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Abstract. A study of the absorption systems toward the gravitationally lensed quasar APM 08279+5255 is presented.
Most of the Mg ii systems in the redshift range z ∼ 1.2–2.07,
although saturated, show large residuals at the bottom of the
lines. The most likely interpretation is that individual clouds
within Mg ii halos do cover only one of the two brightest QSO
images. The separation between the two lines of sight decreases
from 1.7 to 0.7 h−1
75 kpc (qo = 0.5, zlens = 1) between z = 1.22 and
z = 2.07. This reveals that Mg ii halos are made of a collection
of clouds of radius smaller than about 1 h−1
75 kpc.
Two strong Mg ii absorbers at zabs = 1.062 and 1.181 are studied in detail. This is the first time that the Na iλ3303 doublet
is detected in such high redshift systems. Together with the detection of the Mg iλ2852 transition, this strongly constrains the
physical characteristics of the gas. The N (Na i)/N (Mg i) ratio
is found to be larger than unity, implying that the gas is cool and
neutral. The Doppler parameters measured in individual and
well detached components are probably as small as 1 km s−1 .
The column densities of Na i, Ca ii, Mg i, Ti ii, Mn ii and Fe ii
observed at zabs = 1.1801 are very close to that observed along
the line of sight towards 23 Ori in our Galaxy. The shape of the
QSO continuum is consistent with attenuation by dust at z ∼ 1
(AV ∼ 0.5 mag). Altogether it is found that the H i column density at z = 1 is of the order of 1 to 5 1021 cm−2 , the corresponding
metallicity is in the range 1–0.3 Z , the overall dust-to-metal
ratio is about half that in our Galaxy and the relative depletion
of iron, titanium, manganese and calcium is similar to what is
observed in cool gas in the disk of our Galaxy. The objects associated with these two systems could both contribute to the lens
together with another possible strong system at zabs = 1.1727
and the strong Lyman-α system at zabs = 2.974.
The probable damped Lyman-α system at zabs = 2.974 has
19.8 < log N (H i) < 20.3. The transverse dimension of the
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absorber is larger than 200 h−1
75 pc. Column densities of Al ii,
Fe ii, Si ii, C ii and O i indicate abundances relative to solar of
−2.31, −2.26, −2.10, −2.35 and −2.37 for, respectively, Fe, Al,
Si, C and O (for log N (H i) = 20.3). These surprizingly similar
values indicate that the amount of dust in the cloud is very small
as are any deviations from relative solar abundances. It seems
likely that the upper limits found for the zinc metallicity of several damped Lyman-α systems at z > 3 in previous surveys is
indicative of a true cosmological evolution of the metallicity in
individual systems.
Key words: galaxies: quasars: absorption lines – galaxies:
quasars: individual: APM08279+5255

1. Introduction
The gravitationally lensed Broad Absorption Line (BAL) QSO
APM 08279+5255 (zem = 3.911) has been given much attention since its discovery by Irwin et al. (1998), as it is one of
the most luminous objects in the universe even after correction
for the gravitational lensing induced amplification. Adaptiveoptics imaging has revealed two main components (Ledoux et
al. 1998b), separated by 0.378±0.001 arcsec as measured on
HST/NICMOS data (Ibata et al. 1999), and of relative brightness FB /FA = 0.773±0.007. The HST images reveal also the
presence of a third object C with FC /FA = 0.175±0.008, located in between A and B and almost aligned with them. The
point-spread-function model fits on the three objects are consistent with the three components being point-sources, and their
colors are similar within the uncertainties. There is no trace of
the lensing object up to magnitude V = 23.
A high S/N ratio high-resolution spectrum of APM
08279+5255 was obtained at the Keck telescope (Ellison et al.
1999a,b), and made available to the astronomical community.
This spectrum, though complicated by the combination of light
traveling along three different sightlines, is a unique laboratory
for studying the intervening and associated absorption systems.
In this paper we study the structure of six intervening Mg ii
systems at 1.2 < z < 2.07 and the physical characteristics of the
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gas in two very strong Mg ii systems detected at zabs = 1.06 and
1.18, which, we argue, are damped Lyman-α systems and may
well reveal the lensing galaxies. We also comment on a third
probable damped Lyman-α system at zabs = 2.974. This paper
is organized as follows: the data are described in Sect. 2; the
structure of the intervening Mg ii systems is investigated using
the covering factor analysis in Sect. 3; we demonstrate that the
Mg ii systems at zabs = 1.06 and 1.18 are damped Lyman-α systems in Sect. 4; we discuss a probable damped Lyman-α system
at zabs = 2.974 in Sect. 5. We adopt Ho = 75 km s−1 Mpc−1
and qo = 0.5 throughout the paper.
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2. Data
A high S/N ratio, high-resolution spectrum of the zem = 3.911
quasar APM 08279+5255 was obtained with the HIRES echelle
spectrograph at the 10m Keck-I telescope (Ellison et al.
1999a,b). This data was made public together with a lowresolution spectrum of the quasar and a high-resolution spectrum of a standard star. We have corrected the high-resolution
spectrum of APM 08279+5255 for small discontinuities in the
continuum, which are probably due to the inappropriate merging
of different orders. These discontinuities have been recognized
by comparing the high and low-resolution spectra. The latter is
also used for normalization of the high-resolution data. Atmospheric absorption features were identified from the standard
star spectrum. Voigt profile fitting of the absorption features
have been performed using the context FITLYMAN (Fontana
& Ballester 1995) of the European Southern Observatory data
reduction package MIDAS and the code VPFIT (Carswell et al.
1987). We have measured the final spectral resolution by fitting the narrow atmospheric absorption lines which are free of
blending. We find F W HM ∼ 8 km s−1 (b ∼ 4.8 km s−1 ) at
6900 Å, R = 37500, and use this value throughout the paper.
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3. Structure of the intervening z > 1 Mg ii absorbers
Ellison et al. (1999b) have already noted that the two lines of
some of the Mg iiλλ2796,2803 doublets cannot be fitted with
the same column density and Doppler parameter. As can be seen
on Fig. 1, most of the systems have a doublet ratio close to unity
in spite of having residual intensities in the normalized spectrum
close to 0.5.
If the background source is a point source and if the
Mg iiλ2796 absorption line is resolved, then the residual intensity of the normalized spectrum measured at any velocity v
with respect to the centroid of the line, is equal to e−τ (v) , where
τ (v) is the optical depth at v and the residual intensity of the
Mg iiλ2803 line is e−τ (v)/2 . It is apparent from Fig. 1 that the
above condition is not fulfilled for most of the Mg ii doublets.
There are two possibilities to explain this. If the lines are not
resolved, the measured residual intensity is affected by convolution of the true absorption profile with the instrumental profile.
This can introduce artificial residuals at the bottom of the saturated absorption features (see e.g. Lespine & Petitjean 1997).
Alternatively, as the observed light is a combination of light
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Fig. 1. Covering factor (bottom panels) of six Mg ii systems observed
along the line of sight to APM 08279+5255 calculated from the profiles of the Mg iiλ2796 (top panels) and Mg iiλ2803 (middle panels)
absorptions.

from different images, it is possible that the column densities
are different along different lines of sight and, as a limiting
case, that the absorbing cloud does not cover all the images. We
discuss these different possibilities below.
3.1. Unresolved narrow-components
If the absorption profiles are made up of unresolved components, the observed residual intensity does not correspond to
the real optical depth. Given the resolution of the spectrum
(R ∼ 37500), a saturated Mg iiλ2796 line can have a resid-
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Fig. 2. Best fit of the Mg ii doublet at zabs = 1.5523 with five narrow
components (b < 1.5 km s−1 ) and a covering factor f = 1 (reduced
χ2 of 1.5).

ual intensity in the normalized spectrum of 0.5 if its Doppler
parameter is smaller than 1.5 km s−1 . In that case, the residual
intensity of the Mg iiλ2803 line is in the range 0.5–0.6, depending on the actual column density. The two equivalent widths
differ by no more than 20% (see e.g. Lespine & Petitjean 1997).
The system at zabs = 1.5497 can be indeed fitted this way
using 10 components with b values in the range 1.1–1.7 km s−1 .
In that case the well detached cloud in the red wing (see Fig. 1)
is fitted with two adhoc nearly identical components though
the Mg iiλ2796 profile is perfectly fitted with a single resolved
component model. However the one-component model cannot
explain the strengths of the two Mg ii lines without invoking
partial coverage (see below).
We use the zabs = 1.5523 system to illustrate the case. The
final spectrum has a defect in the center of the Mg iiλ2796 line.
We have therefore used three individual exposures of high S/N
ratio (Ellison private communication) to correct for this. The
final optical depth variations from one spectrum to the other is
about 2%. Fig. 2 shows the best fit to the doublet considering
full coverage (f = 1). Five narrow components (b < 1.5 km s−1 )
are needed. Although good (reduced χ2 of 1.5), the fit is not
completely satisfactory. We have fitted consistently the Mg ii
together with the Fe ii lines considering that only one of the
brightest sources is covered. With five components, a good fit
(reduced χ2 of 0.9), shown on Fig. 3, is obtained if B is not
covered (f = 0.6). Details of the subcomponent parameters are
given in Table 1. As the Mg ii doublet ratio is close to one,
small b values are needed even with the assumption of partial
coverage.
It should be noted however that a Doppler parameter smaller
than 1.5 km s−1 corresponds to a temperature smaller than
3500 K, a surprizingly small temperature for this gas which is
most probably ionized. Allowing for a smaller number of components, we can find a good fit with only three components,

Fig. 3. Best fits of the zabs = 1.5523 Mg ii and Fe ii absorption lines
obtained with five narrow (b < 1.5 km s−1 ) components and f = 0.6
(top panel, reduced χ2 of 0.9) and three broader (b > 2.5 km s−1 )
components and f = 0.45 (bottom panel, reduced χ2 of 0.6). The fit
parameters are given in Table 1.

f = 0.45 and reduced χ2 = 0.6 (see Fig. 3 and Table 1). The b
values are larger than 2.5 km s−1 relaxing the restriction on the
temperature.
A statistically acceptable fit is difficult to find for the
systems at zabs = 1.221 and 1.5523. The red wing of the
Mg iiλ2803 line at zabs = 1.221 is blended with another absorption feature which we found difficult to identify. It could be
Mg iλ2852 at zabs = 1.1727. This system is possibly detected
by Fe iiλλ2344,2382, Mn iiλ2576 and Ca iiλ3934 (see Fig. 4).
The other lines are either below the detection limit or blended.
Confirmation of the Ca ii lines, which are free of blending,
would be particularly important as, probably, the presence of
this additional system, together with the presence of the three
damped systems at zabs = 1.062, 1.181 and 2.974 (see below)
should be taken into account in any model of the lens.
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& Petitjean 2000). Given the uncertainties, if only one line-ofsight is completely absorbed, the covering factor should be in
the range 0.4–0.6. Of course, it is larger if the second line-ofsight is not completely clear. We have computed the covering
factor for the Mg ii systems using the method described by
Srianand & Shankaranarayanan (1999). This assumes that the
lines are resolved. It can be seen in Fig. 1 that for the three
systems with zabs < 1.7, the covering factor ranges between 0.5
and 0.6 whereas for the systems with z > 1.7, the covering factor
is larger (but always less than 0.8) with the possible exception
of the zabs = 2.0668 system. The latter system is quite weak
however and uncertainties are large. The values of the covering
factor for the three lower redshift systems suggest that the clouds
cover one of the two brightest background sources only. This
has to be investigated in more detail, though.

Ti II 3242

3.2.2. Optical depths along different sightlines
Mg II 2796
0

Mn II 2576
0

-200

0

200

-200

0

200

Fig. 4. Probable Mg ii system at zabs = 1.1727. Most of the lines are
blended but the similarity of the Fe ii, Mg ii and Ca ii profiles supports
the identification. Vertical dotted lines indicate the positions of the four
probable components.
Table 1. Fit parameters for the zabs = 1.5523 system
z
1.552165
1.552219
1.552270
1.552338
1.552399

bb

±

N (MgII)a

±

Best fit with five components; f
1.7 0.5 11.51
0.15
1.1 0.5 11.88
0.05
1.3 0.2 14.47
0.27
3.4 0.2 12.47
0.10
0.8 0.1 14.67
0.09

Best fit with three components; f
1.552170 2.9 0.5 11.67
0.10
1.552274 4.2 0.6 13.02
0.18
1.552378 4.6 0.7 12.85
0.20
a
b

N (FeII)a

±

= 0.6

In this section we investigate the effect of the optical depth
being different along different sight lines. In order to make our
analysis simpler, we consider only two images, A and B, with
fractional flux contributions F1 = 0.6 and F2 = 0.4. Suppose the
optical depth along the two sight lines are τ1 and τ2 then the
measured residual intensities are,
R(2796) = F1 e−τ1 + F2 e−τ2
R(2803) = F1 e−τ1 /2 + F2 e−τ2 /2

(1)

The residual intensities can be written as (Srianand & Shankaranarayanan 1999),
R(2796) = 1 − f + f e−τ
R(2803) = 1 − f + f e−τ /2

(2)

11.67
12.79
12.23
12.34

0.12
0.05
0.06
0.07

where, f and τ are the resulting covering factor and optical
depth and therefore,

= 0.45
11.29
12.82
12.44

0.11
0.09
0.07

From Eqs. (1) and (3) one can derive f as a function of F1 , F2 ,
τ1 and τ2 . This analysis assumes that the absorption profiles are
resolved in the HIRES spectrum. As F1 and F2 are known from
observation, the covering factor depends on τ1 and τ2 only.
In order to investigate the parameter space we have computed and plotted on Fig 5, the covering factor (panel d), residual intensities of the lines (panels a and b) and their ratio (panel
c) as a function of τ2 for different values of τ1 . In panels (a) and
(b), the two horizontal dotted lines show the range of observed
values for the Mg iisystems with zabs <1.7. In panel (c) the
dotted lines give the measured values for the three low-redshift
Mg ii systems.
As expected, when τ1 = τ2 , f = 1 (albeit with various
ratios of residual intensities) and for τ1 =
/ τ2 the covering factors are less than 1.0. When τ1 ≥ τ2 (respectively τ1 ≤ τ2 ),
the covering factor is in the range 0.6–1.0 (respectively 0.4–
1.0). Conversely, the observed residual intensities, R(2796) and
R(2803), together with the measured covering factor, f , can be
used to constrain τ1 and τ2 .

logarithm of the column density in cm−2
in km s−1

3.2. Partial covering factor
3.2.1. Computing a covering factor
We can interpret the observations in terms of a covering factor
which is the fraction of the background source covered by the
absorbing cloud. The relative brightness of the three sources
are FA,B,C /Ftot = 0.513, 0.397 and 0.090 (Ibata et al. 1999).
If one line-of-sight is completely absorbed (condition imposed
by the fact that the doublets are saturated) and the other free
of absorption, then the covering factor is 0.40, 0.49, 0.51 and
0.60 if, respectively, B only, B+C, A only and A+C are covered
(the case C only is very unlikely as C is close to A and located
in between A and B, Ibata et al. 1999; see however Srianand

f =

[1 − R(2803)]2
1 + R(2796) − 2R(2803)

(3)
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Fig. 5. Panels a and b give, respectively, the observed residuals R(2796) and R(2803) in the normalized spectrum and in the center of the
Mg iiλλ2796,2803 lines as a function of τ2 for different values of τ1 . τ1 and τ2 are the optical depths in the center of the Mg iiλ2796 line along,
respectively, line of sight number one towards image A and line of sight number two towards image B (see Eqs. (1) and (2)). It is assumed that
the fractional flux contributions are f1 = 0.6 and f2 = 0.4. The two horizontal dotted lines show the range of observed values. Panel c gives
the ratio of the residual intensities of the two absorption lines as a function of τ2 for different values of τ1 . The dotted lines show the observed
values in the three systems at zabs < 1.7. In panel d the derived covering factor f (Eq. (3)) is shown as a function of τ1 for different values of
τ2 . Measured values are indicated by dotted horizontal lines.

The covering factor estimates for zabs < 1.7 systems are
in the range 0.5 and 0.6 (see Fig. 1). This, together with the
observed residual intensities, indicates that the absorbing gas
is saturated along one sight line only with optical depth ratios
as large as ten. For example, the well detached component in
the red wing of the zabs = 1.5497 system has f = 0.6 (with
a typical error of 0.02), a residual intensity ratio ∼0.84 (with
a typical error of 0.02) and R(2796)'0.40 at the core of the
line. This implies that the contribution to this absorption comes
mainly from the line of sight toward A+C with the optical depth
along B being more than an order of magnitude smaller.

addition, when considering total equivalent widths, the consequence of contamination by weak lines is small unlike in the
case of the analysis of the residual intensities. The constrains
are much weaker however.
Let us assume that the absorption is saturated along
line of sight number one and optically thin along line of
sight number two. Therefore W1real (2796) = W1real (2803) and
W2real (2796) = 2×W2real (2803). The combined observed equivalent width ratio is:
1

W1real (2796) F1

3.3. Equivalent width ratio

W obs (2803)
2 + W2real (2796) F2
=
obs
W real (2796) F1
W (2796)
1 + W1real (2796) F
2

The precise determination of the strength of the absorption lines
along different lines of sight should await HST/STIS spectroscopic observations. Though we derived some information on
this in the previous section using the absorption line residual
intensities, the results depend crucially on the assumption that
the absorption lines are resolved. We can complement the previous analysis using the total equivalent widths and their ratios
without making any assumption about the spectral resolution In

where F1 and F2 are the fractional flux contributions of the
two distinct background sources. In Fig. 6, we have plotted
W1real (2796) /W2real (2796) versus W obs (2803) /W obs (2796)
for F1 /F2 = 0.65 (1 is B; 2 is A+C), 1 (1 is A or B+C; 2 is
B+C or A) and 1.5 (1 is A+C; 2 is B). The vertical dasheddotted lines correspond to the observed doublet ratios of the
systems at zabs = 1.221, 1.5523 and of the reddest component
of the zabs = 1.5497 system.

(4)

2
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Fig. 6. Equivalent width ratio of the Mg iiλ2796 absorption line along
two different line-of-sights 1 and 2 versus the observed doublet ratio
for three different flux ratios F1 /F2 = 0.65 (solid line), 1 (dashed-dotted
line) and 1.5 (dashed line). The Mg ii doublet is assumed to be saturated
along line-of-sight 1 and optically thin along line-of-sight 2. The doublet ratios observed for six Mg ii systems toward APM 08279+5255
are shown as vertical dashed-dotted and dotted lines for zabs < 1.5 and
zabs > 1.5 respectively. Redshifts are indicated next to the lines.

From Fig. 6, it can be seen that the zabs = 1.221 system
(doublet ratio of 0.96) requires the ratio of the equivalent widths
of Mg iiλ2796along the two lines of sight to be larger than 8.
and the column densities along the two sightlines differ by more
than an order of magnitude.

(qo = 0.5) between z = 1.22 and z = 2.04 and is more than an
order of magnitude smaller than the radius of Mg ii halos at
intermediate redshift. Although evolution is probable, it would
be really surprizing that the Mg ii systems studied here with
Wr < 0.5 Å at zabs > 1.2 have characteristic dimensions more
than an order of magnitude smaller than what is derived at lower
redshift. If true, this would suggest that the structure of the Mg ii
halos at these redshifts differs substantially from that at lower
redshifts.
A more likely explanation of these observations is that the
halos are composed of a collection of clouds (see Petitjean &
Bergeron 1990; Srianand & Khare 1994) and that individual
clouds cover only one sight line. The number density of clouds
is large enough so that the total covering factor of the halo is
close to one, consistent with observations of associated galaxies.
However, individual clouds, regularly spread over the velocity
profile by kinematics, cover only one image of the lens. The
number density of clouds is not large enough for the absorption
material to cover the two lines of sight at all velocities. The
distance over which the optical depth, and hence the column
density of Mg ii, changes by at least one order of magnitude
at zabs <1.7 is smaller than ∼ 1h−1
75 kpc. In contrast, the two
strong Mg ii systems at zabs = 1.06 and 1.18 (see below) have
covering factor equal to one (the lines are saturated and go to
the zero level) over more than 200 km s−1 . These latter systems
are likely to arise due to absorption through central regions of
galaxies where the number of clouds is so large that saturated
absorption occurs along both lines of sight whatever the radius
of the individual clouds might be.
4. The two Mg ii systems at zabs =1.062 and 1.181

3.4. Dimension of individual clouds
Rauch et al. (1999) have observed strong variations of C ii and
Si ii absorptions at z = 3.538 along two sightlines separated by
only 13h−1 pc. However, as the velocity difference between the
quasar and the system is only 6000 km s−1 , it cannot be excluded
that the latter system is somehow associated with the quasar.
Variations of the strength of metal line systems have also been
reported along adjacent lines of sight with larger separations
(5–10 kpc) by Monier et al. (1998) and Lopez et al. (1999).
Each time however a damped Lyman-α system is seen along
one of the sightlines. Contrary to these previous studies, the
Mg ii systems we examine here are most likely to be associated
with halos of intervening galaxies.
From the detection of associated galaxies, radii of the order of 35h−1 kpc have been derived for Mg ii halos producing
absorptions with equivalent widths Wr > 0.3 Å at z < 1 (Bergeron & Boissé 1991, Steidel 1993). Dimensions of the same
order have been derived from the study of Mg ii systems seen
along two lines of sight separated by 3 arcsec (Smette et al.
1995). The latter authors find a lower limit of 22 h−1
50 kpc for
the radius of Mg ii absorbers with Wr > 0.3 Å at 0.5 < z < 1.3.
If we assume that the lensing galaxy of APM 08279+5255
is at zlens ∼ 1 (see next section), the separation between the
two lines of sight to A and B decreases from 1.7 to 0.7 h−1
75 kpc

The presence of a strong Mg ii system (Wr λ2803 ∼ 2.4 Å) at
zabs ∼ 1.18 was already mentioned by Irwin et al. (1998). There
is an additional even stronger Mg ii system at zabs = 1.062
(Wr λ2803 ∼ 3.3 Å). Although the Mg ii lines are redshifted
in the Lyman-α forest and may be blended with Lyman-α intervening absorptions, the existence of the system is confirmed
by numerous lines redshifted redward of the quasar Lyman-α
emission. As the two brightest images of the lensed quasar have
similar magnitudes, it is expected that the lines of sight to both
images pass through the core of the lensing object where strong
Mg ii absorption is likely to occur. The gravitational lensing
may thus result from the cumulative effect of the two galaxies
associated with these two absorbing systems together with the
objects responsible for the possible system at zabs = 1.1727 (see
Sect. 3.1) and the other damped Lyα system at zabs = 2.974. Absorptions from Mg ii, Fe ii, Ca ii, Mn ii, Ti ii and Na i are seen
in both systems (see Figs. 7,8).
4.1. Na i absorptions
In both Mg ii systems, the weak Na iλλ3303,3303 doublet is
detected (see Figs. 7 and 9). The fact that the two lines of the
doublet are seen with consistent strengths gives confidence that
the identification is correct. We have identified lines from other
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Fig. 7. Absorption in a few transitions on a velocity scale with origin
at zabs = 1.06230. Vertical dashed lines mark velocity components
discussed in the text.

metal line systems in the vicinity of the doublet. The spectra of
APM 08279+5255 and the standard star are compared in Fig. 9
to rule out the possibility that the absorption features are of
atmospheric origin.
The column densities obtained by Voigt profile fitting are
large, log N (Na i) = 12.9 and 13.5 at, respectively, zabs = 1.0626
and 1.1801. The separation of the two principal lines of sight is
∼1.9h−1
75 kpc at z ∼ 1. It is therefore possible that the clouds
seen by their Na i absorptions do not cover the two brightest
lines of sight. In that case, however, the column density could
be even larger by a factor of two (see Sect. 4.4).
Using the measurements by Sembach et al. (1993) and
Diplas & Savage (1994), Bowen et al. (1995) find that, in our
Galaxy, log N (H i) = 0.688 log N (Na i) + 12.16. Note that
this correlation holds up to column densities log N (H i) > 21
(see e.g. Ferlet et al. 1985). Applying this correlation for the
zabs = 1.0626 and 1.1801 absorbers gives neutral hydrogen column densities of the order of log N (H i) ∼ 21.0 and 21.4 respectively, for gas-phase metallicities comparable to what is seen in
the interstellar medium in our Galaxy (the neutral hydrogen
column densities could be even larger if the metallicity in these
intermediate-redshift systems is smaller than in our Galaxy).
Such large values for N (H i) are supported by the column den-
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Fig. 8. Absorptions in a few transitions on a velocity scale with origin
at zabs = 1.18070. Vertical dashed lines mark velocity components
discussed in the text.

sities of other species that are found to be surprisingly close to
what is observed in typical interstellar clouds (see below and
Table 2). This leaves little doubt that the systems are indeed
damped Lyman-α systems.
In our Galaxy, such high Na i column densities are seen
only in dense and cool gas (see below). The typical b values
of the Na i diffuse components in both the local and low-halo
gas is about 0.7 km s−1 corresponding to T < 500 K (Welty et
al. 1994). Although the conclusion is very uncertain given the
resolution of the spectrum (R ∼ 37500) and the double nature
of the background source, the lines we observe are consistent
with b values as small as 1 km s−1 (see below). From this, we
derive an upper limit on the temperature of T < 2000 K.
4.2. Comments on each system
4.2.1. zabs = 1.062
A subset of the absorptions detected in this system is shown in
Fig. 7. It can be seen that strong (but unsaturated) absorptions
from Ti ii and Ca ii are detected. The profile of the Ti ii absorption is spread over about 250 km s−1 but does not show any
edge leading pattern (Prochaska & Wolfe 1998). We have selected to examine two components at zabs = 1.0613 and 1.0631
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4.2.2. zabs = 1.181
A subset of the absorptions detected in this system is shown in
Fig. 8. The profile of the Mg i absorption is spread over more
than 200 km s−1 but, as for the previous system, it does not
show any edge leading pattern. A number of absorption lines
are optically thin or moderately saturated and reliable column
densities can be derived even though difficulties arise from most
of the components being badly defined (see Fig. 8). We have
selected for study two subcomponents which are clearly seen
in all absorption profiles at zabs = 1.1799 and 1.1801. They
are indicated on Fig. 8 by vertical dashed lines, and the column
densities obtained from Voigt-profile fitting are given in Table 2.
Doppler parameters have been considered to be identical for all
species. For zabs = 1.1799 we find b = 2.5 km s−1 .
For the component at zabs = 1.1801 in which Na i absorption is detected, the Doppler parameter is estimated by fitting
the well-defined lines of the sodium doublet after having taken
into account the effect of Na iλ3303.3 being partially blended
with an atmospheric feature (see Fig. 9). We obtain a best value
−1
. The column densities derived using the
b = 1.1+1.0
−0.5 km s
two values b± 1σ differ by large factors. We have therefore refined the determination of b and N using the following indirect
argument.
The ratio of the Mg i to the Na i column densities in neutral
gas can be written
Mg i
Na
δMg
ZMg
N (Mg i)
=
×
×
×
,
N (Na i)
Mg
Na i
δNa
ZNa
Fig. 9. Portions of the APM 08279+5255 spectrum centered on the
expected positions of Na iλ3303.3 (top panel), Na iλ3303.9 (middle
panel) and Mg iλ2852 (bottom panel) at zabs = 1.181. The Na i component at zabs = 1.1801, detected by the two lines of the doublet is
indicated by a vertical dashed line. The spectrum of the standard star
is overplotted in the middle panel. Metal lines from other systems are
indicated by crosses.

because they show well detached absorptions in Ti ii, Mn ii,
Ca ii and/or Fe ii plus the component at zabs = 1.0626 in which
we see Na i. Column densities are listed in Table 2. We have
adjusted the best values for b from the fit to the lines that are free
of any blending, considering for simplicity that all species have
the same Doppler parameter and assuming complete coverage.
We find b = 1.5, 1.5 and 1.9 for, respectively, zabs = 1.0613,
1.0626 and 1.0631.
Ca i is not detected and the 3σ upper limit on the column density in the three components we have selected is < 10.43, 10.43
and 10.20. The Mg iiλ2796,2803 and Fe iiλλλ2382,2600,2586
lines are badly saturated. Moreover, they are redshifted in the
Lymanα forest, which prevents any fit of the lines. However,
the unsaturated Fe iiλ2260 features detected at zabs = 1.0613
and 1.0626 (see Fig. 7) give a reliable estimate of the Fe ii column density, log N (Fe ii) = 13.90±0.80 and 14.10±0.80 for
b = 1.5 km s−1 , the continuum being adjusted locally. The nondetection of Fe iiλ2367 at zabs = 1.0631 gives an upper limit
log N (Fe ii) < 14.60.

(5)

where δ is the depletion of the element due to the presence
of dust and Z the abundance. Assuming that (i) the relative
abundance of Na to Mg is solar, ZMg /ZNa = 19, (ii) the relative depletion into dust-grains is δMg /δNa > 0.3 (Savage &
Sembach 1996) and (iii) (Mg i/Mg ii)×(Na ii/Na i) > 0.15
in cold and neutral gas (Péquignot & Aldrovandi 1986), we
derive N (Mg i)/N (Na i) ≥ 0.8. This estimation is certainly
very approximate. However, this simple argument shows that
the latter ratio cannot be much smaller than 0.5. If we assume b = 1.5 km s−1 , then we find N (Mg i)/N (Na i) = 0.045
which is definitively too small. We therefore have fitted the
absorption lines decreasing b from 1.5 to 0.5 km s−1 to
find the largest N (Mg i)/N (Na i) ratio. We find a maximum
N (Mg i)/N (Na i) = 0.3 for b = 0.8 km s−1 , log N (Mg i) = 13.0
and log N (Na i) = 13.5.
4.3. Physical state of the gas
Table 2 contains the column densities measured in the five
subcomponents defined above. The penultimate column gives
for comparison the column densities measured by Welty et al.
(1999) in the neutral gas toward 23 Ori. This gas is found to have
temperature T ∼ 100 K, hydrogen density nH ∼ 10–15 cm−3
(and therefore total thickness of 12–16 pc) and electronic density ne ∼ 0.15±0.05 cm−3 . The last column of Table 2 gives the
measurements for the strongest component of the warm neutral
gas toward µCol (Howk & Savage 1999). This gas is found to
have T ∼ 6000–7000 K and ne ∼ 0.3 cm−3 . The two sets of
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Table 2. Column densitiesa
Redshift
HI
H2
Na I
Mg I
Mg II
Ca I
Ca II
Ti II
Mn II
Fe I
Fe II
CH+
CH

1.0613

1.0626

1.0631

1.1799

1.1801

<11.90
11.6:c

12.91±0.04
bl

<12.80
bl

<12.40
11.61±0.06

13.50±0.11
13.0±0.74

<10.43
11.31±0.11
11.80±0.05
bl
<11.50
13.90±0.80
<12.80
<13.40

<10.43
bl
<12.00
bl
<11.63
<14.10
<12.70
<13.60

<10.20
11.71±0.03
11.90±0.02
12.70±0.40c
<11.40
<14.60
<13.00
<13.50

<10.80
11.33±0.39
<11.66
bl
<11.40
13.36±0.07
<13.20
<13.40

<10.33
11.79±0.35
<11.20
bl
<11.50
<15.00
<13.30
<13.60

23 Orib

µCold

20.74
18.30
13.36
13.81
15.68
10.20
12.10
11.23
13.15
11.34
14.38
13.06
12.69

19.86
15.50
11.6e
12.55
15.08
12.19
11.78
12.48
14.13

a

logarithm of, in cm−2 ; Doppler parameters are taken to be b = 1.5, 1.5, 1.9, 2.5, 0.8 km s−1 for the five components respectively; the components
are assumed to cover all images;
b
Welty et al. (1999);
c
The continuum is fitted locally;
d
Howk et al. (1999);
e
Hobbs (1978). A sign “bl” means that no measurement is possible due to blending effects

column densities are similar except for N (Na i) which is much
smaller toward µCol. This illustrates directly that at least in the
component at z ∼ 1.1802 toward APM 08579+5255 where Na i
is detected, the gas is most likely to be neutral and cold. Moreover, note also that in our Galaxy, a ratio N (Na i)/N (Ca ii) > 1,
as observed at zabs = 1.1802 toward APM 08579+5255, is characteristic of cold gas in the disk. Indeed, along the line of sight
to the LMC, such large ratios are observed only at the systemic velocities of the LMC and the Galaxy; gas in between has
N (Na i)/N (Ca ii) < 1 (Vidal-Madjar et al. 1987, Vladilo et al.
1993).
From the upper limit on Ca i and Fe i we can derive, in the
components where N (Ca ii) and N (Fe ii) are measured, a lower
limit for the electronic density for a given ionizing field. Indeed,
ne = (X o /X + )×(Γ/α), where Γ is the photoionization rate and
α the recombination coefficient. The corresponding electronic
densities for a Galactic ionizing field (Péquignot & Aldrovandi
1986), are ne < 0.13 and 3 cm−3 for Fe and Ca at zabs = 1.0626
and 1.1801 respectively. Note that the determination of ne in the
interstellar medium from the ratio of singly ionized to neutral
species is highly uncertain probably because of contamination
of the singly ionized column density determination by adjacent
components (Welty et al. 1999). Writing the same relation for
sodium and equating the expression of ne obtained for sodium
and iron or calcium leads to upper limits on the Na i/Na ii
ratio which depends only on the shape of the ionizing spectrum
and not on its absolute value. With the only assumption that
the ionizing spectrum has the same shape as in our Galaxy and
using the coefficients derived from Péquignot & Aldrovandi
(1986; see Welty et al. 1999), we find log Na i/Na ii < −1.3 and
0.1 from the constraints obtained on Fe and Ca in the 1.0626
and 1.1801 systems respectively.

From N (H i) = N (Na i)×(Na/Na i)/Z(Na) and using the two
upper limits on the Na i/Na ii ratios derived above, we can write
N (H i) > 19.9 and 19.5/(Z(Na)/Z (Na))/δ(Na) at zabs = 1.0626
and 1.1801 respectively, where δ(Na) is the fraction of sodium
remaining in the gas phase after depletion into dust-grains. This
factor is equal to about 0.1 in the ISM (Savage & Sembach
1996). This adds support to arguments presented previously that
these systems are damped. To illustrate the discussion, simple
photo-ionization models using the code Cloudy (Ferland 1996)
have been constructed. The absorbing cloud is modelled as a
plane parallel slab with uniform density, solar chemical composition and neutral hydrogen column density 5×1020 cm−2 . The
elements are considered to be depleted into dust-grains as in the
cool cloud observed toward ζOph (Savage & Sembach 1996).
The shape of the UV flux is taken to be a power-law Fν ∝ ν −1.0 .
The resulting column densities of various species along a lineof-sight perpendicular to the slab are given versus the ionizing
parameter in Fig. 10. As discussed above, the N (Mg i)/N (Na i)
ratio can be smaller than one only if magnesium is more depleted into dust grains than sodium. Note that every model that
produces enough Na i has temperature less than 100 K.
Finally, we do not detect any CHλ4300 and CH+ λ4232
absorption. The limits on the column densities are log N (CH)
< 13.5 and log N (CH+ ) < 13.0 at both zabs = 1.06 and 1.18 (see
Table 2). This is just what would be expected in our Galaxy along
an otherwise similar line of sight. Indeed, along the line of sight
to 23 Ori, log N (CH+ ) = 13.06 and log N (CH) = 12.69 (Welty
et al. 1999; see Table 2). More generally, the column density
of CH is observed to increase from 1.5 to 7.5×1013 cm−2 for
lines of sight with EB−V increasing from 0.5 to 1.5 (Gredel et
al. 1993). It would be of prime interest to obtain better data in
this wavelength range to better constrain the molecule column
densities.
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blend at ∆v = −60 km s−1 (see Fig. 8). For the component at
zabs = 1.1801, we obtain log N (Mg i) = 13.8.
Note that in this case, the Na i and Mg i column densities are
nearly identical to what is observed toward 23 Ori (see Table 2).
We therefore conclude that N (Mg i)/N (Na i) ∼ 1 is a robust
measurement in this system.
Mg i is the line with the largest saturation among those used
to derive column densities quoted in Table 2. Therefore, the
column densities derived from weaker lines should not differ
from what is quoted in Table 2 by more than a factor of two.

14

4.5. Metallicity and dust content
12

10
-4

-3.5

-3

-2.5

-2

log Ionization parameter

Fig. 10. Results of photoionization models with Z = Z , log N (H i)
= 20.7, constant density and plane parallel geometry. Depletion into
dust-grains is assumed to be the same as in the cool cloud toward ζOph
(Savage & Sembach 1996). Column densities are given versus ionization parameter; the shape of the UV flux is a power-law Fν ∝ ν −1.0 .

4.4. Consequence of partial covering factor
From the detection of the Na iλλ3303.3,3303.9 doublet, we can
derive that the two components at zabs = 1.0626 and 1.1801 arise
in cold, dense and neutral gas (see Sect. 4.3). It is therefore possible that the dimension of the cloud is less than ∼1.9 kpc which
is the separation of the lines of sight to the two brightest images
at the redshift of the absorber assuming that the lensing object
is at the same redshift. Indeed, large variations of Na i column
density have been reported in the nearby interstellar medium on
very small scales (Meyer & Lauroesch 1999). We have therefore
investigated the impact on the column density measurements of
the assumption that the cloud covers the three images. If it is
the case that the cloud covers only one of the images the column density is larger. The discrepancy cannot be very large,
however, as most of the lines used for column density determination are weak. The strong lines are completely saturated and
blended, which prevents in any case any determination of the
line parameters.
We have considered the Mg i and Na i lines in the zabs = 1.1801
component. It can be seen on Fig. 8 that if only one image is
covered, it cannot be the brightest as the residual normalized
flux in the Mg i absorption is smaller than 0.5. As the flux ratio
of the two brightest components is 1.2, we artificially placed the
zero level at 0.4 on the scale of Fig. 8. Voigt profile fitting of the
Na i doublet gives log N (Na i) = 13.7 and b = 1 km s−1 which
is within a factor of two of what has been derived previously
(see Table 2). Four components have been used to fit the Mg i

In the following we use the conventional definition [X/H] =
log(Z/Z ), with Z(X) the metallicity of species X relative to
hydrogen. Ca ii and Ti ii are both detected at zabs = 1.0613
and 1.0631. The column densities are consistent with what is
seen in the interstellar medium of our Galaxy (Stokes 1978; see
Table 2). However, log N (Ca ii)/N (Ti ii) ∼ −0.5 and −0.2 at,
respectively, zabs = 1.0613 and 1.0631 when the relative solar
metallicity is log Z (Ca) − log Z (Ti) = 1.38. Various explanations for this discrepancy can be invoked, amongst them the
most likely are: (i) Calcium is mostly in the form of Ca iii, (ii)
Calcium is more depleted into dust-grains than Titanium. Note
that the relative metallicities [Ca/Fe] and [Ti/Fe] are both observed to be ∼+0.3 for [Fe/H] < −1 in late-type stars (Thévenin
1998). Note also that the Ca iii/Ca ii ratio derived in our Galaxy
is in the range 5–10 which is much smaller than the discrepancy
mentioned above. This favors the explanation that Calcium is
heavily depleted into dust-grains (see below).
In the zabs = 1.0631 component, Mn ii is also seen
and log N (Mn ii)/N (Ti ii) ∼ +0.8. As the solar metallicity of Mn is −6.47, the relative solar metallicity is
log Z (Mn) − log Z (Ti) = = +0.6. This is consistent with
similar depletion of Mn and Ti as observed in warm gas (Savage & Sembach 1996). Therefore, in this component, we cannot
rule out that the low Ca ii column density is due to ionization.
In the zabs = 1.0613 component, Fe ii is also seen with
log N (Fe ii)/N (Ti ii) ∼ +2.1. The solar metallicity of iron
and titanium are, respectively, −4.49 and −7.07 and the relative solar metallicity is log Z (Fe) − log Z (Ti) = +2.58.
There is no differential ionization correction for these two elements. The discrepancy, ∼+0.5 dex, between the two ratios can
only be explained by a larger depletion of titanium compared
to iron into dust-grains by ∼0.5 dex as in the cool gas of the
ISM (Savage & Sembach 1996). Indeed, from nucleosynthesis
alone, we would expect titanium to be enhanced compared to
iron (Thévenin 1998) contrary to what is observed. We therefore conclude that depletion into dust-grains is present in this
system. The low Ca ii column density can indeed be explained
by a large depletion of calcium into dust-grains as is observed
in the ISM.
The fact that Ti ii is not detected in the zabs = 1.18 system
is surprising, although the limit on the column density is not
stringent and only a factor of four smaller than what is seen in
the zabs = 1.06 components.
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The presence of dust is supported by the analysis of the column
density ratios in the zabs = 1.0626 and 1.1801 components where
Na i absorption is detected. Indeed, we can compute for different
elements the quantity N = 10[X/H] ×N (H i) which is the H i
column density of a cloud with solar metallicity that would have
the same column density of element X as the observed one. We
compute,


X 1 1
(6)
logN = [X/H] + logN (HI) = log N (Xi ) i
X δ Z (X)
where Z is the solar metallicity and 1-δ the fraction of the element tied up into dust-grains. We assume solar metallicity and
depletion pattern given in Table 5 of Savage & Sembach (1996).
Solar metallicities relative to hydrogen for Na, Fe, Ca and Ti are,
respectively, −5.69, −4.49, −5.66 and −7.07. If we assume that
the absorption arises in cool gas similar to the gas seen in front
of ζOph, we find that at zabs = 1.1801, log N >20.44, <21.80,
<21.18, <21.30 from Na, Fe, Ca and Ti and at zabs = 1.0626,
log N >20.85, = 20.86, <22.10 from Na, Fe and Ti respectively.
These consistent results suggest that, in the zabs = 1.0626
and 1.1801 components, log N (H i) + [X/H] ∼ 21 and the depletion into dust-grains is similar to what is seen in cool Galactic
interstellar clouds. If the relation of Bohlin et al. (1978) holds,
this implies a color excess EB−V ∼ 0.2 with the only assumption
that the overall dust-to-metal ratio does not depend on metallicity. At the wavelength of the Mg ii absorption, (λz=1 ∼ 3000 Å;
QSO
15
Hz) this would induce an exλQSO
rest ∼ 1200 Å; νrest ∼ 2×10
QSO
∼ 1014 Hz, the
tinction of about 1 mag (Seaton 1979). At νrest
extinction would be negligible. Note that there is some evidence
that νFν decreases by a factor of two from 1015 to 1014 Hz in
the APM 08279+5255 SED (Lewis et al. 1998).
The amount of dust suggested by the previous discussion
is significant. We have therefore searched the spectrum of the
quasar for some signature of this amount of dust. For this, we
have compared the spectrum of APM 08279+5255 with the
composite QSO spectrum obtained with the FOS-HST (Zheng
et al. 1997) attenuated by dust with optical depth τdust (λ) at the
observed wavelength λ,


 
N
λ
(7)
ξ
τdust (λ) = k
1021 cm−2
1+z
where ξ(λ) is the ratio of the extinction at the wavelength λ to that in the B-band as observed in our Galaxy,
k = 1021 cm−2 τB /N (H i) is the dimensionless dust-to-gas ratio
and N the H i column density (e.g. Pei et al. 1991, Srianand &
Kembhavi 1997). We assume here log N (H i) = 21. The redshift of the QSO is taken to be zQSO = 3.91 and that of the
absorber zabs = 1.1. The results are shown in Fig. 11 where the
spectrum of APM 08279+5255 as observed over part of the
R-band (solid line) is plotted together with the composite HSTFOS QSO spectrum attenuated by dust with optical depth in the
B-band τdust (B) = 0.1, 0.2 and 0.3. It is apparent that the best
fit is obtained with τdust (B) ∼ 0.3. In our Galaxy, this would
correspond to about EB−V ∼ 0.1. This is two times smaller
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than what has been derived above. This suggests that the dust to
metal ratio in the redshifted gas is about half that in our Galaxy.
Altogether we find that the H i column density at z = 1 is of
the order of 1×1021 cm−2 to 5×1021 cm−2 , the corresponding
metallicity is in the range 1–0.3 Z , the dust-to-metal ratio is
about half that in our Galaxy and the relative depletion of species
into dust-grains is similar to what is observed in cool gas in the
disk of our Galaxy.
The colors of the images derived from HST imaging are
nearly identical (Ibata et al. 1999). The differential reddening
over kpc scales is smaller than 10%. This indicates that, although
the medium is highly inhomogeneous, the extinction is fairly
uniform over distances of the order of the separation between
the lines of sight. It must be noted that the number of components
in the two strong Mg ii systems must be quite large. Indeed, the
Mg ii absorptions reach the zero level over ∼200 and 350 km s−1
at, respectively, zabs = 1.181 and 1.062. One single component
cannot be much larger than about ∼10 km s−1 and therefore
the number of components is larger than 20 and 40 respectively
along all three lines of sight. This is probably larger than what
is seen in the disk of our Galaxy (Sembach & Danks 1994).
Therefore, it may well be possible that the total reddening we
see is not due to one strong component only but rather is due to
the accumulated effect of a large number of diffuse clouds with
small and similar extinctions. As the number of clouds is large
and similar along the different lines of sight, the differential
extinction is small. To probe this, higher S/N ratio data should
be obtained in the region of the Na i absorption to investigate
what is the velocity spread of this absorption.
4.6. Nature of the systems
Churchill (1999) has shown that Mg ii systems at intermediate
redshift can be classified in five categories: DLA, Double, Classic, C iv deficient and Weak. The first class is characterized by
strong Mg ii absorption saturated over ∼150 km s−1 and, when
observed, the Lyman-α line is damped. The Double systems are
characterized by kinematic velocity spreads up to 400 km s−1 .
Other classes correspond to much weaker systems.
The system at zabs = 1.181 would be classified as Double
(see Fig. 8): it has Mg iiλ2796 absorption saturated over more
than 150 km s−1 in total. The characteristic double profile is very
similar to that of the system at zabs = 1.17 toward Q 0450–132
(see Petitjean et al. 1994). The system at zabs = 1.062 would be
classified as DLA, as the Mg ii absorption is continuously saturated over more than 300 km s−1 (see Fig. 7). To our knowledge,
this system has one of the strongest Mg ii absorption features
known (Wr ∼ 3.3 Å). As seen from Fig. 7, the Ti ii absorption
spans ∼ 300 km s−1 and coincides exactly with the saturated
part of the Mg ii absorption.
At high-z, Prochaska & Wolfe (1998) have shown that most
of the low-ionization absorptions associated with DLAs, have
an edge-leading profile, possibly revealing large-scale rotational
motions. They conclude that DLA systems arise in large rotating disks. Haehnelt et al. (1998) have claimed that the observed
profiles can be reproduced as well if the line of sight passes
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Fig. 11. Spectrum of APM 08279+5255 as observed over part of the
R-band (solid line) plotted together with the composite QSO spectrum
obtained from FOS-HST observations (Zheng et al. 1997) and attenuated by dust with optical depth in the B-band, τdust (B) = 0.1 (a), 0.2
(b) and 0.3 (c; see text). The Galactic extinction curve is assumed.

through several interacting blobs. Indeed, Ledoux et al. (1998a)
have shown that the observed profiles are consistent with rotation when they span less than ∆V ∼ 150 km s−1 . For larger
velocity spreads, several sub-systems are usually seen.
The characteristic edge-leading profile is seen in the
zabs = 2.974 system (see below, Fig. 12) but not in the
zabs = 1.062 and 1.181 Mg ii systems. The large spread of
the profiles (> 200 and 300 km s−1 ) is more reminiscent of the
profile seen toward the supernova SN 1993J in the large nearby
spiral galaxy M 81. The latter is part of a complex interacting group together with M 82, NGC 3077 and NGC 2976 with
tidally stripped H i linking individual galaxies over an area of
∼50×100 kpc2 (Yun et al. 1994). The Mg ii absorption is characteristic of the Double class as defined by Churchill (1999).
It is spread over ∼400 km s−1 with two strong saturated absorptions of width, respectively, ∆V ∼ 150 and 90 km s−1 , and
separated by ∼180 km s−1 (Bowen et al. 1995). Most of the
absorption is due to tidal debris expelled outside the disks of
the interacting galaxies.
In the case of the zabs = 1.062 system, the Mg ii absorption does not show any sub-structure. Such strong absorption is
expected to occur in the central part of galaxies. Although the
statistics are very poor, it seems that when strong absorption
occurs, the equivalent width of the absorption is anti-correlated
with the impact parameter between the line of sight and the
center of the galaxy (Bowen et al. 1995). The impact parameter
could be as low as 1 kpc for a system with Wr ∼3 Å. The separation between the two bright images of APM 08279+5255 is

Fig. 12. Absorptions in a few transitions on a velocity scale with origin
at zabs = 2.974. Vertical dashed lines mark the position of the strongest
components.

∼1.9h−1
75 kpc at z ∼ 1. This suggests that the object giving rise
to the zabs = 1.06 Mg ii system could be nearly exactly aligned
with the quasar.
5. The system at zabs = 2.974
There is a strong absorption feature with Wobs > 19 Å at
λ = 4831 Å. It corresponds to H i Lyman-α at zabs = 2.974. The
only possibility of coincidence with a BAL transition could be
Lymanβ at zabs = 3.71 but there is no corresponding Lymanα
transition (see Srianand & Petitjean 2000). Although the redwing of the absorption has the characteristic shape of a damped
transition, uncertainties in the continuum determination prevent
an accurate determination of the column density. Associated absorptions from Al ii, Fe ii, Si ii, C ii and O i are detected in four
components spanning ∼100 km s−1 (see Fig. 12). By fitting the
Lyman-α line, we estimate that the total H i column density in
the four components is in the range 19.8 < log N (H i) < 20.3.
It is important to note that there is no evidence that the cloud
does not cover the three lines of sight which are separated by
∼ 200h−1
75 pc at the redshift of the absorber. Indeed, the core of
the H i absorption is black over ∼ 15 Å. Column densities integrated over the absorption profiles have been obtained for all
species and summarized in Table 3. Column #3 of Table 3 gives
the abundance of the element assuming that log N (H i) = 20.3
in the cloud and that the observed ion is the dominant species.
Given the uncertainty in the neutral hydrogen column density,
the absolute values are unreliable and could be 0.5 dex higher.
Column #4 and #5 of Table 3 give the solar metallicity and the
metallicity relative to solar respectively. It is remarkable how
consistent the measurements are, which point toward metallic-
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Table 3. Column densitiesa in the zabs = 2.974 system
Species
HI
C ii
Oi
Al ii
Si ii
Fe ii
Zn ii
Ni ii
a
b
c

log N
(cm−2 )
19.8–20.3
14.5
14.8:
12.5
13.8
13.5
<11.8
<12.5

Zb

−5.80
−5.50
−7.78
−6.55
−6.80
< −8.50
< −7.80

Z

−3.45
−3.13
−5.52
−4.45
−4.49
−7.35
−5.75

[X/H]b,c

−2.35
−2.37
−2.26
−2.10
−2.31
< −1.1
< −2.0

logarithm of, in cm−2 ;
log N (H i) = 20.3 is assumed;
typical errors are ±0.3 dex.

ities less than 10−1.5 Z . The low metallicities are not due to
depletion into dust-grains. Indeed, the relatively small neutral
hydrogen column density implies that column densities of relatively abundant elements can be measured. It is apparent that
iron is not depleted compared to carbon or oxygen and that the
amount of dust in this cloud must be very small.
Metallicity in damped Lyman-α systems is usually measured using zinc, an element that is not very much depleted
into dust-grains in our Galaxy and, because it has relatively low
metallicity compared to other elements, induces non-saturated
absorptions even for clouds of high hydrogen column density.
There is barely no evolution in the measured Zinc metallicity
from z ∼ 1 to z ∼ 3 (Pettini et al. 1997, 1999). At z > 3, in
most damped Lyman-α studied up to now, zinc is not detected.
This is most probably a consequence of limited S/N ratio of the
data however. Indeed, the detection limit of most of the spectra
is log N (Zn ii) ∼ 11.5 which means [Zn/H] < −1.4 (see e.g.
Prochaska & Wolfe 1997). It can be noted that in the system
at zabs = 2.974 toward APM 08279+5255, the limit on zinc
is of this order. However, as we can measure metallicities for
more abundant elements, we know that metallicities are less than
−1.5. For such abundances, zinc would have been detectable in
the spectrum of APM 08279+5255 only for H i column densities larger than 1021 cm−2 . It is therefore possible that the
upper limit found for the zinc metallicity at z > 3 in previous
surveys is indicative of a true evolution of the metallicity in individual systems (see also Prochaska & Wolfe 2000; Savaglio
et al. 1999). This should be checked by measuring in the same
systems abundances of species like carbon, aluminium, silicon
and iron.
6. Conclusion
The doublet ratio of several intervening Mg iiλλ2796,2803 systems along the line of sight to APM 08279+5255 is observed
close to unity, indicating saturation of the lines, whereas the
depth of the lines is close to 0.5 in the normalized spectrum
(see Fig. 1). This can be understood if the absorption profile is
made of components with arbitrarily small Doppler parameters
(b ∼ 1–1.5 km s−1 ). This would imply however a surprisingly
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low temperature (1500–3000 K) when the gas is expected to be
heated by photo-ionization to temperatures larger than 104 K
(e.g. Petitjean et al. 1992). A more likely explanation of these
observations is that Mg ii galactic halos are composed of a
collection of clouds each of them having dimensions less than
∼1 kpc. Individual clouds, regularly spread over the velocity
profile by kinematics, cover only one of the two brighest image of the lensed quasar. The number density of clouds is not
large enough for the absorption material to cover the two lines
of sight at all velocity positions. The total covering factor of
the halo however is close to one, consistent with observations
of associated galaxies at intermediate redshift. In contrast, the
two strong Mg ii systems at zabs = 1.06 and 1.18 have covering factor equal to one (the lines are saturated and go to the
zero level) over more than 200 km s−1 . These latter systems
are likely to arise due to absorption through the central part of
galaxies where the number of clouds is so large that saturated
absorption occurs along both lines of sight whatever the radius
of the individual clouds might be.
Models by Mo & Miralda-Escudé (1996) have shown that
halos with small rotation velocity (< 100 km s−1 ) should contribute little to the total cross-section of Mg ii systems as they
have dimensions as small as 5 kpc. This conclusion is probably
true at z < 1 (see also Churchill et al. 1996). It is however interesting to note that most of the z > 1 Mg ii systems studied
here (see Fig. 1) are spread over much less than 100 km s−1 .
Moreover, they have equivalent widths Wr ∼ 0.43, 0.37, 0.12,
0.99, 0.28 and 0.17 Å at zabs = 1.211, 1.5497, 1.5523, 1.813,
2.0418 and 2.0668 respectively. Therefore the systems we see
have similar strengths as the systems which, at lower redshift,
are associated with large halos of galaxies. In particular, they
are generally stronger than the weak Mg ii systems studied by
Churchill et al. (1999). This means that, contrary to what is seen
at lower redshift, these systems could be associated with halos
of low rotation velocity (< 100 km s−1 ) and thus small radii.
The two strong Mg ii systems at zabs = 1.06 and 1.18 are
studied in detail. Absorption from Ca ii, Mg i, Ti ii, Mn ii and
Fe ii have been observed in several damped Lyman-α systems
over a large range of redshift (Meyer et al. 1995, Lu et al. 1996,
Vladilo et al. 1997, Proschaska & Wolfe 1997, Churchill et al.
2000). This is, however, the first time that Na i is also detected
at such redshift, thanks to the combination of high S/N ratio and
high spectral resolution. This additional strong constraint shows
that the gas in these systems is cool and neutral. Indeed, similar
column densities are observed in our Galaxy for Ca ii, Mg i, Ti ii,
Mn ii and Fe ii in warm and cool gas clouds toward, respectively,
µCol and 23 Ori. Only the Na i column density differs; it is
more than an order of magnitude larger through the cool cloud.
Doppler parameters as low as b ∼ 1 km s−1 are derived from
Voigt-profile fitting of isolated subcomponents. We find that the
H i column density at z = 1 is of the order of 1 × 1021 cm−2
to 5 × 1021 cm−2 , the corresponding metallicity is in the range
1–0.3 Z , the dust-to-metal ratio is about a third that in our
Galaxy and the relative depletions of iron, titanium, manganese
and calcium are similar to those in cool gas in the disk of our
Galaxy. The dust-to-metal ratio measured here is similar to what
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is derived in most of the damped Lyman-α systems (Vladilo
1998, Savaglio et al. 1999). The presence of dust is supported by
the reddening of the QSO spectrum over the R-band. These are
probably amongst the most metal and dust-rich damped Lymanα systems at z ∼ 1. The dust depletion pattern is similar to that
observed in cool gas in the Galaxy. All this is consistent with
the finding by Petitjean et al. (1992) that although most of the
damped Lyman-α systems arise in warm gas, the highest column
densities are due to a collection of clumps that condense out of
the warm phase due to thermal instability (see also Lane et al.
2000).
Another damped Lyman-α system is seen at zabs = 2.974
with 19.8 < log N (H i) < 20.3. As the Lyman-α line is black
over about 15 Å, the cloud must cover the three QSO images.
The transverse dimension of the absorber is therefore larger
than 200 h−1
75 pc. Column densities of Al ii, Fe ii, Si ii, C ii
and O i indicate abundances relative to solar of −2.31, −2.26,
−2.10, −2.35 and −2.37 for, respectively, Fe, Al, Si, C and
O (for log N (H i) = 20.3). Metallicities are therefore less than
10−1.5 Z and, if any, the amount of dust in the cloud is very
small, as are any deviations from relative solar abundances. It
seems likely that the difficulty to detect Zinc in several damped
Lyman-α systems at z > 3 in previous surveys is indicative
of a true cosmological evolution of the metallicity in individual systems (see also Prochaska & Wolfe 2000, Savaglio et al.
1999). This should be checked by measuring in the same systems abundances of species like carbon, aluminium, silicon and
iron.
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Bergeron J., Boissé P., 1991, A&A 243, 344
Bohlin R.C., Savage B.D., Drake J.F., 1978, ApJ 224, 132
Bowen D.V., Blades J.C., Pettini M., 1995, ApJ 448, 634
Carswell R.F., Webb J.K., Baldwin J.A., Atwood B., 1987, ApJ 319,
709
Churchill C.W., 1999, astro-ph/9909426
Churchill C.W., Mellon R.R., Charlton J.C., et al., 2000, ApJ submitted
Churchill C.W., Rigby J.R., Charlton J.C., Vogt S.S., 1999, ApJS 120,
51
Churchill C.W., Steidel C.C., Vogt S.S., 1996, ApJ 471, 164
Diplas A., Savage B.D., 1994, ApJS 93, 211
Ellison S.L., Lewis G.F., Pettini M., et al., 1999a, PASP 111, 946
Ellison S.L., Lewis G.F., Pettini M., et al., 1999b, ApJ 520, 456
Elvis M., Wilkes B.J., McDowell J.C., et al., 1994, ApJS 95, 1
Ferland G.J. 1996, “HAZY a Brief Introduction to Cloudy”, Univ.
Kentucky, Dept. Physics & Astron.. Internal rep.

Ferlet R., Vidal-Madjar A., Gry C., 1985, ApJ 298, 838
Fontana A., Ballester P., 1995, The Messenger 80, 37
Gredel R., van Dishoeck E.F., Black J.H., 1993, A&A 269, 477
Haehnelt M.G., Steinmetz M., Rauch M., 1998, ApJ 495, 647
Hobbs L.M., 1978, ApJ 222, 491
Howk J.C., Savage B.D., Fabian D., 1999, ApJ 525, 253
Ibata R.A., Lewis G.F., Irwin M.J., Lehár J., Totten E.J., 1999, AJ 118,
1922
Irwin M.J., Ibata R.A., Lewis G.F., Totten E.J., 1998, ApJ 505, 529
Lane W.M., Briggs F.H., Smette A., 2000, ApJ 532, L146
Ledoux C., Petitjean P., Bergeron J., Wampler E.J., Srianand R., 1998a,
A&A 337, 51
Ledoux C., Thédore B., Petitjean P., et al., 1998b, A&A 339, L77
Lespine Y., Petitjean P., 1997, A&A 317, 416
Lewis G.F., Chapman S.C., Ibata R.A., Irwin M.J., Totten E.J., 1998,
ApJ 505, L1
Lopez S., Reimers D., Rauch M., Sargent W.L.W., Smette A., 1999,
ApJ 513, 598
Lu L., Sargent W.L.W., Barlow T.A., Churchill C.W., Vogt S.S., 1996,
ApJS 107, 475
Meyer D.M., Lanzetta K.M., Wolfe A.M., 1995, ApJ 451, L13
Meyer D.M., Lauroesch J.T., 1999, ApJ 520, L103
Mo H.J., Miralda-Escudé J., 1996, ApJ 469, 589
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