.5 are defined as dark bursts. The
βOX values were calculated in an almost identical way as in Jakobsson et al. (2004). The only difference is that here we did not use 11 hr as a reference time. Rather,
when possible, we selected measurements obtained a few hr after a burst to avoid the early stage of the X-ray canonical behavior. For low-z bursts we also avoided
late-time measurements to prevent any host contamination in the OA flux.

(A color version of this figure is available in the online journal.)

and one from group (3)). In group (1) the fraction of dark bursts
is 14% (10/72), in group (2) it is 38% (12/32), and in group
(3) the fraction has a lower limit of 39% (15/38). In the full
statistical sample, the fraction of dark bursts is constrained to
be in the range 25%–42%. Note that the βOX < 0.5 definition
of dark bursts is conservative in the sense that a burst with an
intrinsic βOX = 1.25 can suffer from ∼ 6 mag extinction in the
observed R-band and still have an observed βOX > 0.5.

A contributing factor to the increasing “darkness” from
groups (1) to (3) could be a different fraction of bursts with
cooling breaks between the optical and X-ray bands (Pedersen
et al. 2006). However, the fact that GRBs in groups (2) and (3)
have more excess absorption than bursts in group (1) shows that
dust extinction of the optical light is most likely the dominating
factor for the higher dark burst fraction in groups (2) and (3).
This is made clearer from Figure 9 where we plot βOX against
excess absorption for the full statistical sample. Bursts with
βOX < 0.5 also have higher excess absorption than bursts with
βOX > 0.5. The nine dark bursts in group (1) are GRBs 050401,
050904, 060210, 070802, 080319C, 080605, 080607, 080805,
and 080913. Two of these are dark due to high redshifts (z > 6)
and the rest probably due to a combination of high hydrogen
column densities and high metallicities and hence, high dust
column densities.

4.3. GRB Absorption Systems Compared to QSO Absorption
Systems

QSO absorption systems have been studied since the dis-
covery of QSOs, and for these systems, a classification is well
established (Weymann et al. 1981). Weymann et al. (1981) di-
vided the QSO absorbers into four classes: (A) associated broad
absorption line systems, (B) associated narrow line systems,
(C) intervening narrow metal line systems, and (D) intervening
Lyα forest systems. Classes C and D are further divided into
subclasses such as Mg ii absorbers, C iv absorbers, DLAs, sub-
DLAs, etc. Clearly, these classes are not disjunct, i.e., DLAs are
also Mg ii and C iv absorbers, but the opposite is generally not
true. The physical selection mechanism behind GRB absorption

Table 3

H i Column Densities from Spectroscopic Sample

GRB z log(NH i/cm−2)

050319 3.240 20.90 ± 0.20
050401 2.899 22.60 ± 0.30
050730 3.968 22.10 ± 0.10
050820A 2.612 21.10 ± 0.10
050908 3.344 17.60 ± 0.10
050922C 2.198 21.55 ± 0.10
060115 3.533 21.50 ± 0.10
060124 2.30 18.5 ± 0.5
060206 4.048 20.85 ± 0.10
060210 3.913 21.55 ± 0.15
060526 3.221 20.00 ± 0.15
060607A 3.075 16.95 ± 0.03
060707 3.425 21.00 ± 0.20
060714 2.711 21.80 ± 0.10
060906 3.686 21.85 ± 0.10
060926 3.206 22.60 ± 0.15
060927 5.464 22.50 ± 0.15
061110B 3.433 22.35 ± 0.10
070110 2.351 21.70 ± 0.10
070411 2.954 19.30 ± 0.30
070506 2.308 22.00 ± 0.30
070611 2.041 21.30 ± 0.20
070721B 3.628 21.50 ± 0.20
070802 2.455 21.50 ± 0.20
071020 2.145 < 20.30
071031 2.692 22.15 ± 0.05
080210 2.641 21.90 ± 0.10
080310 2.427 18.70 ± 0.10
080413A 2.433 21.85 ± 0.15
080603B 2.690 21.85 ± 0.05
080607 3.037 22.70 ± 0.15
080721 2.591 21.60 ± 0.10
080804 2.205 21.30 ± 0.15

systems is fundamentally different from those of intervening
QSO absorbers. Hence, the fact that GRB absorbers in many
ways appear similar to mainly DLAs provides interesting new
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Figure 9. βOX plotted against X-ray excess absorption (assuming z = 0). Dark
bursts (defined by βOX < 0.5) tend to have large X-ray excess absorption
consistent with the interpretation that these bursts are obscured by dust. GRBs
in groups (1), (2), and (3) are identified by red squares, black crosses, and blue
plus symbols, respectively.

(A color version of this figure is available in the online journal.)

Table 4

KS Test Probabilities that Bursts in Group (2) (OA Detected, but no OA Based
Redshift) and Group (3) (no OA Detection) are Drawn from Same Distribution

as Group (1)a

Property Group

(2) (3)

0.3–10 keV flux a∗ 20000 s 6.1 × 10−2 4.8 × 10−4

X-ray excess absorption 2.1 × 10−3 7.0 × 10−7

15–350 keV fluence 0.21 3.5 × 10−2

15–350 keV peak flux 0.20 0.29
T90 0.76 0.71

Note. a Bursts with OA-based redshift measurement.

information not only of the properties of the GRB host galaxies,
but also about the physical origin of intervening QSO absorbers.
Specifically, the fact that QSO-DLAs and GRB absorbers look
so similar strongly suggests that DLAs also originate from the
interstellar medium of high-redshift galaxies.

Interestingly, GRB absorbers have overlapping properties not
only with class C of Weymann et al. (1981), but also with
their class B. There are even similarities between the afterglow
spectrum of GRB 021004 and associated QSO absorbers from
class A, namely both very high blueshifts and evidence for line
locking (Savaglio et al. 2002; Møller et al. 2002, but see also
Chen et al. 2007b).

Using our large sample we will here try to characterize the
GRB absorbers as a class in terms of their absorption line
strengths. The low resolution of most of our data prevents us
from comparing properties such as metallicity or kinematical
structure.

4.3.1. Comparison of GRB and QSO-DLA Absorption Systems

The issue of the distribution of H i column densities in
Swift detected long-duration GRBs has already been addressed
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Figure 10. Distribution of H i column densities. Black: QSO-DLAs from the
sample of Noterdaeme et al. (2009). Red: GRB absorbers from the spectroscopic
sample. The numbers of QSO-DLAs have been renormalized to the same number
of objects as the GRB absorbers.

(A color version of this figure is available in the online journal.)

in Jakobsson et al. (2006c). Compared to that study, we
provide here 14 additional measurements. In addition, we have
improved measurements for some of the bursts in Table 3 of
Jakobsson et al. (2006c), e.g., GRB 060607A and GRB 060124.
The column densities for all 33 Lyα lines detected in our
spectroscopic sample are listed in Table 3 and plotted in
Figure 10. The H i distribution covers five orders of magnitude
from 1017 cm−2 to �1023 cm−2. Roughly 80% of the systems
have measured H i column densities above 2×1020 cm−2, which
is the classical definition of a DLA system (e.g., Wolfe et al.
2005). There is evidence that the true distribution may extend
to somewhat higher column densities, namely the fact that the
three bursts with the highest column densities are dark bursts.
The upper range of the distribution may also reflect the transition
where the bulk of the hydrogen is in molecular form (Schaye
2001; Krumholz et al. 2009). We will return to this point in
Section 4.2. The distribution of H i column densities for GRB
absorbers has recently been successfully reproduced in a high-
resolution simulation of galaxy formation simulation (Pontzen
et al. 2009).

Given that the majority of the bursts have column densities
above 1020 cm−2, it is natural primarily to compare GRB
absorbers with the QSO-DLAs.

In Figures 10–12, we compare the distributions of H i and
metal-line strengths for QSO-DLAs and GRB absorbers in
the spectroscopic sample (the histogram for QSO absorbers
is renormalized to have the same number of systems as GRB
absorbers with log NH i > 20.0). In the two latter plots, we
only include GRB absorbers with log NH i > 20.0 where we
have comparison data from Sloan. We have used the original
QSO-DLA sample from Noterdaeme et al. (2009) based on
the Sloan Digital Sky Survey Data Release 6 (SDSS-DR6)
database of QSO spectra. These authors automatically searched
for DLA lines, refining their Lyα fits whenever metal lines
are detected redward of the Lyα forest. We have selected all
systems from their list with log N (H i) � 20 and redshifts in
the range 2.2 < zabs � 3.2, located at least 5000 km s−1 from a
background QSO with R < 21.

The EWs of two metal transition lines, namely, Si ii λ1526 and
C iv λ1549 (i.e., the blend of the 1548 and 1550 Å lines), were
measured. These lines are strong so that they are detected in most
cases and the risk of overestimating their EWs due to blending
with unrelated absorption is minimal. For the measurements
themselves, intervals of rest-frame widths 2 Å (3.5 Å) centered
on the Si ii λ1526 (C iv λ1549) were used. However, those
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Figure 11. Black: QSO-DLAs measurements. Red: GRB absorbers from the
spectroscopic sample with log NH i > 20. Encircled points are dark bursts.
The histograms are normalized to have the same area. Open diamonds: LBGs.
The LBG points are displaced horizontally for visibility reasons. The LBG
measurements represent mean values of four composite spectra representing the
quartiles of increasing Lyα EW from blue to red.

systems where these metal lines lie inside the Lyα forest were
not considered any further.

Among all EW measurements, only those satisfying the
following two criteria were used: χ2

r < 1.5 (where χ2
r is

the reduced χ2) and errEW < 0.3 Å. These thresholds were
determined from the distribution of data points in the χ2

r versus
errEW plane in order to reject unreliable measurements. Among
the remaining measurements, we provide 3σ upper limits when
the S/N is below 3.

Figures 11 and 12 compare the rest-frame EWs of Si ii

and C iv for the GRB-DLAs and QSO-DLAs. We also show
measurements of the strength of these interstellar lines from
Lyman-break galaxies (LBGs) from Shapley et al. (2003).
These measurements represent mean values of four composite
spectra representing the quartiles of increasing Lyα EW from
blue to red. Note that the C iv EWs for LBGs also contain a
stellar contribution so they should be considered upper limits.
For GRB-DLAs and QSO-DLAs, we plot these values against
the N (H i) estimates that separate the GRB-DLAs from the
majority of QSO-DLAs. In all of these comparisons, there
is significant overlap between the QSO-DLA and GRB-DLA
EW distributions, but the GRB-DLA measurements extend to
significantly higher EW values than what is seen in the much
larger QSO-DLA sample. The large data set presented here
confirms the results of systematically larger Si ii and C iv EWs in
GRB-DLAs reported by Prochaska et al. (2008a). Similar results
were found by Savaglio et al. (2004) in a comparison of Fe ii,
Si ii, and Mn ii lines between GRB absorbers and QSO-DLAs.
The LBG measurements fall at the high end of the of GRB-DLA
distribution. The LBG systems with the largest line strengths
(both Si ii and C iv) are those that have the strongest Lyα
absorption. These systems also have the highest dust contents
(Shapley et al. 2003; Noll et al. 2004).

To understand the difference between the GRB-DLA and
QSO-DLA distributions, it is natural to focus on the different
ways the two absorber classes probe their host galaxies (see
also Vreeswijk et al. 2004; Prochaska et al. 2007; Fynbo et al.
2008d). GRB-DLAs probe the sight line to the location of a
massive star with a random orientation relative to the geometry
of the galaxy (ignoring for now the issue of bias). QSO-DLAs
probe H i cross-section-selected random sight lines through their
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Figure 12. Black: QSO-DLAs measurements. Red: GRB absorbers from the
spectroscopic sample with log NH i > 20. The histograms are normalized to
have the same area. Open diamonds: LBGs. The LBG points are displaced
horizontally for visibility reasons. The LBG measurements represent mean
values of four composite spectra representing the quartiles of increasing Lyα

EW from blue to red.

host galaxies. The distribution of orientations of the host galaxy
relative to the sight line is not random, but weighted with the
selection function. If the QSO-DLAs have a flattened geome-
try, this will tend to produce a shorter sight line through the
host than for a random distribution of orientations. On the other
hand, the GRB absorbers do not probe the full sight line through
their hosts; in particular, for some systems located in the out-
skirts of their hosts toward us only a small fraction of the ab-
sorbing material will be probed. An additional piece of evi-
dence is the distance between the location of the GRB and the
bulk of the absorbing material which has been inferred for a
few GRBs based on modeling of fine-structure line variability
(Dessauges-Zavadsky et al. 2006; Vreeswijk et al. 2007; D’Elia
et al. 2009a, 2009b; Ledoux et al. 2009). These studies have
found that the bulk of the absorbing material probed by the vari-
able fine-structure lines are at distances of 50–100 pc, 1.7 kpc,
0.7–6 kpc, 280 pc, and a 5 kpc for the GRBs 020813, 060418,
080319B, 080330, and 050730, respectively. The nearly ubiq-
uitous detection of strong Mg i absorption also indicates that a
substantial quantity of neutral gas in GRB-DLAs is located at
distances exceeding 100 pc (Prochaska et al. 2006a). Finally,
vibrationally excited H2 lines have also been used to infer a
distance in the range 230–940 pc between GRB 080607 and the
bulk of the absorbing material (Sheffer et al. 2009).

For strong and saturated lines like those presented in
Figures 11 and 12, the EW is weakly sensitive to the abundance
of the ion. Instead, the EW values trace the kinematics of these
ions along the sight line. Prochaska et al. (2008a) have argued,
based on comparisons of resonance and fine-structure transi-
tions of Si ii and Fe ii, that the large EWs in GRB-DLAs reflect
motions in the “halos” of these galaxies, i.e., in gas at distances
exceeding several kpc. The data presented here indicate that such
motions are a generic property of gas in the galactic environment
of GRBs. Of principal interest is whether these motions reflect
gravitational dynamics (as argued by Prochaska et al. 2008a) or
galactic-scale outflows driven by star formation, active galactic
nucleus (AGN), etc. Independent of the mechanism, the fact that
both the Si ii and C iv histograms extend significantly beyond
the range spanned by QSO-DLA (Figures 11 and 12) indicates
the gas is either predominantly ionized or multi-phase. In other
words, if C iv absorption was mainly produced in a roughly
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spherical, hot halo whereas the low-ionization lines were pro-
duced in a central, colder component, then we would expect the
C iv plot to be different from the Si ii plot. Hence, C iv seems
to probe the same volume as the low-ionization lines. The same
conclusion has been reached by Prochaska et al. (2008a).

For QSO-DLAs the Si ii λ1526 line can be used as a proxy
for metallicity through the relation [M/H] = −0.92 + 1.41
log (EW/Å) (Prochaska et al. 2008a). The underlying physical
reason for this is believed to be a velocity width versus metal-
licity relation (Ledoux et al. 2006a; Prochaska et al. 2008a).
Roughly, a rest-frame EW of 1 Å corresponds to a metallicity
of 0.1 solar. We do not know yet if GRB absorbers follow this
correlation, but there is some indication that they do (Prochaska
et al. 2008a). The metallicities have been measured for GRBs
050401, 050730, 050820A, 050922C, 070802, 071031, 080310,
080413A, and 080607 in our spectroscopic sample (Watson et al.
2006; Fox et al. 2008; Elı́asdóttir et al. 2009; Prochaska et al.
2009; Ledoux et al. 2009), and these bursts seem to follow the
correlation although possibly with a somewhat steeper slope.

As seen in Figure 11, slightly more than half of the GRB
absorbers have EWrest(Si ii λ1526) > 1 Å, suggesting that about
half of GRBs with afterglow spectroscopy at these redshifts have
metallicity above 0.1 solar. This is consistent with the metallicity
distribution of GRB-DLAs based on direct estimates of N (H i)
and a metal column density (e.g., Prochaska et al. 2007). The
true fraction could well be higher due to the bias against bursts
with high X-ray-absorbing columns in the sample of GRBs with
OA spectroscopy.

4.4. Implication for the Escape Fraction of Ionizing Photons in
Star-forming Galaxies at z > 2

An important utility of the spectroscopic sample of Swift
GRBs in Table 4 is to constrain the escape fraction of ionizing
photons fesc in distant star-forming galaxies (Chen et al. 2007a;
Gnedin et al. 2008), which specifies the fraction of stellar-
origin ionizing photons (hν > 1 Ryd) that escape from
star-forming regions into the intergalactic medium (IGM). A
traditional approach to obtain empirical constraints of fesc is
to search for high-energy photons detected at wavelengths
below the Lyman limit transition of a distant galaxy. However,
such measurements are subject to a number of systematic
uncertainties that are difficult to quantify, including background
subtraction, intrinsic spectral shape at ultraviolet wavelengths of
star-forming galaxies, and line-of-sight variations of IGM Lyα
absorption (see Chen et al. 2007a for a brief review).

Chen et al. (2007a) introduced a new approach that determines
fesc in high-redshift star-forming galaxies based on the range of
neutral hydrogen column density N (H i) found in the hosts of
long-duration GRBs. The observed N (H i) in the host of each
GRB from early-time afterglow spectra represents a measure of
the integrated optical depth of Lyman limit photons along the
line of sight away from the parent star-forming region where the
progenitor resides. Considering the N (H i) distribution function
of an ensemble of GRBs together therefore yields an estimate
of the mean fesc averaged over random lines of sight. Adopting
a sample of 28 GRBs at z � 2, Chen et al. (2007a) found
〈fesc〉 = 0.02 ± 0.02 with a 95% c.l. upper limit 〈fesc〉 � 0.075.
Although the best-estimated 〈fesc〉 is among the lowest value
reported for z > 2 star-forming galaxies, the subluminous nature
of the majority of GRB host galaxies (e.g., Jakobsson et al. 2005;
Chen et al. 2009) in combination with a steep faint-end slope
of the distant galaxy population (e.g., Reddy & Steidel 2008)
indicates that sub-L∗ galaxies with 〈fesc〉 = 1%–2% can already

Figure 13. Cumulative distribution of neutral hydrogen column density
F[< N (H i)] observed in the host galaxies of 32 long-duration GRBs dis-
covered at z � 2 by Swift (solid histogram). The shaded area shows the 1σ

uncertainties evaluated using a bootstrap re-sampling method that accounts for
both N (H i) measurement uncertainties and sampling errors.

(A color version of this figure is available in the online journal.)

contribute a comparable amount of ionizing photons as QSOs
to the ultraviolet background radiation at z ∼ 3.

While the new approach of constraining fesc based on the ob-
served N (H i) distribution is not affected by the same systematic
uncertainties that bias the fesc measurements from the traditional
method (see Chen et al. 2007a for related discussion), the ac-
curacy of 〈fesc〉 depends on an unbiased sample of GRB hosts.
Specifically, if some fraction of optically thin sight lines are
missed due to a lack of S/N in the afterglow spectra for identi-
fying weak absorption features, then the estimated 〈fesc〉 would
be biased toward a lower value. Chen et al. (2007a) considered a
sample of 28 GRBs at z � 2 with available early-time afterglow
spectra for constraining the N (H i), eight of which are from the
pre-Swift era when rapid localizations of the optical transients
were challenging. It is not clear how significant the bias is due
to missed optical transients.

The 33 GRBs discussed in this paper represent a uniform
spectroscopic sample of Swift bursts with rapid localizations and
allow us to obtain an accurate measurement of 〈fesc〉. Figure 13
presents the cumulative N (H i) distribution, F[<N (H i)], from
the sample of 32 GRB host galaxies (excluding GRB 071020
due to the uncertain N (H i)), together with the 1σ uncertainties
determined based on a bootstrap re-sampling method (see Chen
et al. 2007a for further illustrations). Adopting this sample of
32 GRBs at z � 2, we find 〈fesc〉 = 0.02 ± 0.02 with a 95%
c.l. upper limit 〈fesc〉 � 0.07, in excellent agreement with the
finding of Chen et al. (2007a). We note that while the two
samples are comparable in size, only roughly half of the new
sample overlaps with those considered by Chen et al. (2007a). In
addition, including GRB 071020 and assuming a host N (H i) of
log N (H i) = 16.85 (matching the lowest N (H i) found so far for
a GRB host) would double the estimated value to 〈fesc〉 = 0.04.
Our new measurement confirms that the mean escape fraction
of ionizing photons in distant star-forming galaxies is small.

4.5. Intervening Absorption Systems

The issue of intervening absorbers is interesting for two
main reasons. The first is the puzzling result that there are
more intervening Mg ii absorbers along GRB sight lines than
along QSO sight lines (Prochter et al. 2006; Vergani et al.
2009; Cucchiara et al. 2009). However, there is no excess of
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Figure 14. Shown are one- and two-dimensional spectra for GRBs 050319–080928. Lines from the GRB absorption systems are marked with vertical lines, whereas
unidentified lines or lines from intervening systems are marked with vertical dashed lines. Telluric features are marked with a telluric symbol. The error spectrum is
plotted as a dotted line. When in the spectral range, we also plot the position of the Lyman limit as a vertical dashed line.

C iv systems along GRB sight lines (Sudilovsky et al. 2007;
Tejos et al. 2007). The other reason is that the search for
galaxy counterparts of the absorbers is much easier along
GRB sight lines as the OA quickly fades away (Vreeswijk
et al. 2003).

In our sample, we detect several very strong intervening
Mg ii absorbers, i.e., 12 systems with EWrest > 2 Å. For a
full statistical analysis of the excess we refer to S. D. Vergani
et al. (2010, in preparation).

We also detect a few strong intervening Lyα absorbers,
e.g., along the sight lines to GRB 050730, GRB 050908,

and GRB 070721B (see B. Milvang-Jensen et al. 2010, in
preparation). It is interesting to note that the z = 2.62 sub-
DLA toward GRB 050908 also has remarkably strong metal
lines (e.g., an EWrest of 2.2 Å for the Si ii λ1526 line). Also,
the z = 3.09 sub-DLA toward GRB 070721B has very strong
lines (EWrest 1.7 Å for the Si ii λ1526 line). QSO-DLAs with
EWrest larger than 1.5 Å for the Si ii λ1526 line are quite rare (see
Prochaska et al. 2008a and Figure 11 below). Unfortunately, our
sample is too small to judge if the intervening Lyα absorbers
toward GRB sight lines are also statistically different from those
along QSO sight lines.
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Figure 14. (Continued)

5. CONCLUSIONS

GRB afterglow spectroscopy provides a detailed analysis of
the ISM of actively star-forming galaxies. In this work, we
have presented a large sample of GRBs detected by Swift for
which primarily low-resolution spectroscopic observations have
been secured. The majority (∼ 80%) of the GRB host absorbers
bear strong resemblance to high-column density QSO absorbers
like DLAs and sub-DLAs. However, the GRB absorbers are
characterized by a broader range of line strengths extending to
significantly stronger lines (both for H i, Si ii, and C iv) than
what is seen for high-column density QSO absorbers.

We find that the sample of GRBs for which optical spec-
troscopy is secured is a significantly biased subsample. In the

statistical sample, only about 50% have OA spectroscopy, and
this subsample has substantially smaller X-ray excess absorp-
tion and a substantially smaller fraction of dark bursts (by the
Jakobsson et al. 2004 definition) than the other half of the
sample.

The implication of this work is that the metallicity distribution
we derive from OA spectroscopy likely is skewed toward low
metallicities compared to the true underlying distribution (see
also Ledoux et al. 2009). This is important to take into account,
e.g., when establishing how well GRBs trace star formation
and when inferring to which extent GRB progenitors may be
restricted to massive stars with low metallicities.

This work also shows that if we can secure optical and/
or near-IR spectroscopy for a much larger fraction of an
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X-ray-selected sample, it is likely that we will pick up sight lines
with significantly higher dust contents, molecular fractions,
and higher metallicities. A similar conclusion was reached
by Ledoux et al. (2009). Such studies will be ideal to study
extinction curves and properties of star-forming regions, in
particular at high redshifts. In the current sample, dusty bursts
like GRBs 070802, 080605, and 080607 were observed under
fortunate conditions, i.e., very soon after the bursts and in good
observing conditions. It is plausible that bursts for which the
current search strategy and instrumentation cannot secure a
redshift are similar to or even more dust obscured than these
bursts.

Currently, most GRB error circles are only observed in optical
bands. For further progress, systematic near-IR follow-up of an
X-ray-selected sample will be important. Such systematic near-
IR follow-up is currently carried out by a few teams using,
e.g., GROND, UKIRT, and PAIRITEL (e.g. Greiner et al. 2009;
Krühler et al. 2008; Tanvir et al. 2008b; Prochaska et al. 2009).
For the spectroscopic follow-up, instruments like the newly
commissioned X-shooter spectrograph that cover the full near-
UV to near-IR range in a single shot (Kaper et al. 2009) will be
important, but it is likely that we will have to wait for the advent
of 30–40 m telescopes with similar instrumentation before we
will reach a spectroscopic completeness of, e.g., 90%.
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APPENDIX A

NOTES ON INDIVIDUAL OBJECTS

A.1. GRB 050319 (z = 3.2425)

The data presented here have previously been published in
Jakobsson et al. (2006c). The spectrum has a low S/N, but due
to the presence of the strong hydrogen Lyα line, the redshift is
secure.

A.2. GRB 050401 (z = 2.8983)

The data presented here have previously been published in
Watson et al. (2006). This burst has one of the highest H i
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column densities measured along any sight line. The redshift
is based on numerous metal lines including fine-structure lines.
The spectrum also shows evidence for substantial SMC-type
reddening and classifies as a dark burst by the definition of
Jakobsson et al. (2004).

A.3. GRB 050408 (z = 1.2356)

The data presented here have previously been published in
Foley et al. (2007). The redshift is based on numerous metal
lines (including fine-structure lines).

A.4. GRB 050730 (z = 3.9693)

The data presented here have previously been published only
in the GCN circulars (D’Elia et al. 2005). Spectra of this
burst were also presented by Chen et al. (2005), Starling et al.
(2005), D’Elia et al. (2007), and Ledoux et al. (2009). In the
2D spectrum, we detect a foreground QSO (z = 3.02) at an

impact parameter of 20 arcsec (153 kpc). This QSO is possibly
associated with the z = 3.022 absorption system seen in the
spectrum of GRB 050730.

A.5. GRB 050801 (z = 1.38)

The data presented here have not been published earlier. No
standard star was observed and therefore no flux calibration
has been attempted for this spectrum (the plotted spectrum is
normalized to 1 in the continuum). We only detect a single
unidentified line in the spectrum. The upper limit on the redshift
based on the absence of a Lyα forest is about 2.3. Based
on UVOT colors, a photometric redshift of 1.38 has been
determined for this burst (Oates et al. 2009).

A.6. GRB 050802 (z = 1.7102)

The data presented here have previously been published only
in the GCN circulars (Fynbo et al. 2005). No standard star was
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observed and therefore no flux calibration has been attempted
for this spectrum (the plotted spectrum is normalized to 1 in the
continuum). The redshift is based on several weak metal lines.
The upper limit on the redshift based on the absence of the Lyα
forest is about 2.3.

A.7. GRB 050820A (z = 2.6147)

The UVES data for this burst are discussed in Ledoux et al.
(2005) and Fox et al. (2008).

A.8. GRB 050824 (z = 0.8278)

GRB 050824 is an X-ray flash (XRF). The data presented
here have previously been published in Sollerman et al. (2007).

That work also established evidence for an associated supernova
(SN) and detected the host galaxy of the burst. Here, the
data have been re-reduced and reanalyzed and more lines
have been identified. The redshift is based both on metal
absorption lines and emission lines from the underlying host
galaxy.

A.9. GRB 050908 (z = 3.3467)

The data presented here have previously been published only
in the GCN circulars (Fugazza et al. 2005). The spectra will be
discussed in more detail in A. Smette et al. (2010, in preparation)
where an H i column density of log NH i = 17.60 ± 0.10 is
derived. This system is interesting due to its low H i column
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density and the detection of escaping ionizing radiation along
its line of sight. Furthermore, there is an intervening sub-DLA
at z = 2.62 with very strong metal lines.

A.10. GRB 050922C (z = 2.1995)

The data presented here have previously been published in
Jakobsson et al. (2006c). For this burst, high-resolution spectra
have been presented in Piranomonte et al. (2006b). The plotted
spectrum is normalized.

A.11. GRB 060115 (z = 3.5328)

The data presented here have previously been published only
in the GCN circulars (Piranomonte et al. 2006a). The redshift is
based on both Lyα and fine-structure lines and is hence secure.

A.12. GRB 060124 (z = 2.3000)

The data presented here have previously been published only
in the GCN circulars (Prochaska et al. 2006b). The GRB system
is characterized by a low H i column density and the absence



544 FYNBO ET AL. Vol. 185

4000 5000 6000 7000 8000
Wavelength (Å)

GRB060707

4000 5000 6000 7000 8000
Wavelength (Å)

GRB060708

4000 5000 6000 7000 8000
Wavelength (Å)

GRB060714

Figure 14. (Continued)

of low-ionization lines. A detailed discussion of the prompt
emission and afterglow of this burst can be found in Romano
et al. (2006).

A.13. GRB 060206 (z = 4.0559)

The data presented here have previously been published in
Fynbo et al. (2006c) and Thöne et al. (2008b). Spectroscopic
observations of this afterglow have also been published by
Hao et al. (2007), who claimed variable absorption lines in
the intervening system. This was subsequently falsified by Aoki
et al. (2008) and Thöne et al. (2008b). There is tentative evidence
for molecular absorption in this spectrum (Fynbo et al. 2006c;
see also Prochaska et al. 2009). No standard star was observed

at the night of the observation so we show here a normalized
spectrum. The spectrum is strongly affected by fringing redward
of 7000 Å.

A.14. GRB 060210 (z = 3.9122)

The data presented here have previously been published only
in the GCN circulars (Cucchiara et al. 2006b). We do not confirm
their identification of an intervening system at z = 1.47. The
burst has very strong low-ionization lines and classifies as a
dark burst by the Jakobsson et al. (2004) definition. A detailed
discussion of the prompt emission and afterglow of this burst
can be found by Curran et al. (2007), who also infer substantial
reddening based on broadband modeling of the afterglow.
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A.15. GRB 060502A (z = 1.5026)

The data presented here have previously been published only
in the GCN circulars (Cucchiara et al. 2006a). The redshift
is based on a rich spectrum of low-ionization (including fine-
structure) absorption lines.

A.16. GRB 060512 (z = 2.1?)

GRB 060512 is an XRF. The data presented here have
previously been published only in the GCN circulars (Starling
et al. 2006a). For this burst there is uncertainty about the
redshift in the GCN reports. An afterglow spectrum taken at

the Telescopio Nazionale Galileo indicates a redshift of around
2.1 (Starling et al. 2006b), which is supported by a spectral
break detected by UVOT (De Pasquale & Cummings 2006;
Oates et al. 2009), and which is supported by modeling of the
broad band spectral energy distribution of the burst (Schady
et al. 2007a). Bloom et al. (2006a) measure a redshift of 0.44
from a galaxy close to the afterglow position. This galaxy is
offset by about 0.7 arcsec from the position of the afterglow.
Based on a binning of the spectrum shown here, we confirm the
presence of a broad absorption line around 3750 Å consistent
with a redshift of around 2.1 if interpreted as Lyα. This suggests
that the z = 0.44 galaxy close to the line of sight is a foreground
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object. We do not detect significant metal lines in the afterglow
spectrum.

A.17. GRB 060526 (z = 3.2213)

The data presented here have previously been published in
Jakobsson et al. (2006c). Additional medium resolution spectra
are discussed in Thöne et al. (2008e). The redshift is based on
Lyα and metal absorption lines.

A.18. GRB 060604 (z � 3)

The data presented here have previously been published only
in circulars (Castro-Tirado et al. 2006). In the spectrum, we

detect a single absorption line at 5219 Å. The origin of the line
is unclear. The line appears too narrow to be Mg ii at z = 0.864.
A possibility is Al ii at z = 2.124. This would be compatible
with the tentative break detected by UVOT (Blustin & Page
2006). From the absence of the onset of the Lyα forest we infer
an approximate upper limit on the redshift of ∼3. We do not
confirm the tentative redshift of z = 2.68 proposed by Castro-
Tirado et al. (2006).

A.19. GRB 060607A (z = 3.0749)

For this burst, UVES spectra were obtained starting only
about 7.5 minutes after the burst (Ledoux et al. 2006b). For a
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full analysis of the UVES data, see Fox et al. (2008), Prochaska
et al. (2008b), and A. Smette et al. (2010, in preparation).

A.20. GRB 060614 (z = 0.1257)

The data presented here have previously been published in
Della Valle et al. (2006). This is the lowest redshift burst in our
spectroscopic sample. However, from the present spectrum no
lines (either absorption or emission) are significantly detected.
The upper limit on the redshift based on the absence of a Lyα
forest is about 2.6. The redshift was later found to be z = 0.1257
based on emission lines from the underlying host galaxy (Della
Valle et al. 2006). GRB 060614 is remarkable in being a long

burst without an associated (bright) SN (Fynbo et al. 2006d;
Della Valle et al. 2006; Gal-Yam et al. 2006).

A.21. GRB 060707 (z = 3.4240)

The data presented here have previously been published in
Jakobsson et al. (2006c). The burst is remarkable in having very
strong metal lines while showing no sign of extinction.

A.22. GRB 060708 (z = 1.92)

The data presented here have previously been published only
in the GCN circulars (Jakobsson et al. 2006d). The spectrum
does not display any significant absorption or emission lines.



548 FYNBO ET AL. Vol. 185

4000 5000 6000 7000 8000
Wavelength (Å)

GRB061021

4000 5000 6000 7000 8000
Wavelength (Å)

GRB061110A

4000 5000 6000 7000 8000
Wavelength (Å)

GRB061110B

Figure 14. (Continued)

An upper limit of z � 2.8 can be placed on the redshift of
GRB 060708 from the lack of significant Lyα forest lines in
the spectrum of the afterglow redward of 4600 Å. Blueward of
4600 Å, there is very marginal evidence for broad absorption
lines in the spectrum, but the spectrum is too noisy to establish
a precise redshift. The Swift team has established a photometric
redshift of 1.92 for this burst based on the UVOT imaging of
the OA (Schady & Moretti 2006).

A.23. GRB 060714 (z = 2.7108)

The data presented here have previously been published in
Jakobsson et al. (2006c). In the trough of the DLA line of the

host absorption system, Lyα emission is detected, presumably
from the underlying host galaxy.

A.24. GRB 060719 (z � 4.6)

The data presented here have not been published earlier. This
afterglow was extremely red with an R−K color of about 4.5
(Malesani et al. 2006) and the burst was considered a candidate
high-redshift burst. Our spectrum, taken with the 600I grating,
shows a featureless continuum in the range 6800–9400 Å,
thereby placing an upper limit of ∼4.6 on the redshift. Hence,
this is most likely a dust obscured burst.
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A.25. GRB 060729 (z = 0.5428)

The data presented here have previously been published only
in the GCN circulars (Thöne et al. 2006c). The broad undulations
seen in the blue end of the spectrum are caused by systematic
errors in the flux calibration due to the high airmass of the
observation. All of the observed strong spectral lines can be
associated with a single absorption system. We associate the
GRB redshift with this gas. The upper limit on the redshift
based on the absence of a Lyα forest is about 2.1.

A.26. GRB 060807 (z � 3.4)

The data presented here have not been published elsewhere.
We retrieved the data from the ESO archive. There is a single

marginal line at 5200 Å in the spectrum. If it is due to Lyα,
then the redshift of the burst would be 3.28. From the absence
of a spectral break we set a conservative upper limit of z < 3.4.
For this burst there is evidence for emission lines in the X-ray
spectrum (Butler 2006).

A.27. GRB 060904B (z = 0.7029)

The data presented here have previously been published
only in the GCN circulars (Fugazza et al. 2006). The burst
is not included in the statistical sample as it has too high
foreground extinction (AV = 0.57, Schlegel et al. 1998). The
broad undulations seen in the spectrum are due to errors in the
flux calibration. All of the observed strong, spectral lines can
be associated with a single absorption system. We associate the
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GRB redshift with this gas. The upper limit on the redshift based
on the absence of a Lyα forest is about 2.5.

A.28. GRB 060906 (z = 3.6856)

The data presented here have previously been published in
Jakobsson et al. (2006c). The spectrum was obtained in twilight
just before sunrise. We do not include this burst in the statistical
sample due to its too high foreground extinction of AV = 0.54
(Schlegel et al. 1998). The redshift is based on both Lyα and
metal absorption lines.

A.29. GRB 060908 (z = 1.8836)

The data presented here have previously been published only
in the GCN circulars (Rol et al. 2006). The redshift is based on
a single C iv doublet and is confirmed by the detection of the
Lyα emission line from the underlying host galaxy (B. Milvang-
Jensen et al. 2010, in preparation). Hence, we do not confirm the
tentative redshift of z = 2.43 reported by Rol et al. (2006). The
redshift we infer is also consistent with the UVOT constraints
(Morgan et al. 2006).
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A.30. GRB 060926 (z = 3.2086)

The data presented here have previously been published in
Piranomonte et al. (2006b). We do not include this burst in
the statistical sample due to its too high foreground extinction
of AV = 0.52. In the trough of the DLA line of the host
absorption system, Lyα emission from the underlying host
galaxy is detected. The H i column density is among the highest
detected and there is evidence for substantial reddening.

A.31. GRB 060927 (z = 5.4636)

The data presented here have previously been published in
Ruiz-Velasco et al. (2007). The precise redshift is based on a
single low-S/N Si ii line. Based alone on the onset of the Lyα
forest the redshift can be estimated to be in the range 5.5–5.6,
the second highest in the spectroscopic sample.

A.32. GRB 061007 (z = 1.2622)

The data presented here have previously been published only
in circulars (Jakobsson et al. 2006a). This burst is one of the
brightest in γ -rays observed by Swift, and its afterglow was also
very luminous both in the X-ray and optical bands (Schady et al.
2007b; Mundell et al. 2007). The redshift is based on both metal
absorption lines and emission lines from the underlying host
galaxy.

A.33. GRB 061021 (z = 0.3463)

The data presented here have previously been published only
in circulars (Thöne et al. 2006a). In the GCN circular, no redshift
measurement was reported. It was only after measuring the
redshift from the underlying host galaxy (J. Hjorth et al. 2010,
in preparation) that we identified Mg ii absorption lines in the
very blue end of the afterglow spectrum. This is the second
lowest redshift in our spectroscopic sample.
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A.34. GRB 061110A (z = 0.7578)

The data presented here have previously been published only
in circulars (Fynbo et al. 2007). The redshift is mainly based on
emission lines from the underlying host galaxy. We also identify
a broad absorption feature consistent with the Mg ii doublet at
the same redshift.

A.35. GRB 061110B (z = 3.4344)

The data presented here have previously been published only
in circulars (Fynbo et al. 2006b). The redshift is based on both
a very strong Lyα line and metal absorption lines, including
fine-structure lines.

A.36. GRB 061121 (z = 1.3145)

The data presented here have previously been published only
in the GCN circulars (Bloom et al. 2006b). The redshift is based
on a rich spectrum of low-ionization (including fine-structure)
absorption lines.

A.37. GRB 070110 (z = 2.3521)

The data presented here have previously been published only
in circulars (Jaunsen et al. 2007b). In the trough of the DLA line
of the host absorption system, Lyα emission from the underlying
host galaxy is detected.
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A.38. GRB 070125 (z = 1.5471)

The data presented here have not previously been published
and will be presented in A. De Cia et al. (2010a, in preparation).
The redshift of the burst was determined from Gemini data
(Cenko et al. 2008). The burst is peculiar in being very bright and
having very weak absorption lines in its afterglow spectrum. For
a typical fainter OA, the redshift for such an absorption system
would be very difficult to establish. The burst is not included
in the statistical sample as the XRT position was distributed
later than 12 hr after the burst. The upper limit on the redshift
based on the absence of Lyα forest lines is about 2.3. The
broad undulations in the blue end of the spectrum are due to
systematics in the flux calibration.

A.39. GRB 070129 (z � 3.4)

The data presented here have not previously been published.
A redshift could not be established as no significant lines are
detected in the spectrum. We place a conservative upper limit
of z � 3.4 from the upper limit on wavelength of the onset of
the Lyα forest.

A.40. GRB 070306 (z = 1.4965)

The data presented here have previously been published in
Jaunsen et al. (2008). The redshift is based on a single oxygen
emission line. The identification with [O ii] is secure as the
doublet is resolved in a higher resolution spectrum (Jaunsen et al.
2008). The burst is remarkable in having a highly extinguished
afterglow only detected in the K and H bands while being located
in a blue host galaxy (Jaunsen et al. 2008).

A.41. GRB 070318 (z = 0.8397)

The data presented here have previously been published only
in circulars (Jaunsen et al. 2007a). The afterglow spectrum
displays a spectral break around 5000 Å (or about 2700 Å in the
rest frame), the nature of which is currently not understood. All
of the observed strong, spectral lines can be associated with a
single absorption system. We associate the GRB redshift with
this gas. The upper limit on the redshift based on the absence of
Lyα forest features is about 2.1.

A.42. GRB 070411 (z = 2.9538)

The data presented here have previously been published
only in circulars (Jakobsson et al. 2007b). The spectra were
obtained with the two medium resolution gratings, 1400V and
1200R. The burst is not included in our statistical sample as the
foreground Galactic extinction is too high (AV = 0.76, Schlegel
et al. 1998). The GRB absorption system has one of the lower
H i column densities in our sample (see Table 3).

A.43. GRB 070419A (z = 0.9705)

The data presented here have not been published before. All
of the observed strong, spectral lines can be associated with a
single absorption system. We associate the GRB redshift with
this gas.

A.44. GRB 070506 (z = 2.3090)

The data presented here have previously been published only
in circulars (Thöne et al. 2007b). Redward of 7000 Å, the
spectrum is strongly affected by fringing. The redshift is based
on both Lyα and metal absorption lines.

A.45. GRB 070508 (z � 3.0)

The data presented here have previously been published only
in circulars (Jakobsson et al. 2007d). No lines are detected in
the spectrum, and an upper limit of z � 3 is placed on the
redshift from the upper limit on wavelength of the onset of the
Lyα forest. The burst is not included in the statistical sample as
the declination is too low (−78◦). The burst classifies as a dark
burst by the definition of Jakobsson et al. (2004).

A.46. GRB 070611 (z = 2.0394)

The data presented here have previously been published only
in circulars (Thöne et al. 2007a). The redshift is based on both
Lyα and metal absorption lines. Also detected in the spectrum
are two intervening Mg ii systems.

A.47. GRB 070721B (z = 3.6298)

The data presented here have previously been published only
in circulars (Malesani et al. 2007). A bright Lyα emitter is
located 20 arcsec from the GRB position at the same redshift as
the GRB. A z = 3.09 intervening sub-DLA is detected in both
the spectrum of the afterglow and in the spectrum of the neighbor
Lyα emitter. A possible galaxy counterpart of the absorber is
detected in emission 2 arcsec from the afterglow position. The
spectrum will be discussed in more detail in B. Milvang-Jensen
et al. (2010, in preparation).

A.48. GRB 070802 (z = 2.4541)

The data presented here have previously been published in
Elı́asdóttir et al. (2009). The spectrum is remarkable, showing
a strong 2175 Å dust extinction feature at the GRB redshift of
z = 2.45 (see also Krühler et al. 2008). The burst classifies as
a dark burst by the definition of Jakobsson et al. (2004). There
are also two intervening Mg ii systems in the spectrum, one of
which is very strong.

A.49. GRB 071020 (z = 2.1462)

The data presented here have previously been published
only in circulars (Jakobsson et al. 2007c). The spectrum will
be discussed in more detail in M. Nardini et al. (2009, in
preparation). All of the observed strong spectral lines can be
associated with a single absorption system. We associate the
GRB redshift with this gas.

The upper limit on the redshift based on the absence of a Lyα
forest is about 3.

A.50. GRB 071025 (z = 5.2?)

The data presented here have not previously been published.
The data were obtained with the high resolution HIRES spec-
trograph. Weak continuum flux is detected from the afterglow
at wavelengths λ > 7500 Å, but no emission is detected at
shorter wavelengths. This flux “decrement” may be associated
with the IGM at z ≈ 5.2 but could also be associated with a
significant reddening of the afterglow. If one presumes the lat-
ter, the burst is still very likely to be at high redshift (z > 2.5)
because a sharp decrement from dust is only expected at ultra-
violet wavelengths. This redshift of z ≈ 5.2 is consistent with
the photometry which displays a break between the R and I
bands (e.g., Rykoff et al. 2007). We do not show a figure of this
spectrum.
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A.51. GRB 071031 (z = 2.6918)

The data presented here have previously been published only
in circulars (Ledoux et al. 2008). In addition to the 300V
spectrum shown here, spectra were secured with a range of
higher resolution gratings and with the high-resolution UVES
spectrograph (e.g., Fox et al. 2008). In the trough of the DLA
line at the host redshift Lyα emission from the underlying host
galaxy is detected. In the medium and high resolution spectra,
a large number of Fe ii fine-structure and metastable lines are
detected.

A.52. GRB 071112C (z = 0.8227)

The data presented here have previously been published only
in circulars (Jakobsson et al. 2007a). The redshift is based on
both absorption lines from the GRB host system as well as
emission lines from the underlying host galaxy.

A.53. GRB 071117 (z = 1.3308?)

The data presented here have previously been published only
in circulars (Jakobsson et al. 2007e). The redshift is based on
a single emission line at 8687 Å, which we interpret as [O ii]
at z = 1.331. The spectrum is affected by fringing redward of
about 7000 Å, and the line is only seen after subtracting two of
the individual exposures where the source has been offset along
the slit from each other. Hence, we consider the significance of
this redshift measurement to be marginal.

A.54. GRB 080210 (z = 2.6419)

The data presented here have previously been published
only in circulars (Jakobsson et al. 2008b). The spectrum will
be discussed in more detail in A. De Cia et al. (2010b, in
preparation). There is evidence for substantial reddening. The
redshift is based on both Lyα and metal absorption lines.

A.55. GRB 080310 (z = 2.4274)

This burst was observed both with the VLT/UVES spectro-
graph (Vreeswijk et al. 2008b) and the Kast spectrograph. Here
we show the Kast spectrum previously published in Prochaska
et al. (2008c). The GRB absorber is characterized by a low
H i column density and several high ionization lines (see also
Fox et al. 2008; Ledoux et al. 2009; A. De Cia et al. 2010c, in
preparation).

A.56. GRB 080319B (z = 0.9382)

This is the famous “naked eye burst” (e.g., Racusin et al.
2008; Woźniak et al. 2009; Bloom et al. 2009). The FORS2
spectrum presented here was obtained quite late, 26 hr after the
burst. We retrieved the data from the ESO archive.

A.57. GRB 080319C (z = 1.9492)

The data presented here have previously been published only
in circulars (Wiersema et al. 2008a). The data were obtained
in poor conditions with cloud cover. The plotted spectrum is
normalized. The redshift is based on the highest redshift metal
line system in the spectrum. We also detect an intervening Mg ii

system. The upper limit on the redshift based on the absence of
significant Lyα forest lines is about 2.7. The burst classifies as
a dark burst by the Jakobsson et al. (2004) definition.

A.58. GRB 080330 (z = 1.5119)

GRB 080330 is an XRF. The data presented here have
previously been published in Guidorzi et al. (2009). The burst
was also observed with the VLT-UVES spectrograph (D’Elia
et al. 2009b). All of the observed strong spectral lines can be
associated with a single absorption system. We associate the
GRB redshift with this gas.

A.59. GRB 080411 (z = 1.0301)

The data presented here have previously been published only
in circulars (Thöne et al. 2008a). The burst is not included in the
statistical sample as it has too high foreground extinction (AV

= 0.54, Schlegel et al. 1998). The burst is remarkable in having
a bright X-ray afterglow visible for more than three weeks after
the burst (Marshall et al. 2008). The OA spectrum has a fairly
strong unidentified line at 4439 Å.

A.60. GRB 080413A (z = 2.4330)

This burst was observed with VLT/UVES. The burst is not
included in the statistical sample as it has too high foreground
extinction (AV = 0.52, Schlegel et al. 1998).

A.61. GRB 080413B (z = 1.1014)

The data presented here have previously been published only
in circulars (Vreeswijk et al. 2008d). Spectra were also secured
in a number of higher resolution gratings. The broad undulations
in the blue end of the spectrum are due to systematics in the flux
calibration.

A.62. GRB 080520 (z = 1.5457)

The data presented here have previously been published only
in circulars (Jakobsson et al. 2008a). The afterglow was very
faint at the time of observation, but the redshift is based on both
host emission lines and afterglow metal absorption lines and
hence is secure.

A.63. GRB 080523 (z � 3.0)

The data presented here have previously been published only
in circulars (Fynbo et al. 2008c). The afterglow was very faint
at the time of observation and due to the lack of significant lines
or breaks, we can only place an upper limit of about 3.0 on the
redshift.

A.64. GRB 080603B (z = 2.6892)

The data presented here have previously been published only
in circulars (Fynbo et al. 2008e). The redshift is on both Lyα
and metal (including fine-structure) absorption lines. We also
detect an intervening Mg ii system in the spectrum.

A.65. GRB 080604 (z = 1.4171)

The data presented here have previously been published only
in circulars (Wiersema et al. 2008b). The plotted spectrum is
normalized. All of the observed strong, spectral lines can be
associated with a single absorption system. We associate the
GRB redshift with this gas. The upper limit on the redshift is
about 3.1 based on the absence of a Lyα forest in the spectrum.
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A.66. GRB 080605 (z = 1.6403)

The data presented here have previously been published only
in circulars (Jakobsson et al. 2008c). Spectra were also secured
with a number of higher resolution gratings. This spectrum, like
the spectrum of GRB 070802, shows both C i absorption and
evidence for the 2175 Å extinction feature. Spectroscopy of this
afterglow will be further discussed in D. Xu et al. (2010, in
preparation).

A.67. GRB 080607 (z = 3.0368)

The data presented here have previously been published in
Prochaska et al. (2009). The spectrum is characterized by a
very strong Lyα line and by the detection of both H2 and CO
molecular lines (Prochaska et al. 2009; Sheffer et al. 2009).
The spectrum shows evidence for substantial reddening. Based
on the broadband photometry, there is also evidence for the
presence of the 2175 Å extinction bump (Prochaska et al. 2009).
The burst classifies as a dark burst by the Jakobsson et al. (2004)
definition. In the figure of this spectrum we only show the R400
spectrum. For the blue grating spectrum covering Lyα we refer
to Prochaska et al. (2009).

A.68. GRB 080707 (z = 1.2322)

The data presented here have previously been published only
in circulars (Fynbo et al. 2008f). The spectrum was obtained
under quite poor conditions with bad seeing and at high airmass.
A spectrum was also secured with a higher resolution grating.
All of the observed strong spectral lines can be associated with
a single absorption system. We associate the GRB redshift with
this gas. The upper limit on the redshift is about 2.2 based on
the absence of a Lyα forest.

A.69. GRB 080710 (z = 0.8454)

The data presented here have previously been published only
in circulars (Perley et al. 2008). All of the observed strong,
spectral lines can be associated with a single absorption system.
The system also shows fine-structure lines. We associate the
GRB redshift with this gas. The plotted spectrum has been
normalized.

A.70. GRB 080721 (z = 2.5914)

The data presented here have previously been published in
Starling et al. (2009). Spectra were also secured with a number of
higher resolution gratings. The spectrum is affected by fringing
redward of about 7000 Å. The redshift is on both Lyα and metal
(including fine-structure) absorption lines.

A.71. GRB 080804 (z = 2.2045)

The data presented here have previously been published only
in circulars (Thöne et al. 2008d). The spectrum was obtained
with the high resolution UVES spectrograph.

A.72. GRB 080805 (z = 1.5042)

The data presented here have previously been published only
in circulars (Jakobsson et al. 2008e). The strongest line in the
spectrum is from a very strong intervening Mg ii system. The
proposed GRB redshift of 1.504 is based on a higher redshift
weaker metal absorption line system. There is evidence for the
presence of the 2175 Å extinction feature in the shape of the
spectrum at the proposed GRB redshift. The burst classifies as
a dark burst according the Jakobsson et al. (2004) definition.

A.73. GRB 080810 (z = 3.3604)

The data presented here have previously been published only
in circulars (de Ugarte Postigo et al. 2008). A higher resolution
spectrum was secured at the Keck telescope, and this can be
inspected in Page et al. (2009). The host absorber is remarkable
in having a relatively low H i column density. There is evidence
for Lyα emission presumably from the underlying host galaxy.

A.74. GRB 080905B (z = 2.3739)

The data presented here have previously been published
only in circulars (Vreeswijk et al. 2008a). The light from
the afterglow is blended with light from another object on
the slit. Spectra were also secured with a number of higher
resolution gratings. The redshift is based on metal absorption
lines including fine-structure lines.

A.75. GRB 080913 (z = 6.7)

The data presented here have previously been published in
Greiner et al. (2009). The redshift is based on the detection of
the onset of the Gunn-Peterson trough at 9400 Å. No absorption
or emission lines are detected in the spectrum. This is the most
distant GRB for which the redshift has been determined in our
spectroscopic sample. The burst classifies as a dark burst by the
Jakobsson et al. (2004) definition.

A.76. GRB 080916A (z = 0.6887)

The data presented here have previously been published only
in circulars (Fynbo et al. 2008b). The redshift is based on both
absorption lines and emission lines from the underlying host
galaxy.

A.77. GRB 080928 (z = 1.6919)

The data presented here have previously only been published
in circulars (Vreeswijk et al. 2008e). This is another good
example of a spectrum where the lines from the intervening
absorber are significantly stronger than in the likely GRB
absorber. The proposed GRB system is the highest redshift,
but weaker, of two metal line systems detected in the spectrum.
The upper limit on the redshift based on the absence of Lyα
forest features is about 2.1.

APPENDIX B

LINE LISTS AND SPECTRA OF GRB AFTERGLOWS

In Figure 14, we show one- and two-dimensional spectra of
each of the 77 bursts listed in Table 2.

Table 5

GRB 050319 (z = 3.2425)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5157 1215.7 Lyα

5348.2 1260.4 3.2425 Si ii 8 ± 3

5530.5 1302.2 3.2425 O i 9 ± 3
1304.4 3.2425 Si ii

5663.8 1334.5 3.2425 C ii 9 ± 3
5913.2 1393.7 3.2425 Si iv 5 ± 3
5949.9 1402.7 3.2425 Si iv 9 ± 3
6472.8 1526.7 3.2425 Si ii 6 ± 3

6578.9 1548.2 3.2425 C iv 8 ± 3
1550.8 3.2425 C iv
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Table 6

GRB 050401 (z = 2.8983)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4739.0 1215.7 2.8983 Lyα

5074.4 1302.2 2.8983 O i 14 ± 4
1304.4 2.8983 Si ii

5180.0 6 ± 3
5194.7 14 ± 4

5205.0 1334.5 2.8983 C ii 12 ± 3
1335.7 2.8983 C ii*

5422.2 1548.2 2.4982 C iv 14 ± 2
5431.9 1550.8 2.4982 C iv

1393.8 2.8983 Si iv

5842.6 1670.8 2.4982 Al ii 8 ± 2a

5900.0 5.5 ± 1.6
5950.4 1526.7 2.8983 Si ii 12 ± 2

6036.5 1548.2 2.8983 C iv 10.0 ± 1.0
6044.6 1550.8 C iv

6273.9 1608.4 2.8983 Fe ii 8.5 ± 1.5
6510.9 1670.8 2.8983 Al ii 7.0 ± 1.4
6559.9 3.2 ± 0.9
7049.0 1808.0 2.8983 Si ii 3.2 ± 0.7
7229.5 1854.7 2.8983 Al iii 7.5 ± 0.7
7262.0 1862.8 2.8983 Al iii 7.5 ± 0.8

7899.2 2026.1 2.8983 Zn ii 5.7 ± 0.8
2026.5 2.8983 Mg i

8020.8 2056.3 2.8983 Cr ii 3.5 ± 0.9

8042.2 2062.2 2.8983 Cr ii 5.6 ± 0.9
2062.7 2.8983 Zn ii

8055.0 2066.2 2.8983 Cr ii 3.0 ± 0.9
8197.9 2344.2 2.4982 Fe ii 3.7 ± 0.8
8303.8 2374.5 2.4982 Fe ii 2.3 ± 1.0
8331.5 2382.8 2.4982 Fe ii 7.4 ± 0.7
8428.5 2411.3 2.4982 Fe ii 3.8 ± 1.1
8815.8 2260.8 2.8983 Fe ii 3.7 ± 0.9
9023.8 2316.7 2.8983 Ni ii** 5.4 ± 0.9
9093.7 2600.2 2.4982 Fe ii 9.2 ± 0.8
9137.6 2344.2 2.8983 Fe ii 5.5 ± 0.7
9254.8 2374.5 2.8983 Fe ii 6.2 ± 1.0
9289.9 2382.8 2.8983 Fe ii 6.2 ± 1.0

Note. a Likely blended with another line.

Table 7

GRB 050408 (z = 1.2356)

λobs (Å) λrest (Å) z Feature EWobs (Å)

GMOS/R150

4610.4 2056.25 1.2356 Cr ii 6.17 ± 1.51
2062.2 1.2356 Cr ii

2062.7 1.2356 Zn ii

2066.2 1.2356 Cr ii

5241.4 2333.5 1.2356 Fe ii* 5.49 ± 0.77
2338.7 1.2356 Fe ii*
2344.2 1.2356 Fe ii

2345.0 1.2356 Fe ii*
2349.0 1.2356 Fe ii*

5310.0 2365.6 1.2356 Fe ii* 3.00 ± 0.67
2374.5 1.2356 Fe ii

5328.7 2381.5 1.2356 Fe ii* 4.22 ± 0.65
2382.8 1.2356 Fe ii

2383.8 1.2356 Fe ii*
2389.4 1.2356 Fe ii*

Table 7

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5782.9 2586.7 1.2356 Fe ii 3.55 ± 0.43

5812.7 2594.5 1.2356 Mn ii 7.83 ± 0.55
2599.2 1.2356 Fe ii*
2600.2 1.2356 Fe ii

2606.5 1.2356 Mn ii

2607.9 1.2356 Fe ii*
2612.7 1.2356 Fe ii*

6261.7 2796.4 1.2356 Mg ii 10.90 ± 0.66
2803.5 1.2356 Mg ii

6377.9 2853.0 1.2356 Mg i 3.48 ± 0.39
7246.3 3240.0 1.2356 Ti ii* 2.24 ± 0.48

3242.9 1.2356 Ti ii

GMOS/R831

6378.1 2853.0 1.2356 Mg i 3.02 ± 0.29
6752.7 3021.5 1.2356 Fe i 0.69 ± 0.19
6875.1 3073.9 1.2356 Ti ii 2.91 ± 0.30
7566.9 3384.7 1.2356 Ti ii 1.11 ± 0.21

Table 8

GRB 050730 (z = 3.9693)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4889.3 1215.7 3.022 Lyα

5549.2 1215.7 3.5680 Lyα

6040. 1215.7 3.9693 Lyα

6230.6 1253.8 3.9693 S ii 1.38 ± 0.16

6261.9 1259.5 3.9693 S ii 5.5 ± 0.3
1260.4 3.9693 Si ii

6291.1 1264.7 3.9693 Si ii*

6400.8 1402.7 3.5680 Si iv 0.65 ± 0.13
6470.9 1302.2 3.9693 O i

6481.7 1304.4 3.9693 Si ii 7.1 ± 0.2
6503.4 1309.3 3.9693 Si ii*

2344.2 1.7728 Fe ii

6599.4 1334.5 3.9693 C ii 3.0 ± 0.2
1549.5 3.25 C iv

6632.3 1334.5 3.9693 C ii 4.9 ± 0.2
6720.9 1670.7 3.0222 Al ii 0.99 ± 0.11

6925.0 1393.7 3.9693 Si iv 7.1 ± 0.2
6934. 1402.7 3.9693 Si iv

6968.4 1402.7 3.9693 Si iv 4.6 ± 0.2
1526.7 3.5680 Si ii

6989. 1548.2 3.514 C iv

6995. 1550.8 3.514 C iv

7069.5 1548.2 3.5680 C iv 1.1 ± 0.2
1550.8 3.5680 C iv

7110.1 1.2 ± 0.2
7173.8 2586.7 1.7728 Fe ii 4.2 ± 0.2
7208.7 2600.2 1.7728 Fe ii

7348.9 1608.4 3.5680 Fe ii 0.34 ± 0.16
7694.1 1548.2 3.9693 C iv 1.1 ± 0.2
7702.0 1550.8 3.9693 C iv

7752.6 2796.3 1.7728 Mg ii 7.1 ± 0.3
7774.4 2803.5 1.7728 Mg ii

7990.7 1608.4 3.9693 Fe ii 1.3 ± 0.2
8299.7 1670.7 3.9693 Al ii 3.1 ± 0.3
8415.0 2586.7 2.2533 Fe ii 1.0 ± 0.3
8457.8 2600.2 2.2533 Fe ii 2.4 ± 0.3
9097.6 2796.3 2.2533 Mg ii 2.6 ± 0.2
9121.7 2803.5 2.2533 Mg ii 1.4 ± 0.2
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Table 9

GRB 050801

λobs (Å) λrest (Å) z Feature EWobs (Å)

LRISb/B600
LRISr/R600

6040.7 2.32 ± 0.76

Table 10

GRB 050802 (z = 1.7102)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4199.4 1548.2 1.7102 C iv 7.4 ± 1.5
4199.4 1550.8 1.7102 C iv

6353.5 2344.2 1.7102 Fe ii 7.1 ± 0.9
6458.7 2382.8 1.7102 Fe ii 7.3 ± 0.9
7009.8 2586.7 1.7102 Fe ii 5.0 ± 1.1

Table 11

GRB 050820A (z = 2.6147)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5518.6 1526.7 2.6147 Si ii 5.68 ± 0.05
5596.3 1548.2 2.6147 C iv 5.44 ± 0.04
5605.7 1550.8 2.6147 C iv 5.01 ± 0.05

Table 12

GRB 050824 (z = 0.8278)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4284.7 2344.2 0.8278 Fe ii 1.8 ± 0.5

4337.9 2374.5 0.8278 Fe ii 4.5 ± 0.8
4354.2 2382.8 0.8278 Fe ii

4728.6 2586.7 0.8278 Fe ii 1.5 ± 0.4
5108.6 2796.3 0.8278 Mg ii 1.7 ± 0.3
5124.5 2803.5 0.8278 Mg ii 2.3 ± 0.3
6814.5 3727.7 0.8278 [O ii] Emission
7074.4 3869.8 0.8278 [Ne iii] Emission
7192.4 3934.8 0.8278 Ca ii 3.0 ± 0.5
7752.9 1.2 ± 0.4
7938.4 4341.7 0.8278 Hγ Emission
8889.2 4862.7 0.8278 Hβ Emission
9067.6 4960.3 0.8278 [O iii] Emission
9155.0 5008.2 0.8278 [O iii] Emission

Table 13

GRB 050908 (z = 3.3467)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4402.7 1215.7 2.6208 Lyα

5280.6 1215.7 3.3467 Lyα

5527.8 1526.7 2.6208 Si ii 8.1 ± 0.2

5607.4 1548.2 2.6208 C iv 3.2 ± 0.2
1550.8 2.2613 C iv

5627.8 1393.7 3.0383 Si iv 1.9 ± 0.2
5664.9 1402.7 3.0383 Si iv 0.80 ± 0.15

Table 13

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5683.8 1302.2 3.3467 O i 1.3 ± 0.2
1304.4 3.3467 Si ii

5695.0 1309.3 3.3467 Si ii* 1.28 ± 0.15
5796.8 1334.5 3.3467 C ii 0.62 ± 0.18
5824.8 1608.4 2.6208 Fe ii 1.47 ± 0.13
5973.0 2344.2 1.5481 Fe ii 0.90 ± 0.14

6052.4 1393.7 3.3467 Si iv 6.53 ± 0.14
2374.5 2.6208 Fe ii

1670.7 1.5481 Al ii

6070.9 2382.8 1.5481 Fe ii 1.45 ± 0.14
6093.2 1402.7 3.3467 Si iv 1.85 ± 0.15
6470.1 0.8 ± 0.2

6256.1 1548.2 3.0383 C iv 3.57 ± 0.15
1550.8 3.0383 C iv

6591.0 2586.6 1.5481 Fe ii 1.15 ± 0.15
6625.0 1526.7 3.3467 Si ii 1.85 ± 0.15

2600.2 1.5481 Fe ii

6729.8 1548.2 3.3467 C iv 13.99 ± 0.20
1550.8 3.3467 C iv

7124.9 2796.3 1.5481 Mg ii 2.10 ± 0.17
7144.6 2803.5 1.5481 Mg ii 2.08 ± 0.17
8489.0 2344.2 2.6208 Fe ii 3.70 ± 0.40
8594.4 2374.5 2.6195 Fe ii 4.60 ± 1.0
8625.7 2382.8 2.6208 Fe ii 8.5 ± 1.0

8818.1 2026.1 3.3467 Zn ii 5.0 ± 1.0
2026.5 3.3467 Mg i

Table 14

GRB 050922C (z = 2.1995)

λobs (Å) λrest (Å) z Feature EWobs (Å)

3630.0 1215.7 1.9904 Lyα

3654.6 1215.7 2.0008 Lyα

3740.0 1215.7 2.0768 Lyα

3893.0 1215.7 2.1995 Lyα

3975.5 1242.8 2.1995 NV 2.5 ± 0.2

4004.1 1302.2 2.0768 O i 0.8 ± 0.2
1304.4 2.0768 Si ii

1250.6 2.1995 S ii

4030.3 1260.4 2.1995 Si ii 2.1 ± 0.2
4042.5 1264.7 2.196 Si ii* 1.6 ± 0.2
4104.9 1334.5 2.0768 C ii 1.0 ± 0.2

4179.6 1302.2 2.1995 O i 7.0 ± 0.3
1304.4 2.1995 Si ii

1393.7 1.9904 Si iv

1402.7 1.9904 Si iv

4273.0 1334.5 2.1995 C ii 4.6 ± 0.2
1335.7 2.1995 C ii*

4458.6 1393.7 2.1995 Si iv 1.5 ± 0.1
4486.8 1402.7 2.1995 Si iv 1.4 ± 0.1
4578.8 1533.4 1.9904 Si ii* 0.8 ± 0.1

4630.0 1548.2 1.9904 C iv 6.2 ± 0.2
4661.1 1550.8 1.9904 C iv

4630.0 1548.2 2.0008 C iv

4661.1 1550.8 2.0008 C iv

4769.2 1548.2 2.0768 C iv 1.3 ± 0.1
1550.8 2.0768 C iv
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Table 14

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4699.0 1526.7 2.0768 Si ii 0.5 ± 0.2
4882.7 1526.7 2.1995 Si ii 2.0 ± 0.1
4908.7 1533.4 2.1995 Si ii* 0.9 ± 0.1

4957.6 1548.2 2.1995 C iv 4.1 ± 0.1
1550.8 2.1995 C iv

5146.5 1608.4 2.1995 Fe ii 0.6 ± 0.1
5346.9 1670.7 2.1995 Al ii 2.7 ± 0.1

5896.5 2796.3 1.1083 Mg ii 1.98 ± 0.17
5909.7 2803.5 1.1083 Mg ii

Table 15

GRB 060115 (z = 3.5328)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5507.0 1215.7 3.5328 Lyα

5634.3 1242.8 3.5328 N v 4 ± 2
5713.1 1260.4 3.5328 Si ii 8 ± 3
5735.2 1264.7 3.5328 Si ii* 5 ± 2

5909.3 1302.2 3.5328 O i 11.5 ± 1.8
1304.4 3.5328 Si ii

6030.0 2.8 ± 1.4
6051.0 1334.5 3.5328 C ii 8.6 ± 1.8
6918.5 1526.7 3.5328 Si ii 6.3 ± 1.6

7022.5 1548.8 3.5328 C iv 6.0 ± 1.6
1550.2 3.5328 C iv

7572.8 1670.8 3.5328 Al ii 8.1 ± 1.5

Table 16

GRB 060124 (z = 2.3000)

λobs (Å) λrest (Å) z Feature EWobs (Å)

LRIS/R300
4011.7 1215.7 2.3000 Lyα 13.12 ± 2.44
4231.2 10.03 ± 1.70
4598.5 1393.8 2.3000 Si iv 4.73 ± 1.08
4846.6 5.73 ± 0.84
4862.6 2.43 ± 0.71

5108.8 1548.2 2.3000 C iv 9.68 ± 0.74
1550.8 2.3000 C iv

6873.6 2.56 ± 0.70

Table 17

GRB 060206 (z = 4.0559)

λobs (Å) λrest (Å) z Feature EWobs (Å)

6147.9 1215.7 4.0559 Lyα

6370.8 1260.4 4.0559 Si ii 11.99 ± 0.09
6395.2 1264.7 4.0559 Si ii*

6421.5 2586.7 1.4822 Fe ii 0.29 ± 0.09
6453.7 2600.2 1.4822 Fe ii 0.68 ± 0.09

6589.0 1302.2 4.0559 O i 14.04 ± 0.09
1304.4 4.0559 Si ii

6746.0 1334.5 4.0559 C ii 11.45 ± 0.14

Table 18

GRB 060210 (z = 3.9122)

λobs (Å) λrest (Å) z Feature EWobs (Å)

GMOS/R400

5963.5 2026.1 1.9253 Zn ii 174.46 ± 1.59
1215.7 3.9133 Lyα

6088.3 1238.8 3.9133 N v 5.02 ± 0.53
1239.9 3.9133 Mg ii

1240.4 3.9133 Mg ii

6106.9 1242.8 3.9133 N v 4.93 ± 0.46
6154.4 1250.6 3.9133 S ii 8.32 ± 0.49

1253.8 3.9133 S ii

6196.5 1259.5 3.9133 S ii 21.69 ± 0.42
1260.4 3.9133 Si ii

1260.5 3.9133 Fe ii

1260.7 3.9133 C i

6214.0 1264.7 3.9133 Si ii* 7.30 ± 0.29
1265.0 3.9133 Si ii*

6280.0 1302.2 3.8186 O i 3.52 ± 0.36
1304.4 3.8186 Si ii

1276.5 3.9133 C i

1277.2 3.9133 C i

1280.1 3.9133 C i

6407.3 1301.9 3.9133 P ii 23.82 ± 0.41
1302.2 3.9133 O i

1304.4 3.9133 Si ii

1304.9 3.9133 O i*
1306.0 3.9133 O i**

6432.6 1334.5 3.8186 C ii 2.85 ± 0.24
1309.3 3.9133 Si ii*

6561.3 1328.8 3.9133 C i 21.23 ± 0.40
1334.5 3.9133 C ii

1335.7 3.9133 C ii*
6536.1 1.27 ± 0.21
6759.6 1.31 ± 0.17

6848.5 2344.2 1.9253 Fe ii 14.99 ± 0.28
1393.8 3.9133 Si iv

6873.9 4.45 ± 0.19
6885.9 1400.4 3.9133 Sn ii 2.91 ± 0.11
6892.8 1402.8 3.9133 Si iv 9.74 ± 0.14
6895.1 2.24 ± 0.16

6946.7 2374.5 1.9253 Fe ii 1.58 ± 0.16
1414.4 3.9133 Ga ii

6970.1 1419.0 3.9133 CO 0.88 ± 0.15
7400.2 0.96 ± 0.14
7460.3 1548.2 3.8186 C iv 3.51 ± 0.13
7471.8 1550.8 3.8186 C iv 2.35 ± 0.13
7505.2 1526.7 3.9133 Si ii 18.04 ± 0.19

7534.4 1532.5 3.9133 P ii 5.17 ± 0.14
1533.4 3.9133 Si ii*

7566.1 2586.7 1.9253 Fe ii 1.21 ± 0.13

7614.2 2600.2 1.9253 Fe ii 42.36 ± 0.24
1544.3 3.9133 CO
1548.2 3.9133 C iv

1550.8 3.9133 C iv

7677.5 1560.3 3.9133 C i 3.83 ± 0.16

7909.2 1608.5 3.9133 Fe ii 7.91 ± 0.22
1611.2 3.9133 Fe ii

1612.8 3.9133 Fe ii*
1613.4 3.9133 C i
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Table 19

GRB 060502A (z = 1.5025)

λobs (Å) λrest (Å) z Feature EWobs (Å)

GMOS/R400

5688.2 2796.4 1.0323 Mg ii 5.11 ± 0.47
2803.5 1.0323 Mg ii

5727.5 3.53 ± 0.48
5860.6 2338.7 1.5026 Fe ii* 1.31 ± 0.43
5897.1 1.96 ± 0.40
5936.4 2374.5 1.5026 Fe ii 2.73 ± 0.30
5957.8 2381.5 1.5026 Fe ii* 2.82 ± 0.26

5970.9 2382.8 1.5026 Fe ii 6.01 ± 0.28
2383.8 1.5026 Fe ii*

6013.0 2396.2 1.5026 Fe ii* 12.57 ± 0.52
2396.4 1.5026 Fe ii*
2400.0 1.5026 Fe ii*
2405.2 1.5026 Fe ii*
2405.6 1.5026 Fe ii*
2407.4 1.5026 Fe ii*
2411.3 1.5026 Fe ii*
2411.8 1.5026 Fe ii*
2414.1 1.5026 Fe ii*

6090.6 1.13 ± 0.23
6445.6 2576.9 1.5026 Mn ii 0.83 ± 0.21
6470.2 2586.7 1.5026 Fe ii 2.08 ± 0.25
6504.7 2599.2 1.5026 Fe ii* 3.91 ± 0.23

2600.2 1.5026 Fe ii

6521.0 2606.5 1.5026 Mn ii 0.77 ± 0.22
2607.9 1.5026 Fe ii*

6535.6 2612.7 1.5026 Fe ii* 1.10 ± 0.25
6839.2 2.38 ± 0.33

6884.7 2740.4 1.5026 Fe ii* 7.74 ± 0.46
2747.3 1.5026 Fe ii*
2747.9 1.5026 Fe ii*
2750.2 1.5026 Fe ii*
2756.6 1.5026 Fe ii*

6998.0 2796.4 1.5026 Mg ii 4.73 ± 0.18
7016.0 2803.5 1.5026 Mg ii 4.26 ± 0.21
7033.5 3.34 ± 0.24

7139.9 2853.0 1.5026 Mg i 2.26 ± 0.20
7208.9 1.08 ± 0.30

Table 20

GRB 060512 (z = 2.1)

λobs (Å) λrest (Å) z Feature EWobs (Å)

3750 1215.7 2.1 Lyα

Table 21

GRB 060526 (z = 3.2213)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5131.0 1215.7 3.2213 Lyα

5248.0 1242.8 3.2213 N v 1.1 ± 0.3
5319.8 1260.4 3.2213 Si ii 6.0 ± 0.3

5500.7 1302.2 3.2213 O i 7.5 ± 0.4
1304.4 3.2213 Si ii

5633.4 1334.4 3.2213 C ii 7.5 ± 0.4
6443.9 1526.7 3.2213 Si ii 3.3 ± 0.4

6539.0 1548.2 3.2213 C iv 1.9 ± 0.4
1550.8 3.2213 C iv

6788.7 1608.4 3.2213 Fe ii 1.9 ± 0.4
7053.2 1670.7 3.2213 Al ii 3.6 ± 0.4

Table 22

GRB 060604

λobs (Å) λrest (Å) z Feature EWobs (Å)

5217.0 13 ± 4

Table 23

GRB 060607A (z = 3.0749)

λobs (Å) λrest (Å) z Feature EWobs (Å)

6308.8 1548.2 3.0746 C iv 1.13 ± 0.05
6319.4 1550.8 3.0746 C iv 0.83 ± 0.05

Table 24

GRB 060707 (z = 3.4240)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5342.6 1215.7 3.4240 Lyα

5538.8 1250.6 3.4240 S ii 6.7 ± 1.3
5724.4 4.5 ± 1.2
5760.8 1302.2 3.4240 O i 9.2 ± 1.1
5768.8 1304.4 3.4240 Si ii 6.0 ± 2.0

5902.1 1334.5 3.4240 C ii 10.4 ± 1.3
5909.0 1335.7 3.4240 C ii*

6755.7 1526.7 3.4240 Si ii 10.2 ± 1.4

6851.6 1548.2 3.4240 C iv 5.7 ± 1.2
6858.3 1550.8 3.4240 C iv

7391.4 1670.8 3.4240 Al ii 9.4 ± 1.6
8002.1 1808.0 3.4240 Si ii 3.8 ± 1.9

Table 25

GRB 060714 (z = 2.7108)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4503.8 1215.7 2.7108 Lyα

4640.2 1250.6 2.7108 S ii 3.3 ± 0.7
4651.6 1253.8 2.7108 S ii 3.5 ± 0.6
4676.5 1260.4 2.7108 Si ii 7.2 ± 0.6
4693.8 1264.7 2.7108 Si ii* 3.7 ± 0.6

4837.3 1302.2 2.7108 O i 12.7 ± 0.6
1304.4 2.7108 Si ii

4859.7 1309.3 2.7108 Si ii* 1.0 ± 0.4
4954.3 1335.3 2.7108 C ii 10.5 ± 0.5
5171.4 1393.8 2.7108 Si iv 5.8 ± 0.4
5205.1 1402.8 2.7108 Si iv 5.0 ± 0.4
5665.5 1526.7 2.7108 Si ii 6.8 ± 0.5
5691.1 1533.4 2.7108 Si ii* 2.2 ± 0.4
5749.1 1549.1 2.7108 C iv 13.1 ± 0.4
5969.9 1608.4 2.7108 Fe ii 5.0 ± 0.5
6200.3 1670.8 2.7108 Al ii 7.6 ± 0.5
6345.1 1709.6 2.7108 Ni ii 0.7 ± 0.3
6462.8 1741.6 2.7108 Ni ii 1.0 ± 0.3
6709.0 1808.0 2.7108 Si ii 2.2 ± 0.4
6880.9 1854.7 2.7108 Al iii 9.1 ± 0.5
6912.0 1862.8 2.7108 Al iii 4.3 ± 0.5

7516.9 2026.1 2.7108 Zn ii 1.8 ± 0.6
2026.5 2.7108 Mg i

7652.9 2062.7 2.7108 Zn ii In telluric band
8227.8 3.1 ± 0.7
8700.2 2344.2 2.7108 Fe ii 8.0 ± 1.1
8812.1 2374.5 2.7108 Fe ii 6.8 ± 1.0
8843.4 2382.8 2.7108 Fe ii 9.6 ± 1.0
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Table 26

GRB 060729 (z = 0.5428)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4010.7 2600.2 0.5428 Fe ii 0.7 ± 0.2

4314.7 2796.3 0.5428 Mg ii 2.80 ± 0.06
4325.5 2803.5 0.5428 Mg ii

4402.1 2853.0 0.5428 Mg i 0.91 ± 0.06
6070.1 3934.8 0.5428 Ca ii (K) 1.16 ± 0.04
6123.7 3969.6 0.5428 Ca ii (H) 0.85 ± 0.04

Table 27

GRB 060807

λobs (Å) λrest (Å) z Feature EWobs (Å)

5200.0 0.6 ± 0.3

Table 28

GRB 060904B (z = 0.7029)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4383.5 2576.9 0.7029 Mn ii 0.6 ± 0.3
4404.0 2586.7 0.7029 Fe ii 1.6 ± 0.3
4427.3 2600.2 0.7029 Fe ii 3.1 ± 0.3

4763.7 2796.3 0.7029 Mg ii 7.9 ± 0.2
4772.6 2803.5 0.7029 Mg ii

4858.4 2853.0 0.7029 Mg i 1.7 ± 0.2
6352.6 3727.7 0.7029 [O ii] Emission
6701.7 3934.8 0.7029 Ca ii (K) 2.3 ± 0.2
6760.6 3969.6 0.7029 Ca ii (H) 1.8 ± 0.2
8531.7 5008.2 0.7029 [O iii] Emission

Table 29

GRB 060906 (z = 3.6856)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5689.8 1215.7 3.6856 Lyα

5904.0 1260.4 3.6856 Si ii 4.0 ± 1.0

6108.2 1302.2 3.6856 O i 5.5 ± 1.1
1304.4 3.6856 Si ii

6254.6 1334.5 3.6856 C ii 6.1 ± 0.9
6335.9 2796.3 1.2659 Mg ii 3.7 ± 0.7
6352.5 2803.5 1.2659 Mg ii

6529.2 1393.8 3.6856 Si iv 3.2 ± 0.8
7153.6 1526.7 3.6856 Si ii 2.2 ± 0.9

7258.1 1548.2 3.6856 C iv 3.4 ± 0.9
1550.8 3.6856 C iv

Table 30

GRB 060908 (z = 1.8836)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4464.8 1548.2 1.8836 C iv 9.3 ± 1.5
4471.5 1550.8 1.8836 C iv

Table 31

GRB 060926 (z = 3.2086)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5116.2 1215.7 3.2086 Lyα

5382.1 2796.3 0.9242 Mg ii 4.8 ± 1.8
5393.1 2803.5 0.9242 Mg ii

5614.3 1334.5 3.2086 C ii 5.5 ± 1.4
5625.1 1335.7 3.2086 C ii*

5863.7 1393.8 3.2086 Si iv 3.9 ± 1.4
6426.2 1526.7 3.2086 Si ii 4.0 ± 1.1

6517.7 1548.2 3.2086 C iv 8.0 ± 1.2
1550.8 3.2086 C iv

6637.5 2374.5 1.7954 Fe ii 4.8 ± 1.0
6660.6 2382.8 1.7954 Fe ii 4.7 ± 1.4
7232.3 2586.7 1.7954 Fe ii 7.3 ± 1.5
7267.9 2600.2 1.7954 Fe ii 4.6 ± 1.5
7816.2 2796.3 1.7954 Mg ii 7.5 ± 2.0
7837.1 2803.5 1.7954 Mg ii 7.8 ± 2.0

Table 32

GRB 060927 (z = 5.4636)

λobs (Å) λrest (Å) z Feature EWobs (Å)

7865. 1215.7 5.4636 Lyα

8146.7 1260.4 5.4636 Si ii 9.0 ± 4.0

Table 33

GRB 061007 (z = 1.2622)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5302.8 2344.2 1.2622 Fe ii 6.4 ± 1.7
5370.4 2374.5 1.2622 Fe ii 8.0 ± 2.0
5389.5 2382.8 1.2622 Fe ii 5.1 ± 1.5

5777.2 2796.3 1.0660 Mg ii 13.9 ± 1.8
5788.2 2803.5 1.0660 Mg ii

5827.7 2576.9 1.2622 Mn ii 2.8 ± 1.3
5852.0 2586.7 1.2622 Fe ii 7.3 ± 1.3
5884.5 2600.2 1.2622 Fe ii 5.9 ± 1.4
6324.5 2796.3 1.2622 Mg ii 5.8 ± 1.1
6341.9 2803.5 1.2622 Mg ii 6.4 ± 1.1
8134.3 3934.8 1.0660 Ca ii 3.5 ± 1.1
8429.3 3726.0 1.2622 [O ii] Emission
8440.3 3728.8 1.2622 [O ii] Emission

Table 34

GRB 061021 (z = 0.3463)

λobs (Å) λrest (Å) z Feature EWobs (Å)

3767.9 2796.4 0.3463 Mg ii 2.5 ± 0.7
2803.5 0.3463 Mg ii

Table 35

GRB 061110A (z = 0.7578)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4914. 2796.3 0.7578 Mg ii 6.4 ± 1.4
2803.5 0.7578 Mg ii

6551.8 3727.7 0.7578 Hβ Emission
8719.7 4960.3 0.7578 [O iii] Emission
8803.3 5008.2 0.7578 [O iii] Emission
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Table 36

GRB 061110B (z = 3.4344)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5350.7 1215.7 3.4344 Lyα

5774.2 1302.2 3.4344 O i 4.7 ± 1.0
5785.8 1304.4 3.4344 Si ii 6.9 ± 1.1

5919.3 1334.5 3.4344 C ii 6.7 ± 1.4
1335.7 3.4344 C ii*

6182.1 1393.8 3.4344 Si iv 6.6 ± 1.2
6221.4 1402.8 3.4344 Si iv 5.9 ± 1.3
6767.8 1526.7 3.4344 Si ii 3.2 ± 0.8
6802.2 1533.4 3.4344 Si ii* 3.5 ± 0.9

6862.5 1548.2 3.4344 C iv 9.6 ± 1.5
6875.3 1550.8 3.4344 C iv

7409.6 1670.8 3.4344 Al ii 4.1 ± 1.3

Table 37

GRB 061121 (z = 1.3145)

λobs (Å) λrest (Å) z Feature EWobs (Å)

LRISb/B600

3534.1 1526.7 1.3145 Si ii 4.74 ± 0.13
3549.0 1532.5 1.3145 P ii 1.75 ± 0.13

1533.4 1.3145 Si ii*

3587.2 1548.2 1.3145 C iv 10.20 ± 0.14
1550.8 1.3145 C iv

3609.2 1560.3 1.3145 C i 1.14 ± 0.10
3722.7 1608.5 1.3145 Fe ii 4.26 ± 0.08

3732.4 1611.2 1.3145 Fe ii 1.16 ± 0.09
1612.8 1.3145 Fe ii*
1613.4 1.3145 C i

3745.8 1618.5 1.3145 Fe ii* 0.33 ± 0.07

3753.0 1621.7 1.3145 Fe ii* 0.61 ± 0.07
3762.3 0.31 ± 0.07

3770.7 1629.2 1.3145 Fe ii* 0.49 ± 0.07
3785.3 1637.4 1.3145 Fe ii* 1.38 ± 0.11

1634.4 1.3145 Fe ii*
1636.3 1.3145 Fe ii*

3817.6 0.20 ± 0.07
3836.6 1656.9 1.3145 C i 0.57 ± 0.09
3867.7 1670.8 1.3145 Al ii 5.42 ± 0.08
3939.0 1702.0 1.3145 Fe ii* 0.49 ± 0.05
3957.3 1709.6 1.3145 Ni ii 0.77 ± 0.07
4031.7 1741.6 1.3145 Ni ii 1.22 ± 0.08
4044.8 1747.8 1.3145 Mg i 0.23 ± 0.06
4056.3 1751.9 1.3145 Ni ii 0.71 ± 0.08

4185.4 1807.3 1.3145 S i 2.82 ± 0.07
1808.0 1.3145 Si ii

4205.6 1816.9 1.3145 Si ii* 0.38 ± 0.06
1817.5 1.3145 Si ii*

4231.1 1827.9 1.3145 Mg i 0.49 ± 0.05
4293.4 1854.7 1.3145 Al iii 4.68 ± 0.06
4312.1 1862.8 1.3145 Al iii 3.75 ± 0.06

4690.0 2026.1 1.3145 Zn ii 2.43 ± 0.06
2026.3 1.3145 Cr ii

2026.5 1.3145 Mg i

4759.7 2056.3 1.3145 Cr ii 1.70 ± 0.06
4774.0 2062.2 1.3145 Cr ii 2.31 ± 0.06

2062.7 1.3145 Zn ii

4782.2 2066.2 1.3145 Cr ii 1.09 ± 0.06
5013.1 2166.2 1.3145 Ni ii* 0.68 ± 0.05
5020.8 2169.8 1.3145 Ni ii* 0.24 ± 0.05
5034.3 2175.4 1.3145 Ni ii* 0.31 ± 0.06

Table 37

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5131.1 2217.2 1.3145 Ni ii* 1.32 ± 0.05
5146.0 2223.6 1.3145 Ni ii* 0.53 ± 0.05
5152.8 0.32 ± 0.05
5207.7 2249.9 1.3145 Fe ii 1.44 ± 0.06
5215.7 0.64 ± 0.06
5233.1 2260.8 1.3145 Fe ii 1.76 ± 0.06
5277.3 0.38 ± 0.05
5331.5 0.20 ± 0.05
5361.8 2316.8 1.3145 Ni ii* 0.93 ± 0.05
5387.8 2328.1 1.3145 Fe ii* 0.92 ± 0.06
5400.1 2333.5 1.3145 Fe ii* 2.11 ± 0.07
5412.7 2338.7 1.3145 Fe ii* 1.16 ± 0.06

5426.7 2344.2 1.3145 Fe ii 6.53 ± 0.06
2345.0 1.3145 Fe ii*

5436.5 2349.0 1.3145 Fe ii* 1.80 ± 0.05
5452.6 0.20 ± 0.05
5463.3 2359.8 1.3145 Fe ii* 2.09 ± 0.06
5475.1 2365.6 1.3145 Fe ii* 1.34 ± 0.06
5483.7 0.51 ± 0.05
5497.3 2374.5 1.3145 Fe ii 6.01 ± 0.07

5515.9 2381.5 1.3145 Fe ii* 8.53 ± 0.07
2382.8 1.3145 Fe ii

2383.8 1.3145 Fe ii*

5530.5 2389.4 1.3145 Fe ii* 1.62 ± 0.06

5546.8 2396.2 1.3145 Fe ii* 2.86 ± 0.06
2396.4 1.3145 Fe ii*

5555.1 2400.0 1.3145 Fe ii* 1.69 ± 0.06

5568.2 2405.3 1.3145 Fe ii* 2.45 ± 0.06
2405.6 1.3145 Fe ii*

5572.4 2407.4 1.3145 Fe ii* 1.46 ± 0.05

5582.0 2411.3 1.3145 Fe ii* 2.34 ± 0.08
2411.8 1.3145 Fe ii*

5587.8 2414.1 1.3145 Fe ii* 1.30 ± 0.06
5608.5 0.26 ± 0.06

LRISr/R400

5570.8 2405.2 1.3145 Fe ii* 2.41 ± 0.21
2405.6 1.3145 Fe ii*
2407.4 1.3145 Fe ii*

5583.1 2411.3 1.3145 Fe ii* 2.71 ± 0.21
2411.8 1.3145 Fe ii*
2414.1 1.3145 Fe ii*

5935.1 1.47 ± 0.09
5966.8 2576.9 1.3145 Mn ii 3.08 ± 0.09
5989.2 2586.7 1.3145 Fe ii 7.34 ± 0.09
6006.8 2594.5 1.3145 Mn ii 3.01 ± 0.08

6020.0 2599.2 1.3145 Fe ii* 8.80 ± 0.07
2600.2 1.3145 Fe ii

6035.8 2606.6 1.3145 Mn ii 3.49 ± 0.08
2607.9 1.3145 Fe ii*

6049.4 2612.7 1.3145 Fe ii* 3.61 ± 0.07
2614.6 1.3145 Fe ii*

6061.4 2618.4 1.3145 Fe ii* 1.13 ± 0.08
2621.2 1.3145 Fe ii*
2622.5 1.3145 Fe ii*

6083.6 2621.2 1.3145 Fe ii* 5.16 ± 0.13
2622.5 1.3145 Fe ii*
2626.5 1.3145 Fe ii*
2629.1 1.3145 Fe ii*
2631.8 1.3145 Fe ii*
2632.1 1.3145 Fe ii*
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Table 37

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

6284.7 0.88 ± 0.09
6315.2 0.84 ± 0.09
6343.0 2740.4 1.3145 Fe ii* 1.55 ± 0.08

6361.6 2747.3 1.3145 Fe ii* 4.45 ± 0.10
2747.9 1.3145 Fe ii*
2750.2 1.3145 Fe ii*

6380.3 2756.6 1.3145 Fe ii* 1.49 ± 0.09
6473.6 2796.4 1.3145 Mg ii 10.25 ± 0.09
6490.3 2803.5 1.3145 Mg ii 9.71 ± 0.07
6603.9 2853.0 1.3145 Mg i 5.70 ± 0.09

6873.2 2967.8 1.3145 Fe i 2.33 ± 0.10
6897.3 1.10 ± 0.11

7839.8 3384.7 1.3145 Ti ii 1.52 ± 0.15
8231.0 1.84 ± 0.11

9106.0 3934.8 1.3145 Ca ii 4.07 ± 0.19
9186.8 3969.6 1.3145 Ca ii 3.30 ± 0.16

Table 38

GRB 070110 (z = 2.3521)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4067.7 1215.7 2.3521 Lyα

4224.2 1260.4 2.3521 Si ii 4.5 ± 0.4
4240.7 1264.7 2.3521 Si ii* 2.4 ± 0.4

4368.6 1302.2 2.3521 O i 7.1 ± 0.4
1304.4 2.3521 Si ii

4425.1 1548.2 1.856 C iv 8.2 ± 0.4
1550.8 1.856 C iv

4474.1 1334.5 2.3521 C ii 3.8 ± 0.3
1335.7 2.3521 C ii*

4672.1 1393.8 2.3521 Si iv 1.4 ± 0.3
4702.8 1402.8 2.3521 Si iv 1.4 ± 0.3
4773.7 1670.8 1.856 Al ii 1.1 ± 0.3
5116.3 1526.7 2.3521 Si ii 3.5 ± 0.3
5141.7 1533.4 2.3521 Si ii* 1.2 ± 0.3

5193.5 1548.2 2.3521 C iv 3.1 ± 0.3
1550.8 2.3521 C iv

5391.1 1608.4 2.3521 Fe ii 2.5 ± 0.3
5600.4 1670.8 2.3521 Al ii 3.0 ± 0.3
5730.3 1709.6 2.3521 Ni ii 1.2 ± 0.3
5838.9 1741.6 2.3521 Ni ii 0.9 ± 0.3
6059.4 1808.0 2.3521 Si ii 1.4 ± 0.3
6215.6 1854.7 2.3521 Al iii 1.1 ± 0.3
6246.4 1862.8 2.3521 Al iii 1.0 ± 0.3

6790.1 2026.1 2.3521 Zn ii 2.0 ± 0.4
2026.5 2.3521 Mg i

7860.9 2344.2 2.3521 Fe ii 2.9 ± 0.8
7959.6 2374.5 2.3521 Fe ii 3.3 ± 0.6
7985.9 2382.8 2.3521 Fe ii 7.1 ± 0.8
8670.6 2586.7 2.3521 Fe ii 1.9 ± 0.9
8714.4 2600.2 2.3521 Fe ii 6.8 ± 0.6

Table 39

GRB 070125 (z = 1.5471)

λobs (Å) λrest (Å) z Feature EWobs (Å)

3950.3 1548.2 1.5471 C iv 1.7 ± 0.3
1550.8 1.5471 C iv

7122.4 2796.3 1.5471 Mg ii 0.5 ± 0.1
7140.8 2803.5 1.5471 Mg ii 0.4 ± 0.1

Table 40

GRB 070306 (z = 1.4965)

λobs (Å) λrest (Å) z Feature EWobs (Å)

9306.3 3727.7 1.4965 [O ii] Emission

Table 41

GRB 070318 (z = 0.8397)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4313.1 2344.2 0.8397 Fe ii 1.4 ± 0.3
4365.2 2374.5 0.8397 Fe ii 0.8 ± 0.2
4381.7 2382.8 0.8397 Fe ii 2.2 ± 0.3

4743.5 2576.9 0.8397 Mn ii 6.7 ± 0.4
4758.1 2586.7 0.8397 Fe ii

4772.6 2594.5 0.8397 Mn ii

4783.6 2600.2 0.8397 Fe ii

4795.0 2606.5 0.8397 Mn ii

5145.4 2796.4 0.8397 Mg ii 4.8 ± 0.3
5157.9 2803.5 0.8397 Mg ii

5247.8 2853.0 0.8397 Mg i 1.2 ± 0.2
6228.2 3384.7 0.8397 Ti ii 1.0 ± 0.3
7238.4 3934.8 0.8397 Ca ii 3.8 ± 0.4
7305.5 3969.6 0.8397 Ca ii 1.8 ± 0.4

Table 42

GRB 070411 (z = 2.9538)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4806.5 1215.7 2.9538 Lyα

4983.9 1260.4 2.9538 Si ii 1.1 ± 0.3

5156.9 1302.2 2.9538 O i 1.3 ± 0.3
1304.4 2.9538 Si ii

5276.6 1334.5 2.9538 C ii 2.1 ± 0.3
5280.6 1335.7 2.9538 C ii* 0.7 ± 0.2
5509.3 1393.8 2.9538 Si iv 3.1 ± 0.4
5545.9 1402.8 2.9538 Si iv 2.6 ± 0.4
6033.8 1526.7 2.9538 Si ii 1.7 ± 0.4

6120.5 1548.2 2.9538 C iv 10.1 ± 0.5
6131.8 1550.8 2.9538 C iv

6358.8 1608.4 2.9538 Fe ii 0.9 ± 0.3
6606.3 1670.8 2.9538 Al ii 1.8 ± 0.3

Table 43

GRB 070419A (z = 0.9705)

λobs (Å) λrest (Å) z Feature EWobs (Å)

GMOS/R831

7753.8 3934.8 0.9705 Ca ii 2.46 ± 0.31
7822.2 3969.6 0.9705 Ca ii 1.21 ± 0.29
8332.3 4227.9 0.9705 Ca i 0.84 ± 0.18

Table 44

GRB 070506 (z = 2.3090)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4017.1 1215.7 2.3090 Lyα

4166.8 1260.4 2.3090 Si ii 9.0 ± 2.0

4314.5 1302.2 2.3090 O i 8.5 ± 2.0
1304.4 2.3090 Si ii
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Table 44

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4641.3 1402.7 2.3090 Si iv 4.4 ± 1.5

4758.7 1548.2 2.0709 C iv 7.5 ± 1.4
1550.8 2.0709 C iv

5049.5 1526.7 2.3090 Si ii 6.7 ± 0.9
5085.2 6.4 ± 0.9

5122. 1548.2 2.3090 C iv 6.4 ± 1.0
1550.8 2.3090 C iv

5324.7 1608.4 2.3090 Fe ii 4.4 ± 0.7
5528.4 1670.7 2.3090 Al ii 4.7 ± 0.6
5694.2 1854.7 2.0709 Al iii 3.1 ± 0.5
5721.4 1862.7 2.0709 Al iii 3.1 ± 0.5
6140.1 1854.7 2.3090 Al iii 2.6 ± 0.5
6706.8 2026.1 2.3090 Zn ii 2.8 ± 0.5

2026.5 2.3090 Mg i

6824.8 2062.2 2.3090 Cr ii 2.9 ± 0.5
2062.6 2.3090 Zn ii

Table 45

GRB 070611 (z = 2.0394)

λobs (Å) λrest (Å) z Feature EWobs (Å)

3694.8 1215.7 2.0394 Lyα

4359.4 2796.3 0.5588 Mg ii 2.5 ± 1.0
4369.8 2803.5 0.5588 Mg ii 2.5 ± 1.0

4708.8 1548.2 2.0394 C iv 2.9 ± 1.0
1550.8 2.0394 C iv

5472.6 2382.8 1.2973 Fe ii 2.2 ± 0.7
6425.4 2796.3 1.2973 Mg ii 3.9 ± 0.7
6440.4 2803.5 1.2973 Mg ii 3.2 ± 0.7
8497.0 2796.3 2.0394 Mg ii 2.8 ± 1.2
8523.2 2803.5 2.0394 Mg ii 3.6 ± 0.9

Table 46

GRB 070721B (z = 3.6298)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4970.0 1215.7 3.0939 Lyα

5590.0 1215.7 3.6298 Lyα

6028.1 1302.2 3.6298 O i 6.5 ± 1.9
1304.4 3.6298 Si ii

6179.8 1334.5 3.6298 C ii 5.0 ± 2.0
6248.7 1526.7 3.0939 Si ii 7.0 ± 2.2

6337.3 1548.2 3.0939 C iv 19.0 ± 3.0
6349.9 1550.8 3.0939 C iv

6450.2 1393.8 3.6298 Si iv 6.0 ± 1.9
6492.7 1402.8 3.6298 Si iv 7.0 ± 2.2
6584.2 1608.5 3.0939 Fe ii 9.0 ± 1.9
6842.2 1670.8 3.0939 Al ii 7.6 ± 2.0
7066.2 1526.7 3.6298 Si ii 5.8 ± 1.9
7104.6 1533.4 3.6298 Si ii* 5.9 ± 1.8

7167.5 1548.2 3.6298 C iv 14.6 ± 2.6
7180.8 1550.8 3.6298 C iv

Table 47

GRB 070802 (z = 2.4511)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4200.0 1215.7 2.4541 Lyα

4607.9 1334.5 2.4541 C ii 16 ± 6
5141.4 1670.7 2.0785 Al ii 6.0 ± 1.7
5273.9 1526.7 2.4541 Si ii 10 ± 2

Table 47

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5350.9 1548.2 2.4541 C iv 7.3 ± 1.8
1550.8 2.4541 C iv

5390.7 1560.3 2.4541 C i 2.4 ± 1.2
5556.4 1608.4 2.4541 Fe ii 10.5 ± 1.6
5724.5 1656.9 2.4541 C i 4.7 ± 1.1
5771.2 1670.7 2.4541 Al ii 14.3 ± 1.2
6246.5 1808.8 2.4541 Si ii 3.9 ± 1.0
6404.9 1854.7 2.4541 Al iii 2.4 ± 1.0

7000.1 2026.1 2.4541 Zn ii 4.2 ± 1.0
2026.5 2.4541 Mg i

7104.1 2056.3 2.4541 Cr ii 2.0 ± 0.9

7124.8 2062.2 2.4541 Cr ii 2.53 ± 0.9
7126.3 2062.7 2.4541 Zn ii

7218.7 2344.2 2.0785 Fe ii 3.4 ± 1.0
7311.4 2374.5 2.0785 Fe ii 4.5 ± 1.0
7335.7 2382.8 2.0785 Fe ii 4.9 ± 1.0
7810.7 2260.8 2.4541 Fe ii 6.6 ± 1.0
8005.9 2600.2 2.0785 Fe ii 4.7 ± 1.1
8094.1 2344.2 2.4541 Fe ii 16.5 ± 2.0
8200.5 2374.5 2.4541 Fe ii 12.7 ± 1.5
8228.0 2382.8 2.4541 Fe ii 18.8 ± 1.5
8277.1 2396.4 2.4541 Fe ii* 2.9 ± 1.4
8308.7 2405.6 2.4541 Fe ii** 2.8 ± 1.4
8515.5 2586.7 2.2921 Fe ii 2.3 ± 0.6
8560.6 2600.2 2.2921 Fe ii 2.2 ± 0.6
8607.0 2796.3 2.0785 Mg ii 11.3 ± 0.6
8631.0 2803.5 2.0785 Mg ii 11.5 ± 0.6
8780.1 2853.0 2.0785 Mg i 2.7 ± 1.1
8902.8 2576.9 2.4541 Mn ii 5.0 ± 1.2
8934.4 2586.7 2.4541 Fe ii 19.5 ± 1.3
8979.5 2600.2 2.4541 Fe ii 29.0 ± 1.3
9208.6 2796.3 2.2921 Mg ii 1.8 ± 0.6
9226.5 2803.5 2.2921 Mg ii 1.4 ± 0.6

Table 48

GRB 071020 (z = 2.1462)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5254.7 1670.8 2.1462 Al ii 6 ± 2
7376.8 2344.2 2.1462 Fe ii 5 ± 2
7498.3 2382.8 2.1462 Fe ii 6 ± 2
8136.8 2586.7 2.1462 Fe ii 7 ± 2
8181.6 2600.2 2.1462 Fe ii 11 ± 2
8274.5 6 ± 2
8797.7 2796.3 2.1462 Mg ii 14 ± 2
8820.9 2803.5 2.1462 Mg ii 10 ± 2

Table 49

GRB 071031 (z = 2.6918)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4483.0 1215.7 2.6918 Lyα

4652.0 1260.4 2.6918 Si ii 2.65 ± 0.15
4670.0 1264.7 2.6918 Si ii* 2.00 ± 0.15

4815.2 1302.2 2.6918 O i 4.91 ± 0.11
1304.4 2.6918 Si ii

4833.5 1309.3 2.6918 Si ii* 1.45 ± 0.13
4862.9 1317.2 2.6918 Ni ii 0.46 ± 0.15
4900.1 1854.7 1.6421 Al iii 0.56 ± 0.12
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Table 49

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4928.5 1334.5 2.6918 C ii 4.45 ± 0.13
1335.7 2.6918 C ii*

5056.8 1370.1 2.6918 Ni ii 0.62 ± 0.14
5145.1 1393.8 2.6918 Si iv 3.70 ± 0.15
5178.9 1402.8 2.6918 Si iv 2.76 ± 0.15
5224.5 1549.1 2.3726 C iv 1.40 ± 0.14
5636.1 1526.7 2.6918 Si ii 1.99 ± 0.11
5661.1 1533.4 2.6918 Si ii* 1.75 ± 0.11
5717.1 1549.1 2.6918 C iv 8.05 ± 0.16
5755.5 1559 2.6918 Fe ii***** 1.22 ± 0.12
5938.2 1608.4 2.6918 Fe ii 3.25 ± 0.16

5976.9 1618.5 2.6918 Fe ii* 0.93 ± 0.12
5987.0 1621.7 2.6918 Fe ii*

6015.9 1629.2 2.6918 Fe ii** 0.94 ± 0.12
6041.9 1636.3 2.6918 Fe ii*** 1.37 ± 0.12
6168.3 1670.8 2.6918 Al ii 2.33 ± 0.11
6429.7 1741.6 2.6918 Ni ii 0.59 ± 0.12
6466.7 1751.9 2.6918 Ni ii 0.42 ± 0.12
6674.6 1808.0 2.6918 Si ii 0.94 ± 0.10
6848.3 1854.7 2.6918 Al iii 0.96 ± 0.12
7032.1 2382.8 1.9514 Fe ii 1.48 ± 0.12
7388.5 2796.3 1.6421 Mg ii 1.83 ± 0.13
7407.3 2803.5 1.6421 Mg ii 1.42 ± 0.15

7479.6 2026.1 2.6918 Zn ii 0.31 ± 0.15
2026.5 2.6918 Mg i

7673.6 2600.2 1.9514 Fe ii 0.40 ± 0.20
7996.0 2166.2 2.6918 Ni ii** 1.50 ± 0.20
8252.9 2796.3 1.9514 Mg ii 2.40 ± 0.19
8275.0 2803.5 1.9514 Mg ii 1.47 ± 0.19
8553.0 2316.7 2.6918 Ni ii** 0.90 ± 0.20
8594.7 2328.1 2.6918 Fe ii** 0.90 ± 0.20
8614.1 2333.5 2.6918 Fe ii* 2.70 ± 0.18
8635.7 2338.7 2.6918 Fe ii*** 0.73 ± 0.22
8655.8 2344.2 2.6918 Fe ii 4.30 ± 0.25
8672.1 2349.0 2.6918 Fe ii** 2.60 ± 0.25
8714.7 2359.8 2.6918 Fe ii*** 2.30 ± 0.17
8733.5 2365.6 2.6918 Fe ii* 1.68 ± 0.17
8766.4 2374.5 2.6918 Fe ii 2.43 ± 0.35
8797.0 2382.8 2.6918 Fe ii 4.47 ± 0.20
8821.5 2389.4 2.6918 Fe ii* 1.35 ± 0.35
8846.5 2396.4 2.6918 Fe ii* 1.77 ± 0.35
8860.2 2400.0 2.6918 Fe ii** 1.79 ± 0.35
8883.5 2405.6 2.6918 Fe ii** 3.96 ± 0.35
8902.2 2411.3 2.6918 Fe ii*** 3.30 ± 0.35
9549.1 2586.7 2.6918 Fe ii 3.43 ± 0.60
9596.5 2600.2 2.6918 Fe ii 5.17 ± 0.32

Table 50

GRB 071112C (z = 0.8227)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4273.4 2344.2 0.8227 Fe ii 2.0 ± 0.5
4328.7 2374.5 0.8227 Fe ii 1.0 ± 0.5
4345.0 2382.8 0.8227 Fe ii 1.6 ± 0.5
4715.9 2586.7 0.8227 Fe ii 2.0 ± 0.5
4741.0 2600.2 0.8227 Fe ii 2.4 ± 0.5

5096.4 2796.3 0.8227 Mg ii 4.9 ± 0.6
5110.1 2803.5 0.8227 Mg ii

6795.8 3727.7 0.8227 [O ii] Emission
7051.2 3869.8 0.8227 [Ne iii] Emission
7170.0 3934.8 0.8227 Ca ii 2.4 ± 0.5

Table 50

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

7233.1 3969.6 0.8227 Ca ii 2.8 ± 0.8
9038.5 4960.3 0.8227 [O iii] Emission
9127.7 5008.2 0.8227 [O iii] Emission

Table 51

GRB 080210 (z = 2.6419)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4406.6 1215.7 2.6419 Lyα

4591.5 1260.4 2.6419 Si ii 4.2 ± 0.7
4609.3 1264.7 2.6419 Si ii* 2.3 ± 0.6
4652.8 1.4 ± 0.4

4747.6 1302.2 2.6419 O i 9.7 ± 0.6
1304.4 2.6419 Si ii

4768.8 1309.3 2.6419 Si ii* 1.3 ± 0.5
4862.5 1334.5 2.6419 C ii 8.7 ± 0.5
5076.3 1393.8 2.6419 Si iv 5.7 ± 0.4
5109.4 1402.8 2.6419 Si iv 4.7 ± 0.4
5354.3 1526.7 2.5084 Si ii 1.0 ± 0.3
5437.0 1549.1 2.5084 C iv 4.3 ± 0.4
5559.2 1526.7 2.6419 Si ii 5.1 ± 0.3
5642.3 1548.2 2.6419 C iv 12.7 ± 0.4

1550.8 2.6419 C iv

5857.5 1608.4 2.6419 Fe ii 3.7 ± 0.3
6083.9 1670.8 2.6419 Al ii 6.2 ± 0.3
6582.7 1808.0 2.6419 Si ii 2.1 ± 0.3
6753.9 1854.7 2.6419 Al iii 3.9 ± 0.3
6782.0 1862.8 2.6419 Al iii 2.4 ± 0.3

7379.5 2026.1 2.6419 Zn ii 2.3 ± 0.4
2026.5 2.6419 Mg i

8533.8 2344.2 2.6419 Fe ii 6.3 ± 0.4
8644.7 2374.5 2.6419 Fe ii 1.8 ± 0.5
8675.2 2382.8 2.6419 Fe ii 6.8 ± 0.5

Table 52

GRB 080310 (z = 2.4274)

λobs (Å) λrest (Å) z Feature EWobs (Å)

Kast/B830

4167.8 1215.7 2.4293 Lyα 11.51 ± 0.54
4222.8 1.82 ± 0.46
4263.6 1.87 ± 0.45

Kast/R600

4562.6 1393.8 2.2810 Si iv 15.89 ± 1.21
1334.3 2.4293 C ii

4756.5 1.73 ± 0.41
4778.0 1393.8 2.4293 Si iv 2.37 ± 0.36

4809.1 1.81 ± 0.37
5084.2 1548.2 2.2810 C iv 7.26 ± 0.37

1550.8 2.2810 C iv

5314.8 1548.2 2.4293 C iv 7.77 ± 0.31
1550.8 2.4293 C iv

5726.0 1670.8 2.4293 Al ii 2.28 ± 0.25
6485.3 1.60 ± 0.25
6550.1 1.67 ± 0.25
6895.2 4.16 ± 0.27
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Table 53

GRB 080319B (z = 0.9382)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4543.3 2344.2 0.9382 Fe ii 1.4 ± 0.6

4798.6 2796.3 0.716 Mg ii 3.0 ± 0.6
2803.5 0.716 Mg ii

5013.5 2586.7 0.9382 Fe ii 1.8 ± 0.5
5040.9 2600.2 0.9382 Fe ii 1.4 ± 0.5
5419.6 2796.3 0.9382 Mg ii 2.0 ± 0.5
5433.6 2803.5 0.9382 Mg ii 1.7 ± 0.5

Table 54

GRB 080319C (z = 1.9492)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4502.5 1526.7 1.9492 Si ii 3.9 ± 1.7

4565.4 1548.2 1.9492 C iv 10.6 ± 0.7
1550.8 1.9492 C iv

4743.9 1608.5 1.9492 Fe ii 3.4 ± 1.3
4926.7 1670.8 1.9492 Al ii 5.7 ± 0.9
5062.5 2796.4 0.8104 Mg ii 4.0 ± 0.8
5075.3 2803.5 0.8104 Mg ii 3.7 ± 0.8
5137.5 1741.6 1.9492 Ni ii 3.0 ± 0.6
5332.1 1808.0 1.9492 Si ii 3.5 ± 0.7
5470.3 1854.7 1.9492 Al iii 4.3 ± 0.6
5493.6 1862.8 1.9492 Al iii 4.2 ± 0.6

5976.4 2026.1 1.9492 Zn ii 2.3 ± 0.7
2026.5 1.9492 Mg i

6064.3 2056.3 1.9492 Cr ii 1.9 ± 0.6

6083.3 2062.2 1.9492 Cr ii 2.3 ± 0.6
2062.7 1.9492 Zn ii

6634.0 2249.9 1.9492 Fe ii 2.3 ± 0.6

Table 55

GRB 080330 (z = 1.5119)

λobs (Å) λrest (Å) z Feature EWobs (Å)

3889.4 1548.2 1.5119 C iv 4.3 ± 0.7
1550.8 1.5119 C iv

4028.8 1608.4 1.5119 Fe ii 2.0 ± 0.7
4198.2 1670.8 1.5119 Al ii 2.0 ± 0.7

5093.5 2026.1 1.5119 Zn ii 4.3 ± 0.4
2026.5 1.5119 Mg i

5190.3 2062.2 1.5119 Cr ii 0.6 ± 0.3

5190.3 2062.7 1.5119 Zn ii

5883.4 2344.2 1.5119 Fe ii 1.4 ± 0.5
5983.0 2382.8 1.5119 Fe ii 2.2 ± 0.5

6497.5 2586.7 1.5119 Fe ii 11 ± 2
6527.0 2600.2 1.5119 Fe ii

7031.1 2796.3 1.5119 Mg ii 5.2 ± 0.3
2803.5 1.5119 Mg ii

Table 56

GRB 080411 (z = 1.0301)

λobs (Å) λrest (Å) z Feature EWobs (Å)

3780.1 1862.8 1.0301 Al iii 1.43 ± 0.11

4112.2 2026.1 1.0301 Zn ii 1.30 ± 0.07
2026.5 1.0301 Mg i

4188.4 2062.2 1.0301 Cr ii 1.12 ± 0.08
4188.4 2062.7 1.0301 Zn ii

Table 56

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4398.0 2166.2 1.0301 Ni ii** 0.62 ± 0.06
4439.8 1.33 ± 0.06
4500.8 2217.2 1.0301 Ni ii** 0.61 ± 0.06
4516.3 2223.0 1.0301 Ni ii 0.20 ± 0.06
4566.8 2249.9 1.0301 Fe ii 0.69 ± 0.06
4591.6 2260.8 1.0301 Fe ii 0.68 ± 0.06
4705.2 2316.7 1.0301 Ni ii** 0.26 ± 0.05
4734.8 2333.5 1.0301 Fe ii* 0.91 ± 0.05

4761.2 2338.7 1.0301 Fe ii*** 2.87 ± 0.06
2344.7 1.0301 Fe ii

2349.0 1.0301 Fe ii**

4795.7 2359.8 1.0301 Fe ii*** 1.37 ± 0.06
2365.6 1.0301 Fe ii**

4822.2 2374.5 1.0301 Fe ii 9.31 ± 0.11
4836.3 2382.8 1.0301 Fe ii

4867.3 2396.4 1.0301 Fe ii*

4885.9 2400.0 1.0301 Fe ii**
2405.6 1.0301 Fe ii**
2411.3 1.0301 Fe ii***

5203.3 0.21 ± 0.08
5231.0 2576.9 1.0301 Mn ii 0.45 ± 0.05

5252.1 2586.7 1.0301 Fe ii 8.37 ± 0.20
5277.7 2600.2 1.0301 Fe ii

5294.8 2607.9 1.0301 Fe ii**
5302.8 2612.7 1.0301 Fe ii*
5314.2 2614.6 1.0301 Fe ii***

2618.4 1.0301 Fe ii**

5337.5 2622.5 1.0301 Fe ii**** 2.32 ± 0.10
2626.5 1.0301 Fe ii*
2629.1 1.0301 Fe ii****
2631.9 1.0301 Fe ii**

5677.1 2796.3 1.0301 Mg ii 6.43 ± 0.15
5690.6 2805.3 1.0301 Mg ii

5791.5 2853.0 1.0301 Mg i 1.17 ± 0.10
7984.6 3934.8 1.0301 Ca ii (K) 2.19 ± 0.30
8055.6 3969.6 1.0301 Ca ii (H) 2.25 ± 0.30

Table 57

GRB 080413A (z = 2.4330)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5241.9 1526.7 2.4330 Si ii 1.9 ± 0.3
5314.6 1548.2 2.4330 C iv 2.8 ± 0.3
5323.3 1550.8 2.4330 C iv 2.5 ± 0.3

Table 58

GRB 080413B (z = 1.1014)

λobs (Å) λrest (Å) z Feature EWobs (Å)

3374.5 1608.4 1.1014 Fe ii 0.9 ± 0.4
3508.7 1670.8 1.1014 Al ii 4.9 ± 1.0
3799.4 1808.0 1.1014 Si ii 1.12 ± 0.20
3896.7 1854.7 1.1014 Al iii 0.76 ± 0.20
3915.0 1862.8 1.1014 Al iii 0.76 ± 0.20

4258.2 2026.1 1.1014 Zn ii 1.39 ± 0.15
2026.5 1.1014 Mg i

4287.5 0.30 ± 0.10
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Table 58

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4322.5 2056.3 1.1014 Cr ii 1.41 ± 0.10
4334.1 2062.2 1.1014 Cr ii

2062.7 1.1014 Zn ii

4659.9 2217.2 1.1014 Ni ii** 0.29 ± 0.08
4726.6 2249.9 1.1014 Fe ii 0.49 ± 0.08
4751.4 2260.8 1.1014 Fe ii 0.72 ± 0.08
4926.3 2344.2 1.1014 Fe ii 4.56 ± 0.08
4990.4 2374.5 1.1014 Fe ii 3.04 ± 0.15
5006.9 2382.8 1.1014 Fe ii 5.08 ± 0.15
5038.5 2396.4 1.1014 Fe ii* 0.52 ± 0.15
5057.1 2405.6 1.1014 Fe ii** 0.45 ± 0.15

5414.7 2576.9 1.1014 Mn ii 15.84 ± 0.30
5436.0 2586.7 1.1014 Fe ii

5463.3 2600.2 1.1014 Fe ii

5488.4 2612.7 1.1014 Fe ii*

5525.6 2626.5 1.1014 Fe ii* 0.82 ± 0.10

5877.0 2796.3 1.1014 Mg ii 13.40 ± 0.20
5889.0 2803.5 1.1014 Mg ii

5995.1 2853.0 1.1014 Mg i 2.18 ± 0.10

Table 59

GRB 080520 (z = 1.5457)

λobs (Å) λrest (Å) z Feature EWobs (Å)

7116.6 2796.3 1.5457 Mg ii 6 ± 3
7137.0 2803.5 1.5457 Mg ii 8 ± 3
7266.0 2853.0 1.5457 Mg i 6 ± 3
9481.5 3727.1 1.5457 [O ii] Emission
9494.4 3727.9 1.5457 [O ii] Emission

Table 60

GRB 080603B (z = 2.6892)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4493.3 1215.7 2.6892 Lyα

4668.0 1264.7 2.6892 Si ii* 0.52 ± 0.25

4712.5 1.51 ± 0.20
4720.8
4740.9

4775.2 0.30 ± 0.15
4807.5 1302.2 2.6892 O i 2.67 ± 0.15
4815.0 1304.4 2.6892 Si ii

4831.5 1309.3 2.6892 Si ii* 0.54 ± 0.15
4925.8 1335.3 2.6892 C ii 3.88 ± 0.15
5141.3 1393.8 2.6892 Si iv 1.87 ± 0.14
5174.5 1402.8 2.6892 Si iv 1.25 ± 0.14
5628.6 1526.7 2.6892 Si ii 0.56 ± 0.14
5656.4 1533.4 2.6892 Si ii* 0.58 ± 0.14

5711.3 1548.2 2.6892 C iv 4.39 ± 0.16
1550.8 2.6892 C iv

5912.4 2796.4 1.1156 Mg ii 1.21 ± 0.13
5930.4 2803.5 1.1156 Mg ii

1608.4 2.6892 Fe ii

6040.0 2853.0 1.1156 Mg i 0.92 ± 0.15
6160.8 1670.8 2.6892 Al ii 1.55 ± 0.13

Table 61

GRB 080604 (z = 1.4171)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5665.8 2344.2 1.4171 Fe ii 4.8 ± 0.7
5739.4 2374.5 1.4171 Fe ii 4.3 ± 0.6
5759.4 2382.8 1.4171 Fe ii 4.7 ± 0.6
6252.4 2586.6 1.4171 Fe ii 6.4 ± 0.5
6285.0 2600.2 1.4171 Fe ii 6.4 ± 0.5
6758.4 2796.4 1.4171 Mg ii 7.6 ± 0.7
6777.4 2803.5 1.4171 Mg ii 5.4 ± 0.5
6896. 2853.0 1.4171 Mg i In telluric band

Table 62

GRB 080605 (z = 1.6403)

λobs (Å) λrest (Å) z Feature EWobs (Å)

3927.4 2.8 ± 0.8
4030.4 1526.7 1.6403 Si ii 5.2 ± 0.6
4050.2 1533.4 1.6403 Si ii* 2.8 ± 0.6

4090.1 1548.2 1.6403 C iv 13.5 ± 0.8
1550.8 1.6403 C iv

4121.5 1560.3 1.6403 C i 1.7 ± 0.6
4151.5 1.3 ± 0.5
4238.1 1.4 ± 0.5
4247.6 1608.4 1.6403 Fe ii 1.6 ± 0.5
4375.2 1656.9 1.6403 C i 1.0 ± 0.4
4411.0 1670.8 1.6403 Al ii 6.1 ± 0.5
4773.7 1808.0 1.6403 Si ii 1.2 ± 0.3
4897.0 1854.7 1.6403 Al iii 5.6 ± 0.3
4918.4 1862.8 1.6403 Al iii 4.1 ± 0.3

5351.2 2026.1 1.6403 Zn ii 1.6 ± 0.3
2026.5 1.6403 Mg i

5429.1 2056.4 1.6403 Cr ii 1.0 ± 0.3

5445.2 2062.2 1.6403 Cr ii 1.0 ± 0.3
2062.7 1.6403 Zn ii

5973.1 2600.2 1.2987 Fe ii 1.4 ± 0.3
6189.2 2344.2 1.6403 Fe ii 6.6 ± 0.3

6269.3 2374.5 1.6403 Fe ii 11.6 ± 0.4
6290.5 2382.8 1.6403 Fe ii

6430.1 2796.4 1.2987 Mg ii 1.77 ± 0.2
6446.4 2803.5 1.2987 Mg ii 1.27 ± 0.2
6803.0 2576.9 1.6403 Mn ii 1.35 ± 0.2
6828.8 2586.7 1.6403 Fe ii 5.6 ± 0.3
6865.8 2600.2 1.6403 Fe ii In telluric band

7380.7 2796.4 1.6403 Mg ii 22.6 ± 0.6
7400.7 2803.5 1.6403 Mg ii

7531.4 2853.0 1.6403 Mg i 6.1 ± 0.3

Table 63

GRB 080607 (z = 3.0368)

λobs (Å) λrest (Å) z Feature EWobs (Å)

LRIS/R400

5626.1 1393.8 3.0368 Si iv 10.78 ± 0.41
5663.2 1402.8 3.0368 Si iv 5.86 ± 0.28
5693.6 3.23 ± 0.32
5713.6 1414.4 3.0368 Ga ii 1.42 ± 0.21
5735.8 1419.0 3.0368 CO 5.40 ± 0.26
5753.4 1425.0 3.0368 S i 1.00 ± 0.17
5772.1 2344.2 1.4618 Fe ii 4.63 ± 0.19
5802.0 1433.9 3.0368 Pb ii 6.62 ± 0.29
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Table 63

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5848.9 2374.5 1.4618 Fe ii 10.09 ± 0.20
1447.4 3.0368 CO

5868.1 2382.8 1.4618 Fe ii 9.45 ± 0.21
1454.8 3.0368 Ni ii

5899.3 6.09 ± 0.29

5924.2 1466.2 3.0368 Co ii 1.88 ± 0.20
1467.3 3.0368 Ni ii

1467.8 3.0368 Ni ii

5943.1 1.53 ± 0.21
5975.2 1477.5 3.0368 CO 10.27 ± 0.24
6006.4 3.21 ± 0.20
6045.1 2586.7 1.3406 Fe ii 12.94 ± 0.29
6086.4 2600.2 1.3406 Fe ii 1.52 ± 0.13
6100.5 1509.6 3.0368 CO 8.03 ± 0.18
6132.1 7.78 ± 0.27
6163.0 1526.7 3.0368 Si ii 7.85 ± 0.15

6189.4 1532.5 3.0368 P ii 6.10 ± 0.15
1533.4 3.0368 Si ii*

6220.6 1.43 ± 0.17

6252.0 1544.3 3.0368 CO 20.82 ± 0.25
1548.2 3.0368 C iv

1550.8 3.0368 C iv

6301.5 1560.3 3.0368 C i 8.76 ± 0.31
6325.3 1566.8 3.0368 Fe ii* 2.53 ± 0.14
6338.4 2576.9 1.4618 Mn ii 4.38 ± 0.14

6369.4 2586.7 1.4618 Fe ii 13.04 ± 0.25
2594.5 1.4618 Mn ii

1574.6 3.0368 Co ii

6400.8 2600.2 1.4618 Fe ii 5.42 ± 0.13

6414.4 2606.5 1.4618 Mn ii 3.35 ± 0.12
1589.2 3.0368 Si i

6441.7 1595.8 3.0368 Si i 0.49 ± 0.12
6469.8 1602.5 3.0368 Ge i 5.28 ± 0.14

6500.9 1608.5 3.0368 Fe ii 14.81 ± 0.19
1611.2 3.0368 Fe ii

1612.8 3.0368 Fe ii*
1613.4 3.0368 CI

6534.6 1618.5 3.0368 Fe ii* 2.74 ± 0.12

6545.7 2796.4 1.3406 Mg ii 6.88 ± 0.13
1621.7 3.0368 Fe ii*

6562.1 2803.5 1.3406 Mg ii 3.59 ± 0.13
6575.9 1629.2 3.0368 Fe ii* 2.17 ± 0.12

6616.6 1637.4 3.0368 Fe ii* 17.98 ± 0.26
1631.1 3.0368 Fe ii*
1634.4 3.0368 Fe ii*
1636.3 3.0368 Fe ii*
1639.4 3.0368 Fe ii*

6660.2 3.71 ± 0.13
6678.2 2853.0 1.3406 Mg i 2.18 ± 0.10
6692.1 1656.9 3.0368 C i 8.21 ± 0.15
6713.3 1.45 ± 0.19
6744.1 1670.8 3.0368 Al ii 9.25 ± 0.10
6758.9 2.25 ± 0.12
6807.3 1.62 ± 0.12
6834.8 1.62 ± 0.18
6849.2 0.71 ± 0.12
6871.8 1702.0 3.0368 Fe ii* 3.88 ± 0.11

6884.0 2796.4 1.4618 Mg ii 8.59 ± 0.11
1703.4 3.0368 Ni ii

1707.1 3.0368 Mg i

Table 63

(Contined)

λobs (Å) λrest (Å) z Feature EWobs (Å)

6901.1 2803.5 1.4618 Mg ii 7.51 ± 0.11
1707.1 3.0368 Mg i

1709.6 3.0368 Ni ii

6914.4 1.57 ± 0.12
6930.7 1.25 ± 0.13
6945.4 1.39 ± 0.14
6964.8 2.05 ± 0.13
6989.2 0.75 ± 0.12
7013.1 2853.0 1.4618 Mg i 1.82 ± 0.15
7030.2 1741.6 3.0368 Ni ii 3.62 ± 0.10
7055.8 1747.8 3.0368 Mg i 2.36 ± 0.12
7072.1 1751.9 3.0368 Ni ii 2.56 ± 0.12

7160.7 1772.3 3.0368 Ni ii 1.06 ± 0.12
1774.0 3.0368 Ni ii

7187.9 3073.9 1.3406 Ti ii 0.74 ± 0.12

7204.0 3073.9 1.3406 Ti ii 0.85 ± 0.13
1783.3 3.0368 Ni ii

7284.8 1804.5 3.0368 Ni ii 0.97 ± 0.14

7298.9 1807.3 3.0368 S i 5.72 ± 0.13
1808.0 3.0368 Si ii

7334.4 1816.9 3.0368 Si ii* 2.93 ± 0.17
1817.5 3.0368 Si ii*

7378.6 1827.9 3.0368 Mg i 1.64 ± 0.14
7486.0 1854.7 3.0368 Al iii 7.43 ± 0.14
7518.8 1862.8 3.0368 Al iii 6.13 ± 0.15

7568.6 3230.1 1.3406 Ti ii 0.63 ± 0.17
3073.9 1.4618 Ti ii

7637.5 3242.9 1.3406 Ti ii 25.95 ± 0.34
1892.0 3.0368 Si iii

1901.8 3.0368 Fe ii

7776.5 1.01 ± 0.18
7982.5 3242.9 1.4618 Ti ii 1.74 ± 0.22
8122.6 2012.2 3.0368 Co ii 1.20 ± 0.18

8180.1 2026.1 3.0368 Zn ii 6.35 ± 0.18
2026.3 3.0368 Cr ii

2026.5 3.0368 Mg i

8232.8 2.09 ± 0.23

8316.6 3384.7 1.4618 Ti ii 16.66 ± 0.70
2056.3 3.0368 Cr ii

2062.2 3.0368 Cr ii

2062.7 3.0368 Zn ii

2066.2 3.0368 Cr ii

8398.3 5.94 ± 0.49
8434.2 2.56 ± 0.40
8443.2 1.15 ± 0.24
8480.9 2.10 ± 0.37
8513.3 1.93 ± 0.30
8606.0 5.68 ± 0.38

8749.4 2166.2 3.0368 Ni ii* 6.05 ± 0.53
2169.8 3.0368 Ni ii*
2167.5 3.0368 Fe i

8780.5 2175.4 3.0368 Ni ii* 5.19 ± 0.64
8827.5 8.93 ± 0.77
8948.9 2217.2 3.0368 Ni ii* 4.32 ± 0.56
8979.8 2223.6 3.0368 Ni ii* 6.94 ± 0.60
9085.3 2249.9 3.0368 Fe ii 4.53 ± 0.37
9097.4 3.20 ± 0.42
9134.1 2260.8 3.0368 Fe ii 6.27 ± 0.53
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Table 64

GRB 080707 (z = 1.2322)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5236.7 2344.2 1.2322 Fe ii 5.1 ± 0.9
5300.4 2374.5 1.2322 Fe ii 2.4 ± 0.9
5320.4 2382.8 1.2322 Fe ii 5.3 ± 0.9
5779.2 2586.7 1.2322 Fe ii 3.9 ± 0.8
5799.2 2600.2 1.2322 Fe ii 4.6 ± 0.8

6241.6 2796.3 1.2322 Mg ii 16.4 ± 1.1
6257.3 2805.3 1.2322 Mg ii

6366.1 2853.0 1.2322 Mg i 4.9 ± 0.8

Table 65

GRB 080710 (z = 0.8454)

λobs (Å) λrest (Å) z Feature EWobs (Å)

GMOS/B600

4326.5 2344.2 0.8454 Fe ii 0.77 ± 0.05
2345.0 0.8454 Fe ii*

4382.0 2374.5 0.8454 Fe ii 0.39 ± 0.04

4397.6 2381.5 0.8454 Fe ii* 1.05 ± 0.04
2382.8 0.8454 Fe ii

2383.8 0.8454 Fe ii*

4773.6 2586.7 0.8454 Fe ii 0.76 ± 0.03
4788.6 2594.5 0.8454 Mn ii 0.21 ± 0.04

4798.6 2599.2 0.8454 Fe ii* 1.32 ± 0.04
2600.2 0.8454 Fe ii

5160.5 2796.4 0.8454 Mg ii 2.23 ± 0.03
5173.8 2803.5 0.8454 Mg ii 1.95 ± 0.03
5264.9 2853.0 0.8454 Mg i 0.67 ± 0.03
5895.2 0.58 ± 0.04
6281.2 0.47 ± 0.03

Table 66

GRB 080721 (z = 2.5914)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4358.0 1215.7 2.5914 Lyα

4527.1 1260.4 2.5914 Si ii 6.3 ± 0.7

4680.5 1302.2 2.5914 O i 6.1 ± 0.7
1304.4 2.5914 Si ii

4796.5 1335.3 2.5914 C ii 7.1 ± 0.7
5005.7 1393.8 2.5914 Si iv 4.8 ± 0.5
5038.9 1402.8 2.5914 Si iv 3.0 ± 0.5
5482.9 1526.7 2.5914 Si ii 6.0 ± 0.4
5561.0 1548.2 2.5914 C iv 16.0 ± 0.6
5571.4 1550.8 2.5914 C iv

5776.3 1608.4 2.5914 Fe ii 8.8 ± 0.5
5787.9 1611.2 2.5914 Fe ii

6000.1 1670.8 2.5914 Al ii 5.1 ± 0.4

7271.6 2026.1 2.5914 Zn ii 3.1 ± 0.4
2026.5 2.5914 Mg i

7405.3 2062.2 2.5914 Cr ii 2.53 ± 0.9
2062.7 2.5914 Zn ii

Table 67

GRB 080804

λobs (Å) λrest (Å) z Feature EWobs (Å)

4648.5 1526.7 2.0446 Si ii 4.10 ± 0.10
4961.3 1548.2 2.0446 C iv 2.37 ± 0.10
5323.3 1550.8 2.0446 C iv 1.90 ± 0.10

Table 68

GRB 080805 (z = 1.5042)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4184.0 1670.8 1.5042 Al ii 15 ± 4

6150.6 2796.3 1.197 Mg ii 18.2 ± 3.0
2803.5 1.197 Mg ii

6479.8 2586.7 1.5042 Fe ii 5.6 ± 1.9
6511.8 2600.2 1.5042 Fe ii 7.2 ± 2.0
6999.8 2796.3 1.5042 Mg ii 8.2 ± 2.0
7019.4 2803.5 1.5042 Mg ii 12.5 ± 2.0
7146.0 2853.0 1.5042 Mg i 6.9 ± 1.6

Table 69

GRB 080810 (z = 3.3604)

λobs (Å) λrest (Å) z Feature EWobs (Å)

5047.6 1215.7 3.1585 Lyα

5291.8 1215.7 3.3604 Lyα

5551.7 1334.5 3.1585 C ii 1.4 ± 0.6
6012.8 1.8 ± 0.6
6117.6 1402.7 3.3604 Si iv 1.7 ± 0.6
6346.3 1526.7 3.1585 Si ii 2.6 ± 0.6

6438.3 1548.2 3.1585 C iv 1.7 ± 0.6
1550.8 3.1585 C iv

6655.6 1526.7 3.3604 Si ii 2.1 ± 0.6
6754.4 1548.2 3.3604 C iv 13.6 ± 0.9

1550.8 3.3604 C iv

Table 70

GRB 080905B (z = 2.3739)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4402.0 1302.2 2.3739 O i 9 ± 2
1304.4 2.3739 Si ii

5148.0 1526.7 2.3739 Si ii 2.5 ± 0.8

5227.2 1548.2 2.3739 C iv 5.6 ± 0.7
1550.8 2.3739 C iv

5429.8 1608.4 2.3739 Fe ii 2.7 ± 0.7
5436.6 1611.2 2.3739 Fe ii

5635.6 1670.8 2.3739 Al ii 3.4 ± 0.6
6099.7 1808.0 2.3739 Si ii 1.5 ± 0.6
6256.3 1854.7 2.3739 Al iii 2.7 ± 0.6
6284.6 1862.8 2.3739 Al iii 1.7 ± 0.6
6777.7 1.2 ± 0.5
6833.7 2026.1 2.3739 Zn ii 2.0 ± 0.6

2026.5 2.3739 Mg i

6876.9 2796.3 1.4588 Mg ii 3.7 ± 0.6
6896.2 2805.3 1.4588 Mg ii 2.2 ± 0.5

6959.7 2062.2 2.3739 Cr ii 2.8 ± 0.5
2062.7 2.3739 Zn ii

7307.1 2166.2 2.3739 Ni ii** 2.0 ± 0.7
7815.8 2316.7 2.3739 Ni ii** 2.8 ± 0.7
7906.9 2344.2 2.3739 Fe ii 5.1 ± 1.0
8010.8 2374.5 2.3739 Fe ii 5.3 ± 0.6
8040.1 2382.8 2.3739 Fe ii 4.3 ± 0.7
8085.9 2396.4 2.3739 Fe ii* 2.8 ± 0.5
8117.5 2405.6 2.3739 Fe ii** 2.1 ± 0.6
8136.2 2411.3 2.3739 Fe ii*** 2.4 ± 0.6
8696.2 2576.9 2.3739 Mn ii 2.8 ± 0.6
8727.1 2586.7 2.3739 Fe ii 5.1 ± 0.6
8770.7 2600.2 2.3739 Fe ii 5.6 ± 1.4
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Table 70

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

9442.5 2796.3 2.3739 Mg ii 20 ± 4
2803.5 2.3739 Mg ii

Note. The afterglow spectrum is blended with the spectrum of another object
on the slit. Hence, the EWs in this table will be affected by this contaminating
light.

Table 71

GRB 080916A (z = 0.6887)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4727.2 2796.3 0.6887 Mg ii 8.2 ± 1.4
2803.5 0.6887 Mg ii

6295.6 3727.7 0.6887 [O ii] Emission
8210.7 4862.7 0.6887 Hβ Emission
8456.8 5008.2 0.6887 [O iii] Emission

Table 72

GRB 080928 (z = 1.6919)

λobs (Å) λrest (Å) z Feature EWobs (Å)

4133.8 2382.8 0.7359 Fe ii 8.5 ± 0.7

4172.8 1548.2 1.6919 C iv 5.7 ± 0.7

Table 72

(Continued)

λobs (Å) λrest (Å) z Feature EWobs (Å)

1550.8 1.6919 C iv

4287.8 1.6 ± 0.4
4327.8 1608.4 1.6919 Fe ii 1.4 ± 0.4
4490.8 2586.7 0.7359 Fe ii 3.8 ± 0.4
4513.9 2600.2 0.7359 Fe ii 6.7 ± 0.4
4857.7 2796.3 0.7359 Mg ii 16.5 ± 0.4
4865.3 2803.5 0.7359 Mg ii

4953.2 2853.0 0.7359 Mg i 4.0 ± 0.3
5041.1 1.0 ± 0.3
5092.6 1.0 ± 0.3
5117.4 1.1 ± 0.3
5709.2 0.7 ± 0.3
5830.3 2166.2 1.6919 Ni ii** 0.8 ± 0.3
6310.4 2344.2 1.6919 Fe ii 2.0 ± 0.4
6392.7 2374.5 1.6919 Fe ii 1.7 ± 0.3
6415.6 2382.8 1.6919 Fe ii 1.2 ± 0.2
6828.8 3934.8 0.7359 Ca ii 1.5 ± 0.3
6893.4 3969.6 0.7359 Ca ii In telluric band
6938.0 2576.9 1.6919 Mn ii 0.8 ± 0.3
6964.5 2586.7 1.6919 Fe ii 1.4 ± 0.2
6999.2 2600.2 1.6919 Fe ii 2.2 ± 0.3
7526.6 2796.3 1.6919 Mg ii 3.7 ± 0.3
7547.5 2803.5 1.6919 Mg ii 2.7 ± 0.3

Table 73

Statistical Sample

GRB z z class NX [1021 cm−2] βOX Reference

080928 1.69 a . . . 1.00 Vreeswijk et al. (2008e)
080916B . . . . . . 0 < 0.90 . . .

080916A 0.69 ah . . . 0.69 Fynbo et al. (2008b)
080913 6.70 a . . . < 0.48 Greiner et al. (2009)
080905B 2.37 a . . . 0.64 Vreeswijk et al. (2008a)
080810 3.35 a . . . 0.96 de Ugarte Postigo et al. (2008)
080805 1.51 a . . . 0.40 Jakobsson et al. (2008e)
080804 2.20 a . . . 0.78 Thöne et al. (2008d)
080727A . . . . . . 0 < 0.76 . . .

080721 2.59 a . . . 0.60 Jakobsson et al. (2008d)
080710 0.85 a . . . 1.04 Perley et al. (2008)
080707 1.23 a . . . 0.83 Fynbo et al. (2008f)
080703 < 5.5 a . . . 0.42 Ward & Ziaeepour (2008)
080613B . . . . . . 0 < 0.79 . . .

080607 3.04 a . . . 0.24 Prochaska et al. (2009)
080605 1.64 a . . . 0.38 Jakobsson et al. (2008c)
080604 1.42 a . . . 0.90 Wiersema et al. (2008b)
080603B 2.69 a . . . 0.92 Fynbo et al. (2008e)
080602 . . . . . . 1.0 < 0.28 . . .

080523 < 3.0 a . . . 0.71 Fynbo et al. (2008c)
080520 1.55 ah . . . 0.77 Jakobsson et al. (2008a)
080430 0.77 a . . . 0.77 Cucchiara & Fox (2008)
080413B 1.10 a . . . 0.89 Vreeswijk et al. (2008d)
080330 1.51 a . . . 0.99 Guidorzi et al. (2009)
080325 . . . . . . 1.5 < 0.79 . . .

080320 < 6.4 a . . . < 0.15 Tanvir et al. (2008a)
080319C 1.95 a . . . 0.31 Wiersema et al. (2008a)
080319B 0.94 a . . . 0.67 Vreeswijk et al. (2008c)
080319A < 4.2 h . . . 0.49 Perley et al. (2009b)
080310 2.43 a . . . 0.88 Fox et al. (2008)
080307 < 6.1 a . . . 0.40 Xin et al. (2008)
080212 < 3.5 a . . . 0.66 Kuepcue Yoldas et al. (2008)
080210 2.64 a . . . 0.74 Jakobsson et al. (2008b)
080207 < 3.5 (XRT) . . . 6.1 < 0.43 . . .
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Table 73

(Continued)

GRB z z class NX [1021 cm−2] βOX Reference

080205 < 5.5 a . . . 0.79 Oates & Markwardt (2008)
071122 1.14 a . . . 0.83 Cucchiara et al. (2007a)
071117 1.33 h . . . 0.58 Jakobsson et al. (2007e)
071112C 0.82 ah . . . 0.72 Jakobsson et al. (2007a)
071031 2.69 a . . . 0.97 Ledoux et al. (2008)
071025 5.2 ap . . . 0.50 This work
071021 < 5.6 a . . . . . . Piranomonte et al. (2007)
071020 2.15 a . . . 0.56 Jakobsson et al. (2007c)
070808 < 3.5 (XRT) . . . 6.5 < 0.48 . . .

070802 2.45 a . . . 0.49 Elı́asdóttir et al. (2009)
070721B 3.63 a . . . 0.72 Malesani et al. (2007)
070621 < 3.5 (XRT) . . . 3.2 < 0.53 . . .

070611 2.04 a . . . 0.73 Thöne et al. (2007a)
070521 1.35 h . . . < −0.06 Perley et al. (2009b)
070520B . . . . . . 0.6 < 0.88 . . .

070518 < 2.0 a . . . 0.81 Cucchiara et al. (2007c)
070506 2.31 a . . . 0.93 Thöne et al. (2007b)
070419B < 5.9 a . . . 0.25 de Ugarte Postigo et al. (2007)
070419A 0.97 a . . . 0.94 Cenko et al. (2007)
070412 . . . . . . 0.7 < 0.17 . . .

070330 < 5.5 a . . . 0.68 Kuin et al. (2007)
070328 . . . . . . 1.8 < 0.31 . . .

070318 0.84 a . . . 0.78 Jaunsen et al. (2007a)
070306 1.50 h . . . < 0.23 Jaunsen et al. (2008)
070224 < 6.1 a . . . 0.92 Thöne et al. (2007c)
070223 < 6.1 a . . . . . . Rol et al. (2007b)
070219 < 3.5 (XRT) . . . 2.2 < 0.38 . . .

070208 1.17 ah . . . 0.68 Cucchiara et al. (2007b)
070129 < 3.4 a . . . 0.62 This work
070110 2.35 ah . . . 0.77 Jaunsen et al. (2007b)
070103 < 3.5 (XRT) . . . 2.1 < 0.48 . . .

061222A 2.09 h . . . < 0.22 Perley et al. (2009b)
061121 1.31 a . . . 0.64 Bloom et al. (2006b)
061110B 3.44 a . . . 0.55 Fynbo et al. (2006b)
061110A 0.76 ah . . . 0.99 Fynbo et al. (2007)
061102 . . . . . . 0 < 0.91 . . .

061021 0.35 a . . . 0.75 This work
061007 1.26 ah . . . 0.79 Jakobsson et al. (2006a)
061004 . . . . . . 0 < 0.47 . . .

061002 . . . . . . 0.6 < 0.93 . . .

060929 . . . . . . 0.4 < 0.67 . . .

060927 5.47 a . . . 0.55 Ruiz-Velasco et al. (2007)
060923C < 11.0 a . . . < 0.31 Fox (2006)
060923B . . . . . . 1.9 < 0.68 . . .

060923A < 2.8 h . . . < 0.11 Tanvir et al. (2008b)
060919 < 3.5 (XRT) . . . 5.5 < 1.02 . . .

060912A 0.94 h . . . 0.62 Levan et al. (2007)
060908 1.88 a . . . 0.38 This work
060904A . . . . . . 0 < 0.52 . . .

060814 0.84 h . . . < −0.06 Thöne et al. (2007d)
060807 < 3.4 a . . . 0.54 This work
060805A . . . . . . 0.1 < 1.07 . . .

060729 0.54 a . . . 0.80 Thöne et al. (2006c)
060719 < 4.6 a . . . < −0.13 This work
060714 2.71 ah . . . 0.77 Jakobsson et al. (2006c)
060712 . . . . . . 1.1 < 0.96 . . .

060708 1.92 p . . . 1.04 Oates et al. (2009)
060707 3.43 a . . . 0.73 Jakobsson et al. (2006c)
060614 0.13 h . . . 0.79 Della Valle et al. (2006)
060607A 3.08 a . . . 0.53 Fox et al. (2008)
060605 3.78 a . . . 1.00 Savaglio et al. (2006)
060604 < 2.8 a . . . 0.75 Blustin & Page (2006)
060526 3.21 a . . . 1.03 Jakobsson et al. (2006c)
060522 5.11 a . . . 0.74 Cenko et al. (2006)
060512 2.1 a . . . 0.98 This work
060502A 1.51 a . . . 0.65 Cucchiara et al. (2006a)
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Table 73

(Continued)

GRB z z class NX [1021 cm−2] βOX Reference

060428B < 5.5 a . . . 1.00 de Pasquale & Campana (2006)
060427 . . . . . . 0.7 < 0.81 . . .

060323 < 4.4 a . . . 0.76 Marshall & Vetere (2006)
060319 1.15 h . . . < 0.41 D. Perley (2009a)
060306 < 3.5 (XRT) . . . 3.2 < 0.54 . . .

060219 < 3.5 (XRT) . . . 2.6 < 0.54 . . .

060218 0.03 h . . . . . . Sollerman et al. (2006)
060210 3.91 a . . . 0.37 Cucchiara et al. (2006b)
060206 4.05 a . . . 0.95 Fynbo et al. (2006c)
060204B < 4.8 a . . . 0.47 Fynbo et al. (2006a)
060202 0.78 h . . . < 0.20 Butler (2007)
060124 2.30 a . . . 0.80 Mirabal & Halpern (2006)
060115 3.53 a . . . 0.78 Piranomonte et al. (2006a)
060111A < 5.5 a . . . 0.70 Blustin et al. (2006)
060108 < 3.2 a . . . 0.51 Oates et al. (2006)
051117B . . . . . . 0.6 < 1.06 . . .

051016B 0.94 h . . . 0.63 Soderberg et al. (2005)
051006 < 3.5 (XRT) . . . 5.1 < 1.30 . . .

051001 . . . . . . 0.9 < 0.56 . . .

050922C 2.20 a . . . 0.99 Jakobsson et al. (2006c)
050922B . . . . . . 1.1 < 0.58 . . .

050915A < 15.0 a . . . < 0.44 Bloom (2005)
050908 3.34 a . . . 1.14 Fugazza et al. (2005)
050904 6.30 a . . . < 0.41 Kawai et al. (2006)
050824 0.83 ah . . . 0.91 Sollerman et al. (2007)
050822 . . . . . . 0.6 . . . . . .

050820A 2.61 a . . . 0.77 Fox et al. (2008)
050819 . . . . . . 0 < 0.90 . . .

050814 5.3 p . . . 0.51 Jakobsson et al. (2006b)
050803 . . . . . . 1.2 < −0.15 . . .

050802 1.71 a . . . 0.51 Fynbo et al. (2005)
050801 1.38 p . . . 0.95 Oates et al. (2009)
050730 3.97 a . . . 0.79 D’Elia et al. (2005)
050726 < 5.5 a . . . < 0.89 Poole et al. (2005)
050716 < 11.0 a . . . < 0.28 Rol et al. (2007a)
050714B < 3.5 (XRT) . . . 2.2 < 0.48 . . .

050525A 0.61 ah . . . 0.92 Foley et al. (2005)
050505 4.28 a . . . 0.53 Berger et al. (2006)
050502B < 6.4 a . . . < 0.58 Cenko et al. (2005)
050416A 0.65 h . . . 0.70 Soderberg et al. (2007)
050412 . . . . . . 0 < 0.60 . . .

050406 2.7 p . . . 1.02 Schady et al. (2006)
050401 2.90 a . . . 0.36 Watson et al. (2006)
050319 3.24 a . . . 0.90 Jakobsson et al. (2006c)
050318 1.44 a . . . 0.75 Berger et al. (2005)
050315 1.95 a . . . 0.63 Berger et al. (2005)

Notes. The z classes are a: afterglow spectrum; h: host galaxy emission; p: photometric redshift from afterglow imaging. For bursts
where the OA is not detected we provide the excess X-ray absorption and the corresponding redshift limit when appropriate (see the
main text). We also provide references for redshift measurements.
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Thöne, C. C., Jakobsson, P., Fynbo, J. P. U., Malesani, D., Hjorth, J., &

Vreeswijk, P. M. 2007b, GCN Circ., 6499, 1
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Thöne, C. C., et al. 2008e, A&A, submitted (arXiv:0806.1182)
van Paradijs, J., et al. 1997, Nature, 386, 686
Vergani, S. D., et al. 2009, A&A, 503, 771
Vreeswijk, Fynbo, J. P. U., Malesani, D., Hjorth, J., & de Ugarte Postigo, A.

2008a, GCN Circ., 8191, 1
Vreeswijk, P. M., Jakobsson, P., Jaunsen, A. O., & Ledoux, C. 2008b, GCN

Circ., 7391, 1
Vreeswijk, P. M., Møller, P., & Fynbo, J. P. U. 2003, A&A, 409, L5
Vreeswijk, P. M., et al. 2004, A&A, 419, 927
Vreeswijk, P. M., et al. 2007, A&A, 468, 83
Vreeswijk, et al. 2008c, GCN Circ., 7444, 1
Vreeswijk, et al. 2008d, GCN Circ., 7601, 1
Vreeswijk, P. M., et al. 2008e, GCN Circ., 8301, 1
Ward, P., & Ziaeepour, H. 2008, GCN Circ., 7941, 1
Watson, D., et al. 2006, ApJ, 652, 1011
Weymann, R. J., Carswell, R. F., & Smith, M. G. 1981, ARA&A, 19, 41
Wiersema, K., et al. 2008a, GCN Circ., 7517, 1
Wiersema, K., et al. 2008b, GCN Circ., 7818, 1
Wijers, R. A. M. J., Bloom, J. S., Bagla, J. S., & Natarajan, P. 1998, MNRAS,

294, L13
Wolfe, A. M., Gawaiser, E., & Prochaska, J. X. 2005, ARA&A, 43, 861
Woosley, S., & Bloom, J. S. 2006, ARA&A, 44, 507
Woosley, S. E., & Heger, A. 2006, ApJ, 637, 914
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Figure 14. Shown are one- and two-dimensional spectra for GRBs 0070721B–080928, which were missed in the original paper. Lines from the GRB absorption
systems are marked with vertical lines whereas unidentified lines or lines from intervening systems are marked with vertical dashed lines. Telluric features are marked
with a telluric symbol. The error spectrum is plotted as a dotted line. When in the spectral range we also plot the position of the Lyman limit as a vertical dashed line.
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