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| We analyse the properties of Mgll absorption systems detected along the sightlines toward GRBs using a sample of 10 GRB afterglow spectra
obtained with VLT-UVES over the past six years. The signal-to-noise ratio is sufficiently high that we can extend previous studies to smaller
equivalent widths. We find that the number of weak absorbers is similar along GRB and QSO lines of sight, while ifz nurmber of strong systems is 2
factor of 2 larger along GRE lines of signt, about twice smaller nowsver than oreviously reportzcd. Adding intermediate and low resolution
observations reported in the literature to our sample, we increase the absorption length for strong systems to Az = 31.5 (about twice the path length
of previous studies) and confirm the strong Mgll systems excess at 3o significance. We find also that the number density of strong Mgll is larger
low redshift and that the number densityof (sub)-DLAs per unit redshift in the UVES sample is probably twice larger than what is expected from
QSO sightlines which confirms the peculiarity of GRB lines of sight. Our resulis support the idea that the current samole of GRE lines of signt could

oe blased oy a suotle gravitational lensing effect,
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(Prochter et al., 2006) Fig. 2. Comparison between the cumulative distribution of

Fig. 1. Comparison between the cumulative distribution of Mgll systems detected along the UVES GRB lines of sig_jht (red)
and the one expected along QSO lines of sight following Nestor et al. (2005) (black solid) or Prochter et al. (2006a) (black Table 1. Number of Mgll systems and
dashed), for strong (left panel) and weak (rigth panel) systems. redshift paths.
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o 1 M |W oy | (A Prochter et al. (2006b, ApJL 648, 93) found that inz incicdznce of strong \]JJJJ intervening systams wlong GRE signtlines Is ~ 4 times nigner
: h . | (number density dN/dz = 0.90 * 0.24) than what is se22n in the SDSS along QS0 lines of signt . Several processes have been pointed out to
. ﬂw“J e e M explain these excess (Porciani et al. 2007, ApJ 659, 218) : obscuration of QSOs by dust in the absorber, different size of the source beam,
2 WM‘IW' wm \1 m'r" r ; \"l‘ m ,[‘ i gravitational lensing and magnification bias. All these possibilities are still debated and none is in itself to explain the discrepancy. The
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strong Mgll systems in the overall sample of GRB lines of
sight (same legend as Fig.2).
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properties of the systems do not favor the idea that part of the systems are actually caused by ejected material local to the GRBs (see also

| | 2
po— 1"‘ :ﬂ o — ’”D' l" o w s Cucchiara et al. 2009, ApJ, in press, arXiv:0811.1382).
I GRE 050820 z=14288 GRE 060418 z=0.6026 GRB 060418 z=0.6559
R it N by | s W’Mﬁ e Our analysis
| I| h’ '\J [ 1] 1T llf” : We searched for Mgll absorbers present in new a sample of ‘|0 GRE afizrglow specira obtained with VLT-UVES The signal-to-noise ratio is
o |- \ I L,,J | |, sufficiently high that we can =tz oravious studizes to smaller equivalznt widihs (typically Wr > 0.3 A). We use the SDSS QSO survey redshift
| Z“}‘WHW"J- PH,;' fw EM e EWW T limits zstart = 0.366 and zend = 2.27 and we exclude the redshift range within 3000km/s from the GRB redshift. We consider all Mgll components
| \ IH | | ] wor W 1 within 500km/s as a single system.
a °f fﬂ . N e . The 9 strong systems detected are displayed in Fig. 3. In Fig. 1 the cumulative number distribution of Mgll systems detected along UVES GRB
€0 200 0 20 40 40 200 0 200 400 ©0 200 0 20 40 lines of sight is shown and compared to those expected along QSO lines of sight following Prochter et al. (2006a, Apj, 639, 766) and Nestor et al.
o — ORB 06418 2=1.1070 GRB 0606074 z=1.8033 %f:ﬁ,?:;}”“% (2005, ApJ, 628, 637). Results are summarized in Table 1.
A *M[M :Whmfﬁ |f ot | or ‘ ‘] H - We confirm ithe sxcess of sirong Mgll systems along GRE lines of sigith BUT only of a factor of about 2. The nurnber of weax systems is
ol Uy I d |[ ol | . consisient witn Q350 lines of sighi.
150 b Mhm " HZ M M” < "ﬂﬁr*i; ”m.*m,.” mh‘fm Addling ir\termediate and low resolution observations reported in_ the literature to_ our sample,_ e ]norease tne aosorption lengin for strong
100 - “, fIJlt | 1l ” ,m | T | 1 - systems to Nz = 3°],5 (about twice the path length of previous studies). The cumulative number distribution of the strong Mgll systems is shown
N M' vl o L “p I|'J‘||| - in Fig. 2. The factor of 2 excess of strong Mgll systems along GRE lines of signt is confirmed 2t 3 sigrmsz.
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Fig. 3. The strong Mgll absorption systems detected in el
the UVES spectra displayed in the velocity space. i ' - L 1 : =
Bl N = B =
UVES sample We> 1A, overall sample The squivalent width and redsnift disiributions L
18 18 We show in Fig. 4 the comparison between the normalized Wr distribution of all Mgll
o= i} Lor | 7 systems with Wr > 0.3 A detected in the UVES sample and the one reported by Nestor et al.
ii N N il o : " i (2005) for the Mgll systems along the QSO lines of sight in the SDSS survey. The KS tests
- | 2 ’ give a 27% chance that the GRB and QSO distributions are drawn from the same population
S osl| | s 1 = = i : for the UVES sample. This result argues zgzinst the idea that the excess of Mgl systems
© o6 L L °  08F | i could be related to the internal structure of the intervening clouds.
06 } i
2; || tl\“[ 04 |- — - While the total number of systems and the number of weak systems have a comparable
ol | T ———— j 02 |- // _ redshift evolution in GRB and QSO lines of sight, inhz =2.ccess of sirong sysiems is sezen in
0.5 1 15 2 2.5 0 O Y Y Y R GRBs gsoszcially at low redshift (see Fig. 5). This apparent excess of strong systems in the
W (A) " 02 04 06 08 1 12 14 16 18 2 22 24 low-redshift bins could be an argument in favor of some lensing amplification bias affecting

2 the GRB lines of sight as the effect of lensing should be larger in case the deflecting mass is
Fig. 5. Number density evolution of strong Mgll systems at smaller redshift. GRB lines of sight could be preferentially chosen for follow-up when the

detected along GRB lines of sight. The solid line GRB afterglow is brighter due to lensing by the presence of an excess of galaxies along the
represents thecorresponding function for QSO lines of line of sight

sight.
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Fig. 4. Normalized Wr distribution of the Mgll systems
with Wr > 0.3 A detected in the UVES sample. The solid
curve represents the same function for QSO absorbers
(Nestor et al. 2005).

Table 2. Iron to Zinc or Siloicon ratio and extinction estimate
for 4 strong Mgll systems.

Trne dust olas nyooinesis
It has been proposed that a dust bias could affect the statistics of strong Mgll systems. Indeed, if part of the population of strong Mgll
systems contains a substantial amount of dust, then the corresponding lines of sight could be missed in QSO surveys because of the
attenuation of the quasar whereas GRBs being intrinsically brighter, the same lines of sight are not missed when observing GRBs. We
estimate the dust content of strong Mgll systems UVES los from the depletion of iron compared to other non-depleted species as is usually
done in DLAs. Results are reported in Table 2. Although depletion of iron can be significant, the corresponding attenuation is modest
because the column densities of metallic species are relatively small owing to low metallicities. We note that for GRB021004 and
GRB060607A we could estimate the attenuation for ALL strong Mgll systems identified along their line of sight. Therefore our I’:‘JJJ' do not
suopoort tne icdez tnat 21 nias dus to tne oresence of dust in strong Mg 11 sysiterms could oe an explanation for tne overavurncdance of ine strong

Wlg Il ansoroers.

estimeting tne rll colurmn density of the strong Mdll systams
A key parameter to characterize an absorber is the corresponding Hl column density. Unfortunately, the HI Lyman-a absorption line of most of
the systems is located below the atmospheric cut-off and is unobservable from the ground. We will assume that the strong systems seen in
front of GRBs and QSOs are cosmological and drawn from the same population. We believe that the results discussed previously legitimate
this assumption. We use the velocity-metallicity correlation found by Ledoux et al. (2006, A&A, 457, 71) to estimate the expected metallicity of
the strong systems in the UVES sample. We infer the hydrogen column densities dividing the zinc, silicon or iron column densities measured
in the UVES spectrum by the metallicity. Another method to infer the presence of DLAs among Mgll absorbers is to use the ‘D-index’ (Ellison
et al. 2009). The results are shown in Table 3 (columns 3 and 4).

We can compare the number of DLAs per unit redshift, np, o found for the QSO lines of sight by Rao et al. (2006, ApJ, 636, 610) to that of our

GRB sample. Rao et al. (2006) found np o=0.1 (with errors of the order of 0.02). If we assume that three to five systems in our sample are
DLAs(see Table 6) we find np o=0.22-0.36 . This means that ifz number of DLAs is at least twice larger along GRE lines of sight as cornpared
to 050 lines of signht. This further supports the idea that the current sample of GRB lines of sight could be biased by a subtle gravitational
lensing effect.

N(Fell)

(em2)

N({Znll)

{cm2)

N(5ilI)

(cm?)

[Fe/Zn] Nt

(cm™2)

GRB021004 13800  15.09 £ 0.05 15.19+ 0.09 —-0.05+0.10 14.18+0.23

GRB021004 Le026 1460003 1278 +0.02 -1.03+0.04 15.59 £ 0.02

GRBO60418

1.1070

1469+ 001 12,87 +0.03 -1.05+0.03 15.68 £ 0.03

GRBOs0607A  1.8033 14.07 £ 0.03 14.36 £ 0.10 024 £0.10 13.94+0.17

GRB Zabs  IX/H]F  Niglcm™2)° D-index*©

021004 1.380 -0.63 20.3 5.32+0.22
021004 1.603  —0.63 20.8 0.99 +0.47
030820A 0.692 9.0 + 0.034
030820A  1.429 > 19.2
060418 0.603 > 22.0
060418 0.656 > 19.2
1.107 21.1
1.803 19.0
0.715 = 18.7

—0.34
—1.13
—0.77

8.13 £ 0.22
10.39 + 0.09¢
7.51 £ 0.05

060418
060607 A

—(.85
—0.21

8.17 = 0.06
Ooserved sun-DLA a10s0rvers 012 4 0.06
We searched the Lyman-a forest probed by the UVES spectra for the presence of damped Lyman-a absorption lines. We found four sub-DLAs ' '
over a redshift range of Az = 4.3. This is again twice larger than what is expected in QSOs. However the statistics is poor. It is intriguing that
these systems are all located in the half redshift range of the Lyman- forest closest to the GRB. It is therefore not excluded that part of this

gas is somehow associated with the GRBs. In that case, ejection velocities of the order of 10 to 25 000 km/s are required.

-

0803198 —0.17 8.06 £ 0.01

Table 3. Inferred metallicity, Ny, and D-index of strong
Mgll systems in the UVES sample.
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