
to !9400 8 and were rebinned to 0.1 8 to increase the signal-
to-noise ratio. The resulting resolution element, set to
2 pixels, ranges then from 14 km s"1 at 4200 8 to 6.6 km s"1

at 9000 8. The noise spectrum, used to determine the errors on
the best-fit line parameters, has been calculated from the real
background-subtracted and rebinned spectrum using line-free
regions. This therefore takes into account both statistical errors
and systematic errors in the pipeline processing and background
subtraction. Table 2 gives the signal-to-noise ratio per 0.1 8
pixel at different wavelengths for the four spectra in Table 1.
Figure 1 plots the full UVES spectrum of GRB 021004, for which
both UVES dichroics, and both red and blue arms, were used,
allowing us to obtain a particularly wide spectral coverage, ex-
tending from!4250 to!94008. A further dichroic 1, blue arm
image covering the band 3400–3900 8 was obtained, but the
signal-to-noise ratio is too low to allow a reliable extraction of
the spectrum in this band. Figure 2 plots the full UVES spectrum
of GRB 020813. This spectrum, as well as the spectrum in Fig-
ure 1, was smoothedwith aGaussian functionwith! ¼ 1:5 pixels.
Tables 3 and 4 give the equivalent width of all lines detected in
the UVES spectra for the two GRB afterglows, along with their
identification. The equivalent widths are computed at the red-
shift of the absorption systems. For the GRB host galaxy–
identified systems and the two main intervening systems at
z ¼ 1:60 and 1.38 we also report faint lines with signal-to-noise

ratio >1. Unidentified lines are reported only if the signal-to-
noise ratio is >3. Their equivalent widths are computed at zero
redshift.

3. COLUMN DENSITIES

In this paper we focus on the systems that are likely to be
associated with the GRB host galaxies. The line fitting was
performed using the MIDAS package FITLYMAN (Fontana &
Ballester 1995). This uses a Voigt profile and independently
yields the column density N and the Doppler parameter b for
each absorption component. For each absorption system sev-
eral lines, spread over the entire spectral range covered by the
UVES observations, were fitted simultaneously, using the same
number of components for each line and the same redshift and
b-value for each component.

3.1. GRB 021004

For this GRB we consider the absorption systems at the
following redshifts and velocities (in km s"1) with respect to
the Ly" emission of the host galaxy (Mirabal et al. 2003): z ¼
2:328, v ¼ 0 (system A in Fig. 3); z ¼ 2:328, v ¼ "139 km s"1

(system B); z ¼ 2:328, v ¼ "224 km s"1 (system C); z ¼
2:321; z ¼ 2:298; and z ¼ 2:296. For these systems we detected
C iv, C ii, Si iv, Al ii, Al iii, Mg ii, and Fe ii lines (see Table 3).
In the table we also report the tentative identification of an

Fig. 2.—Same as Fig. 1, but for GRB 020813.
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