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Abstract. We use the first data release of the 2-degree Field quasar survey to investig#&ctie gravitational magnification

by foreground absorbing systems on background quasars. We select two populations of quasars from this sample: one with
strong Mgii/Fent absorbers and one without. The selection is done in such a way that the two populations have the same
redshift distribution and the absorber detection procedure discards possible biases with quasar magnitude. We then compare
their magnitude distributions and find a relative excess of bright quasars with absorberdfddtiseletected at the 2.4, 3.7

and 4.4 levels inu-, b- andr-bands. Various explanations of the observed phenomenon are considered and several lines of
evidence point towards gravitational lensing causing some of tfereinces observed in the magnitude distributions. We note

that physical quasar-absorber associations may contribute to some extent to the observed correlations for low quasar-absorber
velocity differences. We discuss the implications of these findings and propose future work which will allow us to strengthen
and extend the results presented here.
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1. Introduction For a magnitude limited sample of quasars, tfiees of
ravitational magnification come into play: the flux received

Fion in their spectra. Thege absorbers are believed to t.race \d absorbers is gravitationally enlarged, which then lowers

lous t.ypes of sys_tems (d'SK.S’ dwarfs, IOV\.’ surfacg brlghtnqﬁ% density of background quasars. The net result of these com-
galaxies) antbr dlﬁere_nt regions of galax_|es (the innermo eting dfects (an increase or decrease of the number counts
part, ou_tflo_ws). Detecting such a system in the spe_ctrum 0 fiquasars with an absorber) depends on whether the loss of
quasar indicates the presence of a matter overdensity along i, o< que to dilution is balanced by the gain of sources due

line-of-sight and such a concentration Of. matter may well aff)tflux magnification (Narayan 1989). Sources with flat lumi-
as a lens on the background quasar. This scenario is thenl%%

d h itude distributi P Sity functions, like faint quasars, are depleted by magnifica-
pected to dect the magnitude distribution of a quasar POpYi,, \hile the number density of sources with steep luminosity

lation showing absorption systems (Bartelmann & Loeb 19 ncti : ; . -
ctions, like bright quasars, is increased. Thied is called
Pei 1995: Perna et al. 1997; Smette et al. 1997). gt

S themagnification biage.g. Schneider et al. 1992).
If some absorbers, for example with high Eolumn den- At s t tifv this oh h b dei
sities, trace distant galaxies, the associated lendtiegts, for empts to quantify this phenomenon have been made in

impact parameters greater thab0 kpc, will likely modify the t_he past t.hrough bOth theoretical modeling ‘f.jmd. direct ob_serva—
flux of the source without producing new additional image ons. Pei (19.95) es_Umgted théfects of gravitational lensing
Since the intrinsic luminosity of a given quasar is not kno C_OSWO'OQ'C""'_'V C.iIStI’IbUted dark matter halos on the quasar
a-priori, such anfect cannot be detected for an individual obl_umlnosny function; Bartelmann &_ Lpeb (1995) and Smette
ject but requires a statistical analysis performed with a Iarﬁéal' (1997) showed hOW. th(_a statistics of Dampedal_sys-
homogeneous sample. ems are ﬁected by lensing; Per_na et aI.. (2997) estlmateq
that for bright quasars changes in magnitudes due to gravi-

Send gfprint requests toB. Ménard, tational lensing by spiral galaxies are stronger than obscura-
e-mail:menard@mpa-garching.mpg. de tion efects which give rise to the opposite trend. More re-

* Appendix A is only available in electronic form atCently, Maller et al. (2002) have shown that the Sloan Digital
http://www.edpsciences.org Sky Survey (SDSS; York et al. 2000) combined with future
** Marie Curie Fellow. space-based missions (such as the Galaxy Evolution Explorer
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satellite; Milliard et al. 2001) will provide the necessary datiurther extensions of this work to the larger sets of data which
to constrain the mass to gas ratio of certain types of absorbeit become available soon.

by using the gravitational lensindfects they produce on back-

ground quasars.

On the observational side, one approach consists of fittiRg The data

lensing models to the redshift evolution of quasar absorbgjgy| recently only a few hundred quasar spectra were avail-
to disentangle intrinsic evolution from gravitational lensingy o tor the detection of quasar absorbers. With the help of
(Thomas & Webster 1990; Steidel & Sargent 1992; Borgegsi,ii_finer spectroscopy, surveys of thousands of quasars have
& Mehlert 1993). All these studies found théft of [ensing pecome publicly available. A pioneer experiment in this area,
to be small for the range of redshifts and equivalent widths thgy, » degree field quasar redshift survey (2QZ) has already
used. Another approach first suggested by York etal. (1991)isyjired more than 20000 quasar spectra (Boyle et al. 2001;
to divide quasar spectra into a bright and a faint sample in org&fyom et al. 2001a; Hoyle et al. 2002) and provides an un-

to determine the incidence of absorbers in each sample S&Raz.edented source for statistical studies of quasars in a homo-
rately. In their study, York et al. found no evidence for grawtag-em_mUS sample

tional lensing, except perhaps towards higher redslafts3).
Vanden Berk et al. (1996) extended the analysis to a larger sam-

ple of quasar spectra compiled from the literature. They fouZdl. The 2dF QSO redshift survey and associated
an excess of © absorbers in luminous quasars, as would be  quasar absorbers

expected from a gravitational lensinffext, but did not find a
similar trend in the available Mg sample. Recently, Le Brun
et al. (2000) used a sample of 7 Dampedd.gystems for

The first data release of the 2QZ contains over ten thousand
low resolution quasar spectra, taken with the 2-degree Field

which they identified the absorbing galaxies, measured the iffjStrument at the Anglo-Australian Telescope in the range

pact parameters, and derived the upper limit of 0.3 mag for tA&00-7°00 A. Quasar candidates with .28 < b, < 2085
amplification factor. were selected from a single homogeneous color-based cata-

. Iggue from APM (Automatic Plate Measuring) measurements
Apart from the latter one, all these above mentioned stu UK Schmidt photographic material. Note that the corre-

ies used relatively weak absorber samples: Cons'de”ng’Mgs\Pondingu- and r-band quasar catalogues are therefore not

most of the corresponding systems they used have an equ!:(_‘;’}hplete
. < 2 .
lent width (02 < Wo (2796 A)< 1 A). As a result, the authors In our study we will use the absorber catalogue compiled

looked for the cumulative — and likely weak — lensineets ; : .
. . y : ; by Outram et al. (2001). They examined visually the highest
due to multiple absorbing systems along the line-of-sight ¢ ; ) . . !
hy Signal-to-noise ratio spectra in order to identify heavy element
quasars. Here we adopt another strategy for unveiling the eF . R 7
fects of aravitational lensing by absorbers: we focus on tlgbsorbers (hereafter, “metal” absorbers). Their aim was to com-
9 g by i Rlle a list of Damped Lymam (DLA) candidates for further

strongest systems and look for their magnification bias. IndemVestigation. Starting from the 10k catalogue, the sub-sample
despite the fact that such systems are rarer, some of them ma

actually probe the inner part of galactic halos and might therfues- d t_o OptI.mIZ.e.thIS metal” search is defined according to the
) : ollowing criteria:

fore favor observable lensingfects. Being able to measure the

associated magnification bias might be of great interest sincelit

allows us to probe the dark matter distribution of distant bary; only spectra with signal-to-noise raticS/(N) greater

onic systems seen in absorption. For a given distribution of im- than 15 in the range 4000-5000 A were selected. S

pact parameters and for a given dark matter profile, an accurateestimate is based on spectral variances measured from the
measurement can then lead to some constrains on the averags ) finers in each APM field:

massof these absorber systems. 3. quasars exhibiting broad absorption lines or high ionization
In order to detect this feect, we use here the first re- systems WithZaps ~ Zem are excluded from the analysis.
lease of the 2dF quasar survey (2QZ), i.e. a large and ho-
mogeneous sample of quasar spectra, to compare the mggls selection reduces the 10k release to a sample of
nitude distribution of quasars with a strong Mgabsorber 1264 quasars which werésually inspected for the detection
(13 < Wy (2796+ 2803 A) < 9.0 A) to that of a reference of absorption lines. In order to avoid false detections, they re-
population of quasars for which no such absorption was fourfliire the presence of at least two absorber species at the same
This paper is organized as follows: in Sect. 2 we presegdshift. We refer the reader to Outram et al. (2001) for the
the data and detail how we selected two unbiased samplesiefails of the absorption line detection technique.
quasars, with and without absorbers. We then compare their In this subsample of quasars, 129 spectra contain at least
magnitude distribution in Sect. 3 and find a significarffedi one absorption system and there remain 1135 quasars for which
ence between them. In Sect. 4 we review tffeas expected no absorption line was detected. In order to compare the mag-
from the presence of a system along a quasar line-of-sight amidide distribution of these two samples, the corresponding
find gravitational lensing and physical associations to be theasars must be selected in a way that does not introduce any
most likely explanations for the trend we observe. Finally, weagnitude bias. The rest of the section describes the details of
discuss the implications of the results obtained and propdhés selection.

the sample is limited to quasars with, > 0.5;
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2.1.1. The absorber population ropTTT T T
In order to optimize the detection of statistical lensirfigets, 120

a large sample of strong absorbers is required. In the 2QZ

the most commonly detected absorbers araiffgi systems. 100

Indeed, Mgt absorption is a doublet, allowing for robust iden<
tification, and Fer lines present a variety of rest wavelengths 5,
and oscillator strengths, which easesnFeentification in a i;
given wavelength range. The MigFen absorbers identified &
by Outram et al. (2001) are strong systems with rest equi@—
lent width of the Mgt doublets ranging from 1.3 t0 9.0 A (see”
Table A.2). In the following, all equivalent widths will refer to
the one of the Mar doublet, as given by Outram et al. (2001).
This preselection reduces the sample introduced above down 2°
to 109 quasars. The corresponding list is given in Appendix A.

For our analysis, we do not take into account the small number  © R — SRsea :

of quasars which are not detected intHgand: one quasar with 00 0 e r;(;fmﬁ 20 >0 50

an absorber (flagged R1 in Table A.2) and 2% of the reference
(flagg ) > 1g. 1. Redshift distributions of the population of quasars with a strong

q_uasars, in orderto an_alyze WeII-deflned samples in eyery m j11/Fett absorber (solid line), the sample of absorbers (filled his-
nitude band. Lastly, since our goal is to look for grawtatmni('gﬁ‘ge

. . ram) and the population of quasars without such absorbers (dashed
lensing éfects, we also exclude one system (flagged R2 in tig) For the Jatter one our analysis considers only quasars whose

table) for which the absorber escape velocity is smaller thaishifts overlap the ones of quasars with absorbers (red dashed re-
3000 kms?* which indicates that the absorber is very likelyion). Since the probability of finding an absorber increases with red-
physically associated to the quasar. In the six cases where B, the sample of quasars with an absorber presents a redshift dis-
absorbers are detected in a single quasar spectrum (A flags)nibation skewed towards high redshifts with respect to the reference
consider only the one having the largest equivalent width. (Natepulation.

that, given the small number of quasars concerned, using other

choices do not significantlyfi@ct the results of this study.) The

resulting set of quasars with absorbers contains 108 objects and

the reference population 1114. The selection steps are summa-

fized in Tabl.e Al _ . . . a case, our selection is expected to favour gravitational lensing
As mentioned in the introduction, the amplitude of graveffects.

itational lensing &ects by absorbers is expected to be high-

est when absorbing systems probe the inner part of galactic

halos. Such a situation is likely to occur when quasar spex1.2. Redshift distributions

tra show strong Mg lines or a Damped Lymaa-absorber at

z2 0.5 (Steidel 1995; Le Brun et al. 2000). Several theoreticdle present the redshift distributions of the three populations
studies have investigated the corresponding lendiiegts (Pei relevant to this study in Fig. 1: the initial sample of quasars
1995; Bartelmann & Loeb 1995; Perna et al. 1997; Smette etwlthout any strong absorber (dashed line), the population of
1997). In the present study, it is important to note that our afuasars with a strong MgFe1r absorber (solid line) and the
sorber sample is actually expected to present such propert@sresponding detected MggFelr absorbers (filled histogram).
strong Mgi/Fetr systems have proven to be excellent trace8nce the probability of finding an absorber increases as a
of DLAs. Indeed, although a number of DLAs are known dtnction of redshift, the redshift distribution of the sample of
high-redshifts (Storrie-Lombardi et al. 1996; Storrie-Lombardjuasars with an absorber is skewed towards high redshifts with
& Wolfe 2000; Reroux et al. 2002) due to their signature imespect to the population of quasars without an absorber. In ad-
optical spectra, discovering these systems at lower redshiftgliigon, the apparent magnitude of a quasar depends on distance
more challenging since the observed wavelengths of DLAs a® well as intrinsic luminosity. Therefore, a meaningful com-
shifted to the ultraviolet, requiring space-based observatioparison of their magnitude distributions requires the samples to
An attempt to overcome this drawback was first proposed hgve the same redshift distribution. Thus, we will work with
Rao et al. (1995) who suggested the use ofiMapsorbers as subsamples of the population of quasars without absorbers se-
tracers of DLA candidates. Their method is based on obskreted such that the number of objects and the redshift distri-
vational evidence which indicates that DLAs are always asdmitions are identical to that of the quasars with an absorber.
ciated with a Mgt system. Extensions of this work (Le BrunThis range is represented by the red dashed region in Fig. 1.
et al. 1998; Rao & Turnshek 2000; Nestor et al. 2002) hatoreover this choice of redshift distribution automatically re-
shown that strong Mg and Far absorption systems observedgects the low redshift quasars for which therFknes (2344,

in optical quasar spectra are very reliable indicators of the pr&882, 2587 and 2600 A) do not fall in the observed wavelength
ence of DLAs at low-redshifts. Therefore, our absorber populange. This set of bootstrapped subsamples constitutesfeur
tion can be considered as a sample of DLA candidates. In serhncesample.

60

40
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Fig. 3. Observed Mgt equivalent widthW as a function of spectrum

185 190 195 200 205 185 190 195 200 205 S/N. The t_ypi_cal uncertainty ol is of the _order of 20 per cent. The
b—band b=band solid line indicates the region above which Mabsorbers are de-

tected at more tharh The triangles show the 2d5/N estimate based

in the 4000-5000 A range and the circles show our estimate using the

100¢ ‘ ‘ "1 5000-7000 A range. The two horizontal lines represent the lower lim-

80F 1 itsused in Sect. 3 to discard possible biases in the absorber detection
. 2 el o o procedure. Note that five systems w@fN > 50 are not displayed for
> > clarity.

40

20

0 ‘ ‘ ‘ In a spectrum with a resolutidRWHM, the minimum de-
18 19 20 . . . S .
r—band tectable equivalent width with o significance is:
Fig. 2. MagnitudeS/N distributions of the two quasar populations irW = nx FWHMx (S/N)-l_ 1)

u-, b- and r-bands. The reference population is plotted on the left "

hand side and the population of quasars with a detected absorbe%q\r}en the resolution of 2dF spectr8WHM = 8 A), the

the right hand side. A correlation is clearly seen in each band. T . -
S/N parameter is the one given by the 2dF, i.e. computed in the ra m‘?nlmum equivalent width detectable at Sor a S/N greater

€ .
4000-5000 A. The horizontal light-coloured line defines the Iimir% an 15 Wi = 2.6 A.

S/N > 15 used by Outram et al. (2001) in order to define the quasar The visual detection of Mg/Fe systems is mostly based
sample. on the Mg absorption feature, since the Mgloublet is the

more distinct feature (see Fig. 4 for an example). The equiva-
lent widths of the Mgt absorbers we use are given by Outram
et al. (2001, see Table 1 of their paper). In Fig. 3 we show the
2.1.3. Signal-to-noise properties distribution of the observed Mg equivalent widths as a func-
tion of spectrum’sS/N with triangles. Following Eq. (1), the
The absorber detectiorfiigiency depends on th8/N of the solid line represents the region above which iMgbsorbers
quasar spectra, so it is necessary to verify how this parame{gh be detected at least at the [Bvel. Since all the absorbers
influences the magnitude distribution of the two quasar pofe above the solid line of this figure, all of them have #fisu
ulations. Since each field observed by the 2QZ was exposgsht detection level{50-) to be identified in any of the quasar
approximately for the same length of time (about 55 min), Wgectra of the sample. Therefore, based on thetligsorption
expect some correlation between the magnitude of the quasiais detection, our sample is not biased towards any preferen-
and theirS/N. tial S/N or magnitude range. The fact that all the points lie well
In Fig. 2, we plot the 2dIS/N estimate as a function of theabove the & level depends on the criteria used by Outram et al.
magnitude of the quasars in tiie b- andr-bands. The right (2001) in their absorber search (for example the requirement of
panels show the population of quasars with a detected absotherpresence of Relines) and show that only very robust de-
and the left ones the reference population. Bright quasars téections are considered. We have further checked this by visu-
to have highe&/N as is expected; the scatter of this correlatioally inspecting the spectra of the objects listed by Outram et al.
is quite large since th&/N not only depends on magnitude, buand found that most of the systems show the foun fiees
also on the sky brightness, the exposure time and the air mg2844, 2382, 2587 and 2600 A) and all of them clearly show
Given this correlation, it is important to check that the absorbat least three of the four lines. The simultaneous detection of
selection does not bias the sample towards a preferential rasgeeral lines (in addition to the presence of igjgnakes the
of S/N and hence biases the magnitudes. Fer detection quite robust.
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Fig. 4. Example of Mai/Felr detection. The spectrum of this quasazat= 2.06 clearly shows the Mg doublet as well as the four Felines
expected for an absorberats = 0.82. This spectrum has a signal-to-noise ratio of 48. The dashed line is the corresponding sky spectrum.

Besides, it is worth pointing out that given the rest frama&bsorbers. The combined 10 000 bootstrap samples without ab-
wavelengths of Mg transitions (2796 and 2803 A), a numsorbers are used as a reference sample in what follows.
ber of the corresponding absorption lines fall in the range . . L
5000-7000 A of the quasar spectra. However, as mentiongd In the upper panels of Fig. 5 we show the magnitude distri-

above, thes/N-parameters as determined by the 2QZ team a gt.lon_ of the two quasar sampl_es n th‘r_eb-. anQr-bands. The
measured in the range 40005000 A. SinceSfig of a spec- solid line represents the magnitude distribution of the quasars

trum is a function of the observed wavelength, the 2§/ with an absorber and the dashed line shows the combined refer-

may not be optimal for testing how the absorber detection tecHice sample. Smce these_ two populatlon.s haﬁe?“”‘ SIZEsS,
nigue might bias the luminosity function of our two quasar po yve plot j[he_ fraF:t|on of objects per magnitude bin. The mag-
ulations. In order to obtain 8/N parameter that more directlynItUde distribution qf quasars W'th. an absorber appears to be
describes this selection bias, we have recompute®theof skewed_ towards b”ght objects W'.th respect to the reference
each quasar in the observed wavelength range 50000 A population. This fect is observed in each band and suggests

by using the ratio between the raw and smoothed specf?n intrinsic diterence in the magnitude distributions. We now

Appropriate masks have been used at a number of Iocatigﬁgw e thi.s dferer_me IS significant. we estimate .the Poisson
where sky lines were not completely subtracted during data pise ass_omated_ with the number of quasars with absprbers
duction. per magnitude biNgsoran{m) by computing the rms devia-

. - o tions in each bin of the bootstrap subsamples introduced above.
The circles in Fig. 3 show the distribution of the observ

. , . e neglect the noise contribution of the reference population
Mg 11 equivalent widths as a function of our spectru@/l es-

. ) A osaret, i.€. the combined bootstraps, since it is a much larger
timator made in the range 50007000 A. The fact that all tRg e For each band, we compute the ratio between the two
circles lie also above the solid line shows that the iMgb-

o an ; A magnitude distributionaNgso:andm)/Nasarer(m), normalised
sorber detection is not biased towards any prefere8fllin -, the number of objects. The ratios are displayed in the lower
the whole 40067000 A range of the spectra. panels of Fig. 5. Each of them is then fitted by a straight line
with gradienty. If both samples had similar distributions, then
the ratio would be unity angwould be zero. However, in each
3. The effect of absorbers on the quasar band, these fits indicate a tilt between the two magnitude distri-

magnitude distribution butions, showing an excess of bright (forda deficit of faint)

guasars with an absorber with respect to the reference popu-

Now we compare the magnitude distributions of the two quasation. The corresponding gradients are = —0.29 + 0.12,
populations, knowing that a flierence can only be related 0y, = —0.66 + 0.17 andy, = -0.70 + 0.15 in theu, b, and
the presence of the absorber along the quasar line-of-sight.r pands, respectively. The significance of these detection is

We proceed as follows: from the reference quasar poputammputed by applying the same analysis to the 10000 boot-
tion we bootstrap 10 000 subsamples having the same sizestagpped samples, i.e. we compare each of them to the com-
the sample with absorbers, i.Bgoso = 108 (see Table A.1 bined reference population, by computing the corresponding
for the successive steps of the object selection). As prexdtios and fitting them with straight lines. Figure 6 shows the
ously mentioned, the objects are chosen from the referemmeresponding distribution of gradients.o: for each band, as
sample with the same redshift distribution as the sample witrell as the value found for the sample of quasars with absorbers
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Fig. 5. The top panels present tle, b- andr-band magnitude distributions of the population of quasars with a strongy/F&gr absorber in

solid lines and the quasars without such absorbers in dashed lines. The latter is computed from a combination of bootstraps that matc
redshift distribution of the first. The bottom panels show the distribution ratios, as well as noise coming from the finite size of the small sam
of quasars with an absorber. Each magnitude band clearly indicates a tilt between the two magnitude distributions.

(vertical line). Each distribution is well fitted by a Gaussian. Ifable 1. This table lists the gradient of the ratio between the mag-
appears that the magnitude distribution of the quasars with aftude distribution of the quasars with an absorber and the reference
sorber significantly deviates from the magnitude distributio®gpulation, as well as the significance level of a non-constant ratio
of random reference samples. Bright quasars with an absorfier 0). for each magnitude band. These significance values come
are in excess compared to the reference populatioriqafaint 0™ the 10000 bootstrap subsamples (see Fig. 6).

quasars are in deficit). The tilt between the two populations is

seen at the 2.4, 3.7 and 4:4evel in theu-, b- andr-bands _ Band  Gradieny  Detection level
respectively. Table 1 summarizes the amplitude of these detec-Main sample: y -0.29+012 2.4
tions. Note that these values are relatively weakly sensitive t¢08 QSO withabs. b -0.66+0.17 3T
the number of bins used. r -0.70+0.15 4.4
Given the fact that we fix the number of quasars in the
bootstrap subsamples to match the number of quasars with an Band  Gradieny  Detection level
absorber, the only relevant information in our comparison is  Wyps> 5.0 A u —0.35+0.14 23r
the value of the tilt, i.e. the gradient between the magni- 83 QSO withabs. b -0.62+0.19 3.0
tude distributions. The magnitude for which the two distribu- r _0.65+ 0.17 3.5

tions are similar (the zero point) can not be estimated with
this technique and therefore the observed tilt could arise ei-
ther from an excess of bright quasars with an absorber, or from

Band Gradieny Detection level

a deficit of faint quasars with absorbers, or from a combina- Wevs> 75 A u -028+021 12
tion of the two. This analysis shows, that the magnitude distri- 37 @SO withabs. b -0.78+0.29 2.57
butions and therefore the number counts of quasars with such r —0.90+0.25 3.3r

Mg 11i/Fent absorbers are significantlyftBrent from the ones

of similar quasars without such absorption lines. Equivalently, \he magnitude distributions, and that the relative excess of
more absorbers are found in front of bright quasars. bright quasars with an absorber is real.

In order to further discard the existence of biases towards
any preferentia5/N during the absorber detection techniun
(which we note was based on a visual inspection), we have als
performed our analysis on two subsamples of iMigelt ab- Given that the selection procedure of the two quasar popu-
sorbers having observed equivalent widiVs,s > 5.0 and lations discards biases with magnitude, the observéereli
Wops > 7.5 A. Indeed, the greater the observed equivaleehces must be related to the presence of absorbers. Indeed
widths are, the more robust their detection in spectra are. Tueh a structure along the line-of-sight of a quasar can mod-
corresponding results are presented in Table 1. As we can &gethe quasar magnitude in fierent ways. Firstly, the pres-
the signals for the larger equivalent widths subsamples shence of dust in the absorber could cause some extinction and
gradients that are consistent with the main sample. This testiden the quasar light. Secondly, if the absorber is a galaxy it
strengthens the interpretation that biases in the absorber detecid also contribute to the observed luminosity of the quasar.
tion procedure are not responsible for thfeliences measuredThirdly, if this absorber system is ficiently massive it can

0Interpretation
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Fig. 6. Distributions of the gradientgy..t Obtained by fitting the ratio between the 10 000 bootstraps subsamples and the combined reference
sample, iru-, b- andr-bands. The scatter of these distributions allows us to define the significance levels of the tilt detection for the sample of
quasars with an absorber. These detections are shown with the vertical lines.

gravitationally lens the background quasar and so modify itherefore this ect would increase the relative numbefaiht
magnitude. Finally, a fraction of the absorbers could be phygdasars with respect to the number of bright ones. It would
ically associated with the quasars and therefore correlate wtitlerefore give rise to a positive gradigntas opposed to the
their physical properties and orientations. In this section, vmegative values observed in the previous section.
review these #ects and estimate their impact on the quasar It is known from deep observations of both DLAs and
magnitude distribution. Mg systems (Le Brun et al. 1997; Boesst al. 1998;
Bergeron & Boise1991) that the luminosity of these objects is
small. Thus, the flux contribution of the absorber to the quasar
luminosity is probably small in general. Moreover, absorbers
Absorber systems are believed to contain dust which produegs located at various redshifts and havedent luminosities.
extinction dfects on the background quasar (Pei & Fall 1995pince these parameters are uncorrelated with the properties of
This phenomenon is wavelength-dependent: bluer parts of the background quasar, sucfiieets should further reduce the
spectrum are morefacted, rendering the absorption-line sangbsorber flux contribution to the global magnitude distribution.
ple to appear redder than the reference one.

Extinction dfects will shift the quasar magnitude distribu- —— .
tion to fainter magnitudes. Given the shape of these dis;tribltli-3 - Gravitational fensing
tions in our case (see Fig. 5), extinctiofieets should increase Under the assumption that the absorber systems are interven-
the number ofaint quasars and thus tilt the magnitude distring galaxies along the lines-of-sight, a likely explanation for
bution of the quasars with an absorber to a positive gragienthe observed trend in the magnitude distributions isniagni-
In contrast, we detected the opposifieet in the previous sec- fication biasdue to gravitational lensing. Indeed, gravitational
tion, i.e. a negative gradient. This implies the existence ofnaagnification has twofeects:
phenomenon related to the absorber whose amplitude is oppo-
site to and dominates over extinctiofiests. — first, the flux received from background quasars is in-

Besides, we note that since extinctiofieets are expected ~ creased by a magnification factemhich is related to the
to be stronger in bluer bands, this could well explain the lower ©Overdensities of matter along their line-of-sight;
amplitude of the tilt observed in theband compared to the — on the other hand, the solid angle in which sources appear

4.1. Obscuration effects

r-band. is stretched. The probability of observing such quasars is
reduced.
4.2. Flux contribution from the absorber Additionally, a “by-pass” fect causes the lines-of-sight to-

wards background quasars to avoid the central parts of galaxies
ﬂr}g reduces theirfective cross-section for absorption.
Considering the firstféects, the relative change in the num-

Itis believed that the systems responsible for theriyfeg1 ab-
sorptions observed in the background quasar spectra migh
asso_ciateq with galaxies. If 'Fhese galaxies are bright enoutger} of quasars with absorbers depends on the magnification
a_nd if the impact pgrameter 's small enough, they could Col%—ctoru and the shape of the quasar magnitude distribution.
tribute to the magnitudes measured for the quasars. The cpIT;

tribution to the ratio between the apparent luminosity distribu-deed’ this Bect shifts the r_nagmtude distribution of the back-
tions of the quasars with and without absorbers is: ground sources towards brighter values. The steeper the num-

ber counts, the higher the increase. The number of sources
R(I°bso) _ loso+ |absorbet @ with a steep luminosity function, like bright quasars, will be in-

Qs loso creased. On the other hand if the local number counts decreases
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B value depends on the observed wavelength. In some cases,
such an fect can thus introduce some correlations between

i 2r the absorbers and the quasar magnitudes, colours, spectral in-
© f dex for example.
© or The additional &ect mentioned above, the by-paskeet,
X r is detailed in Smette et al. (1997) and Bartelmann & Loeb
n ~2[ (1995). It systematically reduces the number of observable
o - high-equivalent widths absorption lines for impact parameters

4 smaller than the Einstein radius of the lens and is independent

L on the magnitude of the background sources.
180 185 190 195 200 205 210 In order taillustrate that the lensing explanation is in quan-

magnitude titative agreement with our measurements we consider now a

Fig. 7. The value of xB(m) - 1is shown as a function of magnitudeSInlp“f::edscetr.]a”? an?hcompultgr th(ta. CorreSpondmgtfnsdmgkef_
in the u-, b- andr-bands and indicate the relative excess of brigﬁ?c S. For estimating the amplicatgnwe assume the dar

quasars with absorbers expected from the magnification bias. NBtgtter distribution of the absorbers to be isothermal with a ve-
that the three bands sparfidrent magnitude ranges. locity dispersion between 100 and 200 kth as it is expected

for spiral galaxies. For a quasarat 2, an absorber &= 1

. ) ) and an fective impact parameter of 10 kpc (following the spa-
as afunction of magnitude, the corresponding number of lensgg distribution given by Steidel 1993 for DLAs) we find an

quasars is reduced. As we show now, thieet depends on gmpiification 107 < i < 1.3 for Q, = 0.3 andQ, = 0.7. The
the magpnification factor and the gradient of the number ofimpact parameter being a few times larger than the Einstein ra-
sources as a function of magnitude. Ing(s) ds be the num- gjys of the lens, the by-pasfect becomes rather weak (see
ber of unlensed quasars with a flux in the range f- ds] and  Fig. 3 in Smette et al. 1997) and can be neglected in the follow-
n(s) dsthe corresponding number of lensed quasars. Let's Wrjtgy. Therefore the total magnification bias is simply described
the unlensed source counts as by Eq. (6). Using the values g{m) introduced above, we plot
no(9ds = a s ds 3) p>¥MLin Fig. 8 for the three dierent bands. The correspond-
ing curves describe the relative excess of quasars with an ab-
The magnification ect will enlarge the sky solid angle, thussorber and are therefore directly related to the lower panels of
modifying the source density by a factofid and at the same Fig. 5. Our simplified model does not aim at reproducing the
time increase their fluxes by a factor These fects act as €xactamplitude and shape of expected lensifegts. Itis only

follows on the number of lensed sources: an indication of the magpnification bias behaviour. As we can in
Fig. 8, it shows that the overajfadientsobtained from gravita-
1 s\ ds : . - .
n(s)ds = Probg)x = ng [=| = tional lensing are similar to the ones measured from the data in
M H the previous section (note that the amplitudes cannot be com-

pared in a straightforward manner contrary to the gradients).
This quantitative result strengthens the evidence towards grav-
itational lensing being at the origin of the tilt measured in this
where Proly) is the probability of having a lens with magni-study. It also shows how the signal found in Sect. 3 is related to
ficationu giving rise to the absorption lines of interest in théne average magnification due to absorber halos and can there-
guasar spectrum. This ddieient plays only the role of a nor-fgre constrain their mass distribution.

malisation factor. I{3 does not vary appreciably over the in- 1,16 getailed calculations taking into account the redshift
terval [s, s/u], which is well satisfied i departs weakly from isyribytions of the quasars and the absorbers as well as a dis-

B(s/)
S) ds 4)

Probg) x u?a (—
u

unity, then tribution of impact parameters and the inclusion of the by-pass
n(s ~ Probg) x -2 ng(s) (5) eﬁgct are beyond thg scope of thig paper; but they will be re-
quired in the future in order to estimate the expected lensing
which can be written as a function of magnitude as effects more accurately and to infer some constraints from such
) 1 observations on the potential wells of these systems.
n(m) ~ Probg) x xZ°#M=1 ng(m) (6)

wherepg(m) = dlog[no(m)] / dm. The final dfect, i.e. a rela- 4 4. |ntrinsic absorbers

tive excess or deficit of lensed quasars with a magnitade

then controlled by the value @gi{m). We have computed this Despite the fact that intervening galaxies are clearly at the ori-
quantity using the values ofy(m) given by the sample of refer- gin of some absorption lines, a number of our absorber systems
ence (i.e. unlensed) quasars introduced above. The resultsnaag actually be physically associated to the quasars. Such as-
plotted in in Fig. 7. As we can see, it indicates that the mageciations have been confirmed when broad absorption lines
nification bias would give rise to a relative excess of briglatre seen in quasar spectra (Turnshek 1988; Weymann 1997) bu
quasars with absorbers whereas faint quasars are depleted. Hersituation is still unclear in the case of narrow lines (Borgeest
we note also that the magnification biahromatic since the & Mehlert 1993). Recently, Richards et al. (1999, 2001),
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Fig. 8. The value of the gravitational magnification bjgs*(M-1 is plotted as a function of magnitude, for the b- andr-bands. The ampli-

ficationu depends on the lens properties and thefoment is the logarithmic slope of the reference quasar number counts (see Fig. 7). As
described by Eq. (6) this quantity is proportional to the expected ratio between the number of quasars with and without absorbers as a function
of magnitude. We are considering hergmplifiedmodel with amplifications ranging fropp= 1.07 to 1.3, as motivated in the text. Theerall
gradientsgiven by this magnification bias are comparable to the one observed from the data. Note that the amplitudes can not be compared
given the need of normalizing the samples.

200 Table 2. Values of the gradientg found for absorber subsamples of

different escape velocity ranges. At low escape velocities, either grav-
itational lensing or physical associations might be able to give rise to
negativey values, whereas only lensing seems to be able to be at the
origin of the dfect found for the high-escape velocity sample.

; . Band Gradieny Detection
1 Low escape velocity

Number of systems
o
T

: v <45% 10° kmst u -040£020 18
sk ] 39 QSO with abs. b -084+028 2.8
i r -071+025 2%

ol L Medium escape velocity Band  Gradieny  Detection
0 =0 100 150 -048+021 2L
Vaso — Vaee [1000 km/s] v>90x 10° kms™?
39 QSO with abs. b ~066£027 22
Fig. 9. Distribution of absorber escape velocities. The vertical lines r —056+0.24 2.1

located at 45000 and 90000 kmtsndicate the limits used for the
two low and high escape-velocity subsamples.

In order to see how the signal varies as a functiof we anal-

yse two subsamples of the same size: one with escape veloci-
Richards (2001) and Ellison et al. (2002) observed correlatidissv > 90 x 10*km s, i.e. for which associations can hardly
between quasar properties (magnitude, spectral index) andhikeinvoked, and a corresponding low-escape velocity sample
number of absorbers found in their spectra. Richards et al. sugth v < 45 x 10°km s, Each sample has 39 systems. The
gested that the presence of absorbers might be related torésaults are summarized in Table 2 where we present the val-
orientation of the quasars and thus gives rise to some corralas of the gradientg and their significance, for the-, b- and
tions with quasar magnitudes. r-bands. The size of these subsamples being reduced by al-

To investigate whether associations could be responsibi@st a factor three compared to the measurement performed

for the magnitude dierences observed in Sect. 3, we have ré Sect. 3, it is expected to have significantly lower detection
done our analysis for subsamples of absorbers wiierdint levels. Nethertheless we can observe that the signal can be de-
escape velocities. Indeed, associations can no longer be att@géed in each case at the Rvel at least. Within the accuracy
origin of observed correlations when the velocityfeience we can reach, the values do not show any specific trend with
between a quasar and a metal absorber is a substantial fes¢ape velocity.
tion of the speed of light. Figure 9 shows the distribution of For the low-escape velocity sample the detection of the tilt
the blueshifted absorber velocities relative to the emission-lipeuld arise either from correlations due to associated absorbers,
redshift of the QSOs, given by: as suggested by Richards et al. (1999, 2001), or from gravita-

tional lensing &ects. In this case, each scenario is plausible.

v (1+20s0)% — (L + Zapd? However, the detection of the tilt for the high-escape velocity

B = c (1+ 20s0)? + (1 + zabs)z' () sample can hardly be explained by associations since this case
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deals with velocities higher than roughly one third of the liglgravitational lensing and correlations due to physical quasar-
speed. Therefore, for this subsample, we can fully attribute thlesorber associations. We argued that only the two latter ex-
excess of bright (andr deficit of faint) quasars with an ab-planations can give rise to the trend we observe. We have then
sorber to gravitational lensingfects. redone our analysis on two subsamples of the same size hav-
Since such a lensing signal contains valuable informatiomg low (v < 45 x 10°kms™) and high ¢ > 90x 10°kms™?)
about the gravitational potential of the absorbers, it would logiasar-absorber velocityftkrences. In each case we detected
of great interest to estimate the fraction of associated absortsnsilar magnitude changes (at the 1.8 to@.8For the low-
as a function of escape velocity. This will allow us to maximisescape velocity sample, either gravitational lensing or physi-
the number of quasars for which only lensing induced correal associations could be at the origin of the observed corre-
lations are expected and therefore improve the accuracy of bgon. However for the high velocity sample, the only likely

magnification bias measurement. explanation for the changes in the magnitude of quasars with
an absorber is gravitational lensing since, in this case, the ve-
5 Conclusion locity differences between quasars and absorbers are greate

than roughly one third of the light speed. Being able to iso-

Using the first release of the 2dF quasar survey (2QZ), we hagg and measure such a lensing signal is of great interest since
looked for the magnification bias due to intervening absorptiais magnification bias contains information about the absorber
systems along the line-of-sight of quasars. Contrarily to preravitational potential.
ous studies which searched changes in quasar magnitudes dueur analysis also shows that the changes in quasar mag-
to presence of numerous but weak absorbers in quasar spegitades due to the presence of absorbers tend to be stronger
we have focused on the strongest absorption systems. in redder bands. This trend might be explained by extinction

The 2QZ sample lists over 10000 quasars of which 13efects since they give rise to affect opposite to that of grav-
were visually inspected by Outram et al. (2001) for the compiational lensing, i.e. a relative excess faint quasars with
lation of a strong metal absorber catalogue. Motivated by thg absorber, which is expected to be stronger in bluer bands.
idea that some of these systems may trace galaxiemgmi- |solating gravitational lensing from extinctioiffects would be
fication biasis expected to modify the magnitude distributiopossible by using complete quasar samplesfiiedint bands.
of the corresponding background quasars (Bartelmann & Loeb The dfects of the magnification bias depend on the slope of
1995; Pei 1995; Perna et al. 1997; Smette et al. 1997). In orgles source number-counts as a function of magnitude and there-
to measure such arfect, we have carefully selected samplere on the characteristics of a given survey. In the case of 2QZ
of quasars and absorbers according to the following main steggasars, the corresponding number count slopes are expecte

— From the catalogue compiled by Outram et al. (2001) v\;g_give rise to a relative excess of bright quasars, in ag(eement
selected the Mg/Fer absorbers. Note that these systen%@'th our detectloq. Moreover, we have shov_vn thairapllf_le(_j
have 13 < W (Mg 11 doublet)< 9.0 A. gravitational lensing model gives guantltanve_nlt pre_dlc_t|0n_s

— For the corresponding observed equivalent widths, we haknparable to the ones observed in the magnitude distribution
checked that the detection of these absorption lines is r%guase_lrs with absorbgrs. Mqre accgrate measqrements of this
biased with respect to the signal-to-noise of the spectra. effect might thgreforg give us interesting constraints on the ab-

— We define a reference population by bootstrapping the poS;S’-rber mass dlstrlbutlon._ . .
ulation of quasars without absorber with a redshift distriby- 't Should be emphasized that such a lensing technique al-
tion identical to the one of quasars with an absorber. ~ 1OWS s t0 greatly extend the usual redshift ranges probed by

existing statistical shear or magnification measurements (see
By comparing the magnitude distributions of the resultinglellier 1999 for a review). Indeed, given the need of back-
quasar populations, we have showed that these are significagityund galaxies, these previous measurements were restrictec
tilted: an excess of bright (ayat a deficit of faint) quasars with to ze,s < 1, whereas the use of quasars and absorbers allows
an absorber is detected at the 2.4, 3.7 and-4e¢els in theu, us to easily probe lensingfects atzens ~ 1-2. Moreover the
b andr-bands. Moreover a consistent signal is still detect@ghses are selected according to their lensing optical depth as
(at the 3.3 in r-band) if we use only the absorbers with thepposed to mass or luminosity.
highest observed equivalent width&/ (> 7.5 A), i.e. systems W are currently undertaking a similar analysis using SDSS
much less sensitive to biases in the detection procedure. Gigp@ctra_ Using a ffierent survey and facingffierent systemat-
the similar redshift and signal-to-noise properties imposed ¢ will allow us to check the significance of the present detec-
our sample selection, this magnitudefelience is necessarilytion. Besides the larger sample sizes that Sloan will provide,
related to the presence of the absorbers. This detection impti@s better spectrum quality will allow the detection of various
that number counts of quasars with strong iEe1r absorbers kinds of absorption lines. Therefore we will be able to extend
are substantially modified with respect to quasars without sugfe analysis to dierent metal absorbers and see, via the mag-
absorbers along their line-of-sight and corrections have to Aication bias, how they populate dark matter halos. This tech-
applied in order to recover the true underlying properties afque might therefore provide a promising tool to get new con-
these objects. strains on the nature of high-redshift absorber systems.

We review diferent €fects arising when a matter concen-
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Appendix A: The sample of quasars Table A.2. continued.

with Mg Il/Fe Il absorbers

. . . .. . . Quasar Zem S/N Zabs WO Flag
This appendix gives explicitly the list of quasars with absorbers 3013659 8294727 1319 17 1295 301
we use in our analysis. The initial sample comes from Outram 5, 1959 4972915 1697 15 0811 3.92
et al. (2001). We refer the reader to this paper for the details J014844.9-302817 1109 49 0.867 1.75
aboyt the compilation of this catalogue, as well as more infor- JO15550 0-283833  0.946 35 0677 2.62
mation on each system. . . J015553.8-302650 1512 16 1.316 3.8
Table A.1 summarises the main steps we used in orderto $€-1015647.9-263143 0019 17 0884 314
lect our sample of quasars with strong Wgrem absorbers. A J015929'7_310619 1'275 28 1'079 1'56
detailed list of the corresponding objects is given in Table A.2. ' ' ' '
From the list of quasars with Mg/Fen absorbers given by J021134.8-293751  0.786 18 = 0616  3.45
Outram et al., we do not take into account two systems in our J021826.9-292121 2469 19 1.205 4.45
analysis: the first one (flagged R1) is a quasar not detected jn)022215.6-273231  1.724 23 0611 255
ther-band. The second one (flagged R2) has an absorber escap\l,‘O22620'4'285751 2171 18 1.022 9.03
velocity smaller than 3000 knk J023212.9-291450 1.835 15 1.212 4.63 A
The A flag indicates the presence of two absorbers in the J024824.4-310944  1.399 26  0.789 491 A,B
quasar spectrum and the B flag is used when one of these two’025259.6-321125  1.954 17  1.735 3.94
absorbers hagps ~ Zos0 J025608.0-311732 1.255 33 0.973 4.62 A
J025919.2-321650 1.557 16 1.356 3.15
J030249.6-321600 0.898 48 0.821 454
Table A.1. Summary of the successive steps of the sample selection 3930324 3-300734 1.713 42 1.190 2.95
with the corresponding number of quasars. J030647.6-302021  0.806 21 0745 4.1
reference  quasars with J030711.4-303935 1.181 25 0.966 2.81 A B
Selection criteria quasars absorber J030718.5-302517 0.992 25 0711 4.95
1. Initial catalogue from Outram et al. 1135 129 J030944.7-285513  2.117 21  0.931 3.39
(2001) J031255.0-281020 0.954 15 0.955 2.06 R2
2. Selecting only quasars with Mg 1135 110 J031309.2-280807 1.435 21 0.950 1.78
and Far systems J031426.9-301133 2.071 25 1.128 6.08 A
3. Excluding quasars not detected 1114 109 J095605.0-015037 1.188 20 1.045 3.04
in ther-band J095938.2-003501  1.875 27 1.598 4.31
4. Rejecting associated absorbers 1114 108 J101230.1-010743  2.360 17  1.370 2.83
with Av < 3000 kms* J101556.2-003506 2.462 17 1.489 2.29
J101636.2-023422 1.519 18 0.912 2.90
J101742.3013216 1.457 18 1.313 172
. . . . J102645.2-022101 2.401 23 1581 1.31
Table A2 Detailed list of the quasars with an absorber used in our J105304.0-020114  1.527 16 0888 5.76
analysis. J105620.0-000852 1.440 22 1.285 1.70
Quasar Zem S/N 20 Wo Flag J110603.4002207 1.659 36 1.018 2.08
T L T gt ol T
J000811.6-310508 1.683 25 0.715 2.55 J115352.0-024609 1835 20 1204 2.90
J001123.8-29250Q 1.280 20 0.605 6.82 J115559 7-015420 1261 19 1132 3.75
J001233.1-292718 1.565 16 0.913 2.83 J120455.4002640  1.557 16 0597 3.92
J002832.4-271917 1.622 47 0.753 1.83 J120826.9-020531 1.724 20 0.761 5.31
J003142.9-292434 1.586 23 0.930 5.39 J120827.0-014524 1.552 15 0.621 3.13
J003533.7-291246 1.492 17 1.457 3.78 1120836.2-020727 1.081 27 0.873 1.97
J003843.9-301511 1.319 43 0.979 2.93 1122454.4-012753 1.347 20 1.089 2.14
J004406.3-30264Q 2.203 22 1.042 3.10 J125031.6000216 2.100 20 1327 261
J005628.5-290104 1.809 23 1.409 3.63 J125658.3-002123 1.273 28 0.947 3.62
J011102.0-2843071 1.479 26 1.156 3.24 J130019.9002641 1.748 17 1.225 5.92
J011720.9-295813 1.646 36 0.793 2.53 R1 J130433.0-013916 1.596 19 1.410 8.05
J012012.8-301106 1.195 64 0.684 4.01 J130622.8-014541 2.152 16 1.332 3.67
J012315.6-293615 1.423 16 1.113 2.30 J133052.4003219 1.474 52 1.327 1.89
J013032.6-2850171 1.670 16 1516 3.37 J134448.0-005257 2.083 18 0.932 5.44
J013356.8-292223 2.222 17 0.838 4.64 J135941.1-002016 1.389 30 1.120 2.97
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Table A.2. continued.

Quasar Zem S/N Zos Wo Flag
J140224.3003001 2.411 24 1.387 2.85
J140710.5-004915 1509 16 1.484 3.49
J141051.2001546 2.598 16 1.170 4.74
J144715.4-014836 1.606 18 1.354 2.02
J214726.8-291017 1678 35 0931 1.74
J214836.0-275854 1.998 55 1.112 1.40
J215024.1-282508 2.655 30 1.144 1.88
J215034.6-280520 1.358 35 1.139 158
J215222.9-283549  1.228 24 0.927 2.59
J215342.9-301413 1.729 31 1.037 1.54
J215359.0-292108 1.160 22 1.036 3.33
J215955.4-292909 1477 23 1241 6.24
J220003.0-320156  2.047 16 1.135 3.20
J220137.0-290743 1.266 24 0.600 3.81
J220208.5-292422 1.522 47 1490 2.98
J220214.0-293039 2.259 78 1.219 3.39
J220655.3-313621 1550 15 0.754 4.60
J221155.2-272427 2.209 35 1.390 2.76
J221546.4-273441 1.967 20 0.785 2.86
J222849.4-304735 1948 33 1.094 3.86
J223309.9-310617 1.702 47 1.146 2.58
J224009.4-311420 1.861 29 1.450 2.04
J225915.2-285458 1986 18 1.405 457
J230214.7-312139 1699 21 0.955 1.98
J230829.8-285651 1.291 43 0.726 3.94
J230915.3-273509 2.823 18 1.060 4.66
J231227.4-311814 2.743 20 1555 2.95
J231459.5-291146  1.795 39 1.402 3.12
J232023.2-301506  1.149 17 1.078 3.50
J232330.4-292123 1547 17 0.811 3.70
J232700.2-302637 1.921 38 1476 6.41 A
J232914.9-301339 1494 20 1.294 2.78
J232942.3-302348 1829 15 1581 6.99
J233940.1-312036 2.611 27 1444 234
J234321.6-304036 1956 28 1.052 2.87
J234400.8-293224 1517 35 0.851 3.13
J234405.7-295533 1.705 19 1.359 2.88
J234527.5-311843 2.065 48 0.828 6.67
J234550.4-313612 1649 39 1.138 1.95
J234753.0-304508 1.659 39 1421 2.49
J235714.9-273659 1.732 24 0.814 3.52
J235722.1-303513 1910 19 1.309 3.65

2 Rest equivalent width of Fe A = 2600 A (Mg blended with sky
lines).
b Rest equivalent width of Mg 1 = 2796 A only.



