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Abstract

Our study is based on 69 low-resolution gamma-ray burst (GRB) afterglow spectra, mostly
acquired with the VLT. We describe the distribution of rest-frame equivalent widths (EWs),
providing the means to compare individual spectra to the sample and identify its peculiari-
ties. We introduce a line strength parameter (LSP ) that allows us to quantify the strength
of the absorption features in a GRB spectrum as compared to the sample by a single num-
ber. We find correlations between the LSP and the extinction of the GRB and the host
galaxies absolute magnitudes. However, we see no significant evolution of the LSP with the
redshift. Another interesting finding is the fact that spectral features in GRB spectra are,
on average, 2.5 times stronger than those seen in QSO intervening damped Lyman-α (DLA)
systems. We also note the larger excess in the EW of C IVλλ1549 relative to QSO DLAs,
which could be related to an excess of Wolf-Rayet stars in the environments of GRBs.
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1 Introduction

The extreme brightness of γ-ray burst (GRB) afterglows and their simple spectral shape
make them ideal beacons to study the interstellar medium of their host galaxies through
absorption line spectroscopy at almost any redshift. In fact, GRB afterglows shine, during
the first hours, as the most luminous objects that can be detected in the Universe [7, 8]. For
this work is essential to note that optical spectra of GRB afterglows are instrinsically clean
(usually single power-laws), making them ideal beacons to probe the material in the line of
sight of GRBs.

Figure 1: The figure shows for four spectral features the histogram of rest-frame < EWs >
for our GRBs and for QSOs. The thick lines of the histograms indicate only detections, for
GRBs (black) and QSOs (green). Dotted lines also consider upper limits. The red curve
represents the best fit of the complete histogram with a lognormal distribution. The blue
curve is the result of a physical fit (more details on the physical fit can be found in [11]). As
seen, in all cases GRBs show larger EWs than QSOs.
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2 The spectroscopic data set base of our study

The base of our GRB afterglow spectral sample comes from the compilation done by [4]. We
have added to the sample 8 new spectra acquired by VLT(+FORS2). The final sample is
composed by 69 low resolution spectra. The sample covers five years of observations from
2005 to 2009. The total amount of observing time is over 100 hours, all of it acquired with
target of opportunity (ToO) status. The redshifts of the GRBs range from 0.12 [2, 3] to 6.70
[5, 10].

The lines selected from our spectra sample correspond to those lines present in the
composite spectrum of [1] with equivalent widths larger EW> 0.5 Å. This selection criterion
yielded 22 spectral features. Our sample provides, on average, 36 spectra per spectral feature,
so we can use for the first time a statistical approach with an unprecedented sample size.
The detection rate of spectral features at the mentioned 22 wavelengths ranged from 30% to
87%, with an average success rate of 52%.

3 Results

3.1 Comparison to the line of sight of quasars (QSOs)

We have compared the strength of the absorption features detected in the line of sight of
QSOs to the ones detected in the lines of sight of GRBs. This comparison is based on the
the original QSO-DLA sample from [9] that uses the Sloan Digital Sky Survey Data Release
7 (SDSS-DR7) 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 (NHI/cm−2) > 20 and redshifts in the
range 2.2 < z < 3.2, located at least 5000 km s−1 from a background QSO with R < 21.
To simplify the analysis we have limited the comparison to the following spectral features:
C IIλ1335, Si IV λ1403, Si IIλ1527, C IV λ1549, Al IIλ1671 and Al IIIλ1855.

Figure 1 shows the rest-frame EW distributions of QSOs and GRBs for four spectral
features (C IIλ1335, Si IV λ1403, Si IIλ1527, C IV λ1549). As seen the line of sight of
GRBs show systematically larger EWs than in QSOs. On average the features detected in
the intervening systems of GRBs are 2.5±0.6 times stronger than in QSO. Is interesting to
note that in the case of C IV λ1549 the EWs of lines in GRBs are 3.4 times larger. One might
speculate if this excess could be explainable by a massive production of Wolf-Rayet stars in
the environments of GRBs. Future statistical studies might clarify if this excess still holds
when larger GRB samples are used.

3.2 The Line Strength Parameter (LSP ): correlations with physical prop-
erties

In order to study the line strengths of the different bursts, independently of the wavelength
range covered, we define the line strength parameter (LSP hereafter) as:
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LSP =
1

N

N∑
i=1

log EWi − 〈log EW 〉i
σlog EW, i

, (1)

where EWi is the rest-frame equivalent width for each of the individual detected lines in the
spectrum, 〈log EW 〉i the central equivalent, σlog EW,i is the standard deviation and N the
total number of lines used to calculate the LSP .

The LSP measures the strength of the absorption features of a spectrum as compared
to the average GRB spectrum. A value of zero would mean that the absorption features in
the spectrum have the same strength as the average spectrum. Positive values indicate bursts
with stronger than average lines, and equal to 1.0 if the deviation is equivalent to 1-σ. In
the same way a negative value implies weak lines. We also calculate the standard deviation
(of the summation values in Eq. 1) for each of the GRBs that indicates how different is the
distribution of line strengths with respect to the average of GRBs. In the case of a spectrum
where we only have detection limits, we use the strongest limit given by a single line to
calculate a limit value for the LSP . Once the LSP was determined for our sample, we tried
to find correlations with different physical properties of the host galaxies.

First, we tried to find whether the LSP was correlated with the intrinsic brightness of
the host given by its absolute magnitude. We found that the LSP shows a clear correlation
with the galaxy absolute magnitude. Thus we positively gathered that the brightest hosts
have the strongest spectral features. This finding was confirmed correlating the LSP with
the host galaxy extinction. This correlation will likely mean that the line of sight absorption
is related with the host size and not with the GRB environment itself.

Second, a correlation of the LSP with the host galaxy redshift was searched for. We
did not find any correlation of the LSP with the redshift, so no obvious evolution of LSP
was found.

4 Conclusions

We have used 69 low-resolution optical spectra of GRB afterglows, covering a redshift range
of 0.12 < z < 6.7, to perform a statistical study of the rest-frame equivalent widths of 22
strong absorption features produced by 12 different atomic species.

As compared with a sample of quasar intervening DLA spectra, we find the GRB
absorbers to be, on average, 2.5 times stronger and slightly more ionised. The difference of
line strength is more significant in the case of the CIV that is 3.4 times stronger in GRBs.
This CIV excess could be related to the existence of an excess of Wolf-Rayet stars in the
environment of GRBs, consistent with the massive star origin of these explosions [6].

We find correlations between the LSP and the extinction of the GRB, and also with
the brightness of the host. However, the LSP is independent of the redshift. However this
lack of correlation might well be just the combined effect of the EW errors and the limited
size of the GRB sample. Further extensive and fast ToO spectroscopic campaigns done with
large aperture telescopes would be necessary to reinforce our results.
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