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Table 1.Strong Mgii absorber searches in the literature.

Reference Nobj NMg ii � z hzi Excess/SDSS Excess/high-res
Low-redshift absorbers (zMg ii < 2:3)

Prochter et al. (2006b) 14 14 15.5 1.1 � 3.8
Sudilovsky et al. (2007) 5 6 6.75 1.3 � 4
Tejos et al. (2009) 8 9 10.86 1.34 3:0+1:5

� 1:1
Bergeron et al. (2011; blazars) 45 13 29.93 0.82 2:2+0:8

� 0:6
Vergani et al. (2009; high res.) 10 9 13.94 1.11 � 2
Vergani et al. (2009; high+low res.) 26 22 31.55 1.3 2:1 � 0:6
Cucchiara et al. (2013; high res.) 18 13 20.3 1.1 2:6 � 0:8
Cucchiara et al. (2013; high+low res.) 95 20 55.5 1.15 1:5 � 0:4
This work (GRBs from XSGRB) 81 18 44.71 1.22 1:48 � 0:35 1:11 � 0:28
This work (quasars) 100 52 110.5 1.74 1:37 � 0:19 1:02 � 0:18

High redshift absorbers (zMg ii > 2:3)
This work (GRBs from XSGRB) 81 5 13.14 3.28 0:71 � 0:34
This work (quasars) 100 45 143.9 3.04 0:56 � 0:93

Notes.Nobj lists the GRB or quasar sample sizes, andNMg ii is the number of detected absorbers within the total redshift path length,� z, with an
average redshift,hzi . The penultimate column lists the reported excess of absorbers relative to the expectation from SDSS quasar absorber statistics.
One exception is that Bergeron et al. (2011) analysed blazars rather than GRBs. Vergani et al. (2009) and Cucchiara et al. (2013) reported statistics
from high-spectral-resolution data, as well as combined high- and low-spectral-resolution data. It should be noted that there are substantial overlaps
of the target selections amongst the references, and the reported overdensities are therefore correlated. To compare our searches with the literature,
we report statistics from absorbers at di� erent redshift ranges:z < 2:3 andz > 2:3 (Sect. 3.2). The last column reports overdensities relative to
high-spectral-resolution quasar studies by Mathes et al. (2017) for the low-redshift sample, and Chen et al. (2016) for the high-redshift sample.

Absorption lines at various redshifts in the spectra of the back-
ground sources provide us with methods to explore the high-
redshift universe in absorption even though the galaxies that
cause the absorption lines are not detected in emission. Since
both GRBs and quasars probe intervening material randomly,
it was a puzzling discovery a decade ago that GRBs appar-
ently had four times as many strong intervening Mgii absorbers
with rest-frame equivalent widthsW� 2796

r > 1 ¯ as did quasars
(Prochter et al. 2006b). The same conclusion about Mgii ab-
sorber statistics was reached by Sudilovsky et al. (2007), with
the addition that the incidence rate of Civ absorbers and weak
Mg ii absorbers withWr < 1 ¯ did agree between the two
background source types (Tejos et al. 2007, 2009; Vergani et al.
2009). Also, blazars were found to have twice as many strong
Mg ii absorbers as did quasars (Bergeron et al. 2011). Explor-
ing high-spectral-resolution VLT/UVES data of GRB afterglows
with high signal-to-noise ratios (S/N), Vergani et al. (2009) and
Tejos et al. (2009) found an excess towards GRBs a factor of 2�3
higher than towards Sloan Digital Sky Survey (SDSS) quasars,
and with only a 2� con�dence level of the over-abundance.
Table 1 presents a summary of previous searches and reported
excesses of strong Mgii systems. As the discrepancy between
the absorber statistics has only been reported for strong Mgii ab-
sorbers withW� 2796

r > 1 ¯, in this work we focus exclusively on
these strong systems, unless speci�cally stated otherwise.

The excess number of absorbers has been suggested to be
caused by either dust biases, partial covering and di� erences in
source sizes, gravitational magni�cation, or the in�uences from
the immediate environments of the GRBs, or intrinsic to the
sources (Prochter et al. 2006b; Porciani et al. 2007; Frank et al.
2007; MØnard et al. 2008; Cucchiara et al. 2009; Vergani et al.
2009; Budzynski & Hewett 2011; Rapoport et al. 2013). Any ef-
fect of a partial coverage and source sizes was excluded based
on statistics of absorbers towards the quasar broad line re-
gions (Pontzen et al. 2007; Lawther et al. 2012). Some studies

were hampered by relatively small GRB afterglow sample sizes
and non-uniform data sets. Cucchiara et al. (2013) compiled a
large data set collected from various telescopes and with a
range of spectral resolutions, and demonstrated that the low- to
intermediate-resolution data showed consistent values of strong
Mg ii absorbers between GRBs and quasars. However, when
including the original high-resolution data from Prochter et al.
(2006b) the discrepancy remained.

Incidences (dN=dz, or sometimes referred to asl(z)) of
Mg ii systems in GRB spectra are commonly compared to strong
Mg ii absorbers in SDSS quasar spectra, where absorber iden-
ti�cations are performed by automated routines (Nestor et al.
2005; Prochter et al. 2006a; Zhu & MØnard 2013). In SDSS data
release DR12, the number of SDSS quasar spectra (� 300 000
in Pâris et al. 2017) vastly outnumber GRB afterglow spectra
(� 3001) (Fynbo et al. 2009; de Ugarte Postigo et al. 2012), and
so do the number of intervening Mgii absorbers (� 37 000 in
Raghunathan et al. 2016).

In this paper we revisit the Mgii puzzle by exploring
newly collected homogeneous data sets obtained with a sin-
gle instrument, X-shooter/VLT (Vernet et al. 2011). Data of 100
quasars were taken from the Legacy Large Programme, XQ-100
(Lopez et al. 2016), and 116 GRB spectra from the X-Shooter
GRB legacy sample (XSGRB; Selsing et al., in prep., PI: Fynbo).
These legacy data sets allow us to explore two unbiased and
equally large sample sizes all obtained with a uniform spectral
resolution and instrument setup. With these data, we expand the
comparison of the Mgii absorber incidence to a larger redshift
interval 0:14 < z < 5. Section 2 describes the two data sets (GRB
afterglows and quasars) and the search for strong absorbers. In
Sect. 3 we derive incidence rates and equivalent width distribu-
tions, and compare with other studies in the literature. We then
summarise in Sect. 4.
1 grbspec.iaa.es presents afterglow spectra for 225 GRBs com-
piled until June, 2017 (de Ugarte Postigo et al. 2014).
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2. Data sets and Mg ii absorber detection

2.1. X-shooter spectral samples

The GRB afterglow spectra were collected in multiple semesters
between 2009 and 2016 taking advantage of the X-shooter guar-
anteed program and subsequent open time proposals. With a uni-
form set of selection criteria for target-of-opportunity follow-up
adopting the criteria for the low-resolution study of Fynbo et al.
(2009), that is, mainly avoiding regions with high Galactic ex-
tinction and bursts near to the Sun, the total number of ob-
tained afterglow spectra is 116 until October, 2016. All spec-
tra were obtained with VLT/X-shooter, which provides interme-
diate spectral resolutions ofR = FWHM=� � 6500� 12 000
measured from UV to near-IR wavelengths. The S/N of the
spectra vary as some afterglow spectra were obtained several
hours to a few days after the GRB trigger, when only host
spectral signatures and no characteristic power-law afterglow
signature was visible. Removing these from the sample leaves
81 afterglow spectra, again with varying S/N between 1 and
50 per pixel for di� erent bursts and wavelength coverage (see
Selsing et al., in prep., for details). The data were reduced with
the ESO VLT/X-shooter pipeline (Modigliani et al. 2010) man-
aged by Re�ex (Freudling et al. 2013), and with our own post-
processing steps to improve the �ux calibration and rejection of
bad pixels (Selsing et al., in prep.) with reduction scripts made
available online2. The redshifts of the GRBs lie in the range
0:256< z < 6:32.

Turning to the quasar sample, the XQ-100 survey is a
VLT /X-shooter ESO Large Programme that targeted 100 quasars
at 3:5 < z < 4:9 with a S/N higher than 20 per pixel over the en-
tire wavelength range (see Lopez et al. 2016, for details). The
quasars were selected without prior knowledge of the presence
of strong absorbers along our line of sight. The quasars and a
large majority of GRB afterglows were observed with X-shooter
slit widths of 1.0, 0.9, and 0.9 arcsec for the UVB, VIS, and
NIR-arms, respectively, resulting in similar spectral resolutions
between the two samples.

The redshift distributions of the GRB and quasar samples are
shown in Fig. 1. By construction the quasars have a quite distinct
distribution as high-redshift objects were selected, whereas there
are no intrinsic constraints for the GRB redshift selection. To
match the redshift distribution of GRBs we could include other
quasars observed with X-shooter, using archive data. However,
these quasars might have been selected on the basis of the pres-
ence or lack of any kind of intervening and intrinsic absorption
line systems, so we do not expand the quasar sample beyond the
XQ-100 data.

2.2. Additional data sets

Since the earlier discrepancy on the incidence of Mgii absorbers
relied on the statistics of GRB absorbers obtained to that date, we
also examined another large spectroscopic sample consisting of
60 low-resolution GRB afterglow spectra with known redshifts
observed from 2005 to 2008. Intervening absorbers and their ob-
served equivalent widths were compiled by Fynbo et al. (2009).
These low-resolution spectra are also included in the Mgii statis-
tics analysis by Cucchiara et al. (2013). In this work, the low-
resolution data set is used as a comparison sample to the XSGRB
data.

2 https://github.com/jselsing/XSGRB_reduction_scripts

Fig. 1. Redshift distributions for the two background source samples
(XQ-100 and XSGRB). The 81 GRB afterglows and 100 quasars have
median redshifts ofz = 1:69 andz = 3:97, respectively.

2.3. Redshift path length

The starting point of computing the strong Mgii absorber
incidences is to determine the redshift path length (e.g.
Lanzetta et al. 1987). Rather than relying on the sample sizes
alone, the most relevant parameter for a survey is the total red-
shift path length where an absorber can be found.

X-shooter observes wavelengths down to 3000 ¯, but be-
cause of a much reduced transmission below 3200 ¯, we chose
this latter wavelength to represent the lowest redshift for the de-
tection of Mgii absorbers (z = 0:14).

For each object we created a top-hat function which was set
to one between the redshifted Lyman-� line of the GRB/quasar
and the wavelength of Mgii at the GRB/quasar redshift. The
lower redshift limit excluded absorbers found in the Ly� for-
est because they are likely contaminated by intervening Ly�
forest lines. We also excluded the region around 3000 km s� 1

from the GRB/quasar redshifts, because absorbers detected in
this region may be associated with the luminous background
sources. These proximate absorbers have higher metallicities
(Ellison et al. 2011) and di� erent incidences (Ellison et al. 2002)
showing that they do not probe a random intervening population.
Rejecting the nearby regions decreased the redshift path lengths
by � z = 0:02�0.07 for each individual line of sight. Furthermore,
we considered it impossible to �nd strong intervening absorbers
in regions heavily a� ected by strong telluric lines when the trans-
mission was less than� 30%, such as present between theJ- and
H, andH- andK bands. In these inaccessible regions the func-
tion was set to zero. Other wavelength regions are also a� ected
by telluric absorption lines, but these absorption lines have been
corrected for (Lopez et al. 2016; Selsing et al., in prep.), and do
not pose a problem for detecting strong Mgii absorbers because
their lines are much broader than the widths of telluric molecular
absorption lines.

We also imposed a criterion for the spectral S/N. For the
GRB spectra, we set the function to zero in any region where the
S/N was less than three per spectral pixel (see Cucchiara et al.
2013, for a similar approach). A threshold ofS=N = 3 corre-
sponds to a 3� detection limitW� 2796

r;lim � p npix � 2796 ¯=R �
1 ¯, where R is the spectral resolution andnpix is the number
of pixels spanned by the absorption line. Resolutions were de-
termined to beR � 12 000 andR � 6500 from measuring the
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Fig. 2. Redshift path density for the two samples, with quasars shown
in blue and GRB afterglows in black. The gap atz � 4 is caused by
the atmospheric absorption bands between theJ- andH bands, where
no Mgii absorbers can be recognised. XQ-100 includes 100 sightlines,
henceg(z) saturates at this level.

FWHM of unresolved lines in the VIS and NIR arms, respec-
tively (Selsing et al., in prep.).

We then added up these functions for all the GRB and quasar
spectra, converted the observed wavelengths to the Mgii redshift
values, and summed over all objects as a function of the absorber
redshift. The resulting redshift path densities,g(z), are presented
in Fig. 2, and the integrated redshift path lengths� z =

R
g(z)dz

are listed in Table 1.

2.4. Finding Mg II absorbers

As the discrepancy between Mgii absorber incidences refers to
strong systems, we searched for absorbers withW� 2796

r > 1 ¯.
Other species of atomic absorption lines, including lower equiv-
alent width Mgii systems, will be presented elsewhere (for the
XQ-100 sample in Lopez et al., in prep. and the GRB sample in
de Ugarte Postigo et al., in prep.).

Strong Mgii lines with rest frame equivalent widths
W� 2796

r > 1 ¯ were independently visually identi�ed by several
of the authors. At the resolution of X-shooter, there is no prob-
lem in identifying strong Mgii �� 2796, 2803 doublets visually
as the lines are well separated. Additional con�rmation of the
doublet comes from identifying the transitions of Mgi � 2852
and Feii � 2600 at the Mgii redshift, but this criterion did not
exclude any candidate Mgii systems.

With the chosen criterion that the S/N level is>3 per pixel,
visual identi�cation of strong Mgii absorbers takes advantage
of the doublet nature with lines for the strong absorbers al-
ways being broad and saturated. The higher S/N of the spectra
in the XQ-100 sample meant that visual identi�cation of strong
Mg ii absorbers was unambiguous, and the choice of S/N cut did
not a� ect the �nal results. We veri�ed that none of the identi�ed
strong absorbers fall in wavelength regions a� ected by any of
the selection criteria. While the S/N per spectral pixel is modest
for some spectra in the GRB sample, the absorption signature
from the Mgii doublet plus additional absorption species cov-
ered many pixels (30�50), and therefore the integrated S/N of the
absorption system is much larger than the simple pixel-by-pixel
level of the signal. In total we identi�ed 23 strong Mgii systems
towards the 81 GRBs and 97 strong Mgii systems towards the

Table 2. Intervening strong Mgii absorbers in the GRB sample, with
redshifts listed for the GRBs (zGRB) and the absorbers (zabs).

GRB name zGRB zabs W2796
r [¯] D

GRB 090313A 3.373 1.801 1.86� 0.16 11.0� 0.9
GRB 100219A 4.667 1.856 1.02� 0.08 5.9� 0.5

2.181 0.92� 0.19 10.5� 2.2
GRB 100316B 1.180 1.063 1.28� 0.08 6.2� 0.4
GRB 100901A 1.408 1.315 1.35� 0.28 2.1� 0.4a

GRB 111008A 4.990 4.610 4.25� 0.09 6.9� 0.1
GRB 111107A 2.893 1.998 2.60� 0.47 8.9� 1.6
GRB 120119A 1.728 1.214 1.65� 0.08 4.2� 0.2
GRB 120712A 4.175 2.102 2.99� 0.45 9.0� 1.4
GRB 120815A 2.359 1.539 6.26� 0.07 9.3� 0.1
GRB 121024A 2.300 1.959 1.24� 0.06 5.5� 0.3
GRB 121027A 1.773 1.459 1.91� 0.21 9.5� 1.0
GRB 121229A 2.707 1.659 1.33� 0.60 5.1� 2.3
GRB 130408A 3.758 3.016 2.96� 0.83 8.0� 2.3
GRB 130606A 5.913 3.451 1.65� 0.06 4.8� 0.2
GRB 131030A 1.294 1.164 1.95� 0.03 4.9� 0.1
GRB 140614A 4.233 2.113 1.39� 0.41 4.8� 1.4
GRB 141028A 2.332 1.820 3.23� 0.73 9.9� 2.2
GRB 141109A 2.993 2.504 2.00� 0.09 9.3� 0.4

2.874 4.21� 0.25 10.1� 0.6
GRB 150403A 2.057 1.761 2.76� 0.05 9.9� 0.2
GRB 151021A 2.330 1.491 1.35� 0.33 7.1� 1.7
GRB 160203A 3.519 1.267 1.40� 0.19 4.0� 0.5
GRB 161023A 2.708 1.243 1.83� 0.02 7.1� 0.1

Notes. The list includes one absorber ful�lling the criterion that
W2796

r & 1 ¯ within its 1� uncertainty. TheD index refers to the
de�nition by Ellison (2006).(a) This absorber has two distinct compo-
nents separated by 390 km s� 1 and the index refers to the sum of the
components.

100 quasars. They are listed in Tables 2 and A.1, respectively.
We computed the rest frame equivalent widths of the strongest
line in the doublet,W� 2796

r , by de�ning a continuum level region
around the identi�ed line with� 10 ¯ wide wavelength ranges
bluewards and redwards of the Mgii doublet. Errors forWr were
computed by propagating the uncertainties from the associated
error spectrum. In the case where two absorber components lie
within 500 km s� 1 from each other they were treated as a single
system (similarly as in Chen et al. 2016), andWr represents the
sum of the components.

We excluded absorbers withW� 2796
r < 1 ¯ even if their

equivalent width, including uncertainties, could place them
among the strong absorber sample. Since the quasar spectra
have high S/N values, the uncertainties lie in the range� Wr =
0:01� 0:04 ¯. Although below theWr > 1 ¯ limit, including
1� measurement uncertainties, �ve additional Mgii absorbers
would pass for strong absorbers in the quasar sample and a sin-
gle one in the GRB sample. These are also listed in Tables 2 and
A.1 for completeness.

The transient nature of GRB afterglows prevents us from
obtaining follow-up spectra at di� erent wavelengths once the
afterglow fades below detection limits. Therefore it is di� cult
to determine additional absorption properties of the strong in-
tervening Mgii absorbers in the XSGRB sample, for example
if the absorbers are metal-rich or strong depending on the hy-
drogen column densities. However, with alternative methods we
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can address this issue for the Mgii absorbers. The damped Ly-�
absorbers (DLAs) identi�ed in XQ-100 (SÆnchez-Ramírez et al.
2016; Berg et al. 2016) all show Mgii absorption lines (besides
those that remain undetected in the gap between theJ- and
H bands), but only about half are classi�ed as strong Mgii sys-
tems with W� 2796

r > 1 ¯ (Berg et al. 2017). TheD-index of
Ellison (2006), de�ned asD = (Wr=� V) � 1000, with� V being
the full velocity width of the absorption line in km s� 1 relative to
the continuum, can be used as a criterion to pre-select DLA sys-
tems in cases where the hydrogen column density is unknown.
The threshold value of theD-index for an absorber to be a DLA
system depends on the observed spectral resolution. All DLAs
found in the XQ-100 sample haveD > 4 (Berg et al. 2017). In
Table 2, we list theD-index for Mgii absorbers in the XSGRB
sample, suggesting that all but one of the absorbers are DLAs.

In addition to the X-shooter samples, we examined the low-
resolution GRB spectra by Fynbo et al. (2009) in the same man-
ner as the X-shooter data. This sample was kept separate from
the X-shooter GRB sample, and was used to look for any de-
pendence on spectral resolution at lower redshifts. In the low-
resolution sample we found 15 intervening strong Mgii systems
at 0:2 < z < 2:2 within a total path length of� z = 50:3.

3. Statistics of strong Mg ii systems

3.1. Incidence rate

Next we computed the incidence, or sometimes referred to as the
line density:

dN
dz

=
P z2

z1
Nabs

� z
=

P z2
z1

NabsRz2

z1
g(z)dz

; (1)

in redshift intervals fromz1 to z2. We experimented with several
binning approaches in the analysis, as described below. Unless
speci�ed, in all experiments, the �rst bin starts at the minimum
redshift in the path length,z = 0:14. We �rst chose bin sizes to
include an equal number of absorbers in each bin, which gave
irregular sizes of the redshift bins. For the quasar sample, we
chose 20 Mgii systems in each bin, six for the XSGRB sample,
and eight in the low-resolution GRB data. The numbers were
chosen to have a similar number of bins for each sample in order
to analyse the redshift evolution. With the small number of ab-
sorbers in the low-resolution data, however, there were only two
bins.

To compute uncertainties of the incidences we assumed that
the error is equal to

p
Nabs as given by Poisson statistics. How-

ever, because the square root approximation underestimates er-
rors in the small number regime (Gehrels 1986), we also com-
puted errors using a Monte Carlo bootstrapping with replace-
ment technique. We created a random sample with replacements
of 100 quasars (81 GRBs) and compute the path lengths, number
of absorbers and incidences within the redshift intervals. The 1�
standard deviation of incidences from 1000 experiments, which
represent the uncertainty, gave the same error as computed from
the square root approximation for the Poisson statistics.

The results for the Mgii sample that passed the strict crite-
rion thatWr > 1 ¯ are illustrated in the left panel in Fig. 3 with
computed incidences listed in Table 3. We �nd that the incidence
of strong Mgii absorbers towards GRBs and quasars is consis-
tent to within 1� uncertainty levels at all redshifts.

Traditional methods for computing the incidence also work
with a set of non-overlapping redshift bins. As a second method
of binning, we computed the incidence of Mgii systems in the

Table 3. Incidences for strong Mgii absorbers towards GRB and
quasars at the median redshift intervalhzi .

GRB Mgii systems
hzi zmin � zmax dN=dz dN=dX

0.802 0.144�1.459 0.215� 0.088 0.104� 0.043
1.639 1.459�1.818 0.788� 0.322 0.286� 0.117
2.161 1.818�2.503 0.511� 0.209 0.166� 0.068
3.557 2.503�4.610 0.547� 0.245 0.149� 0.067

Quasar Mgii systems
hzi zmin � zmax dN=dz dN=dX

1.352 0.963�1.740 0.357� 0.087 0.149� 0.033
1.914 1.740�2.404 0.205� 0.109 0.166� 0.037
2.389 2.404�2.776 0.269� 0.084 0.116� 0.026
3.016 2.776�3.061 0.357� 0.063 0.079� 0.018
3.920 3.061�4.381 0.546� 0.111 0.119� 0.029

Notes.zmin � zmax gives the redshift interval.

GRB and quasar samples using a sliding redshift bin technique
(see SÆnchez-Ramírez et al. 2016, for an application to compute
the total neutral hydrogen density,
 DLA , with sliding bins). We
chose redshift interval bin sizes of� z = 0:7 and increased the
steps abovez = 2:5 to � z = 1:2 for the GRB sample. The re-
sulting 68% con�dence intervals are shown in the grey and blue
shaded regions in the left panel in Fig. 3. Choosing a larger� z
smooths out the curves, but the redshift evolution of the inci-
dence rate does not change the overall shape. We also examined
the result from using a sliding constant integrated path length,� z
(SÆnchez-Ramírez et al. 2016). The two methods that we used
for computing the incidence rates gave consistent results.

The incidence rates were also computed with the expanded
samples that include absorbers withWr > 1 ¯ within � 1� mea-
surement uncertainties. This addition does not change the re-
sults, and the agreement between incidences from the GRB and
quasar samples remain consistent to within 1� .

Another frequently used statistic related to absorbers is the
comoving line density dN=dX de�ned as

dN
dX

=
P z2

z1
Nabs

� X
; (2)

where the absorption distance is

� X =
Z z2

z1

g(z)
(1 + z)2

p

 m(1 + z)3 + 
 �

dz: (3)

We used
 m = 0:308 and
 � = 0:692 from recent Planck
analyses (Planck Collaboration XIII 2016). The results listed in
Table 3 and shown in the right hand panel of Fig. 3 again demon-
strate that the quasar and GRB incidence rates agree within 1�
uncertainty levels.

The comoving line density of quasar Mgii absorbers has
been argued to evolve with redshift, with an increase fromz = 0
to z � 2 (Nestor et al. 2005; Mathes et al. 2017) followed by
a decrease towards higher redshifts (Matejek & Simcoe 2012;
Chen et al. 2016). This trend roughly follows the redshift evo-
lution of the comoving star formation rate density, suggesting
that the strong absorbers somehow trace star formation activ-
ity (MØnard et al. 2011). In the analyses of GRB and quasar ab-
sorbers presented in this work, measurement uncertainties are
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Fig. 3. Left hand panel: incidence rates from the two legacy samples of strong Mgii absorbers with points representing bin sizes with 6 and 20
absorbers in the XSGRB and XQ-100 samples, respectively. The grey line illustrates a sliding redshift binning of XSGRB absorbers and the shaded
region presents the 68% con�dence levels. The blue shaded region represents the 68% con�dence intervals for a similar sliding redshift binning
of the XQ-100 sample.Right hand panel: comoving line density. The dotted line represent strong Mgii absorbers in quasar spectra (Mathes et al.
2017), and the grey stars mark a larger sample of quasar absorbers at high redshifts (Chen et al. 2016).

large and do not probe the highest redshifts (z > 5). Nev-
ertheless, number statistics agree with previous high-spectral-
resolution studies (Matejek & Simcoe 2012; Chen et al. 2016).

3.2. Comparison between samples

Earlier analyses suggested that GRBs and quasars trace
Mg ii systems di� erently, and the excess incidence of strong
Mg ii absorbers are frequently computed relative to SDSS quasar
spectra. In order to compare numbers with the overdensities
listed in Table 1, we computed the expected number of strong
absorbers by integrating

Nexp =
Z z2

z1

g(z)
@N
@z

dz; (4)

from z1 = 0:14 to z2 = 2:3; where the functional form for the
SDSS Mgii incidence@N

@z was taken from Zhu & MØnard (2013)
andg(z) from Fig. 2. The expected numbers of Mgii absorbers
are 12.1 and 37.9 for the XSGRB and XQ-100 samples, respec-
tively, while we found 18 and 52 absorbers. Both samples there-
fore suggest an excess factor of 1:48� 0:35 and 1:37� 0:19 rela-
tive to SDSS quasars, while the incidences in this redshift inter-
val are consistent between our quasar and GRB samples within
0.3� uncertainties.

Whereas the incidences from the two legacy samples are
consistent with each other, we proceed to compare incidences
to other samples of intervening strong Mgii absorbers towards
GRB reported in the literature and to SDSS quasars. In Fig. 4
all GRB samples have black symbols and quasar samples are
shown in blue. The large black diamonds that represent the XS-
GRB sample show that the incidence rate from GRBs at 0:144<
z < 1:449 agrees with incidence rate from SDSS quasars illus-
trated by the dashed and dotted curves (Prochter et al. 2006a;
Zhu & MØnard 2013), while the bin for GRBs at 1:459 < z <
1:818 suggests a larger incidence of dN=dz = 0:788 � 0:322
(Table 3) which is an excess factor of 2.3� 0.9 compared to
dN=dz = 0:354� 0:005 expected from the SDSS (Zhu & MØnard
2013). To compute uncertainties for the SDSS incidence we �t
dN=dz (Fig. 13 in Zhu & MØnard 2013) with a 3rd-order polyno-
mial function following the results by Prochter et al. (2006a) and

calculated the covariance matrix from which we derived 68%
con�dence intervals.

In Fig. 4 the points atz � 1 from Prochter et al. (2006b)
and atz � 0:7 from Vergani et al. (2009)3 suggest incidences
that have an excess of a factor of 3.8 and 2, although consistent
to within 1.5�2� uncertainties from the SDSS. Cucchiara et al.
(2013) determined an average incidence dN=dz = 0:18 � 0:06 in
a broad redshift range 0:36 < z < 2:2 based on their own inde-
pendently collected sample of 83 GRBs. Their full sample con-
sisted of 95 high- and low-resolution afterglow spectra and in-
cluded previously published data from the literature which gave
a higher incidence of 0:36 � 0:09. Compared to dN=dz = 0:24
expected from SDSS quasars, they derived an excess factor of
1:5 � 0:4. In the same redshift interval for GRB absorbers we
derived dN=dz(z = 0:36� 2:2) = 0:42 � 0:10, that is, consis-
tent within 0.5� uncertainty incidences from the total sample
in Cucchiara et al. (2013).

We examined if any Mgii absorbers were potentially missed
in the SDSS samples by cross matching SDSS Mgii absorbers in
the study by Raghunathan et al. (2016) with the XQ-100 sample.
In total, 17 quasars are in common, and for these sight lines the
detected strong absorbers mostly agree. One of the SDSS spec-
tra suggestsWr below the 1 ¯ criterion, whereas in the XQ-100
data the criterion is ful�lled, and reversely for one other case.
Only a single strong Mgii system atz � 2 was missed in the
SDSS data (SDSS J105705+191041). The number of objects in
common in XQ-100 and in Raghunathan et al. (2016) is insu� -
cient to demonstrate if the SDSS is missing any absorbers since
XQ-100 does not probe absorbers belowz = 1. More detailed
investigations including lower-redshift quasars are needed to de-
termine if other absorbers could be missed in the SDSS.

3.3. Comparison with high-spectral-resolution quasar data

While the SDSS database of quasar spectra provides the largest
sample for comparison in terms of number statistics, other
large samples of quasar spectra have been compiled. Using
archival high-spectral-resolution data from Keck/HIRES and

3 Bergeron et al. (2011) present a correction to the numbers given by
Vergani et al. (2009) and we use the corrected incidences here.
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