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Abstract. We report on high spectral resolution observations The kinematics of the low and high ionization species are
of five damped Lymanx absorbersz,;,s = 3.0248 toward Q found to be statistically correlated, though the high-ionization
0347-383,2.,s = 2.1411 and 2.8112 toward Q 0528-25(yhase has a much more disturbed kinematical field than the low-
Zabs = 2.6184 toward Q 0913+072, ang,s = 2.5226 toward ionization phase. This should be taken into accountin any model
Q 1213+093. Line velocity profiles and heavy element abuof high redshift damped Lyman-systems.

dances are discussed.

Nitrogen is found to have abundances less than silicon in @Y words: quasars: absorption lines — quasars: individual:
systems toward Q 0347383, Q 0913+072, and Q 1213+093Q 0347-383; Q 0528-250; Q 0913+072; Q 1213+093 — galax-
The absorber toward Q 0913+072 is the most metal-deficid@$: halos
damped system known, with [Fe/H] —3.2. The simple kine-
matical structure of the metal absorptions makes this system
ideal to discuss the [O/Si] and [N/O] ratios. We find [O/H]. Introduction

~ —2.7and-2.7< [Si/H] < —2.2. b dL h fter DLA) syst " I
- . . . amped Lymanx (hereafter systems are characterize
By combining these data with information gathered in the . 0 :
literature, we study the kinematics of the low and high ionizr%_yahydrogen column densify(H ) > 10°° cm . The optical

tion phases in a sample of 26 damped Ly stems in the epth at the Lyman limit is large enough so that hydrogen is

. . neutral. The gasis either cold & 1000 K) orwarm{’ ~ 10* K)
redshift range 1'1774138' We note a strong correlation b?tweelnorthe highest or lowest column densities respectively (Petitjiean
the velocity broadenings of the $A1808 and FerA1608 lines

) . . . . etal/1992). As a consequence of the shape of the column density
whatever the line optical depth, implying that the physical co istribution, dn/dN'dz < N~ with 3 ~ 1.5, mostofthe mass s

ditions are quite homogeneous in the sample. Statistically tlr'ﬁhe systems of highest column densities. The number density

sho_w§ that large V"’.‘“a‘.'O”S of abur!dance rat|.os and thus lacry%ne latter decreases with time presumably as a consequence of
variations of depletion into dust grains are unlikely. The veloc;

ity broadening of the absorption lineAY, is correlated with Star-formation (Wolfe et al. 1986; Lanzetta ef al. 1995). Indeed,

the asymmetry of the lines fakV’ < 150 km s-1. The broader the cosmic density of neutral hydrogen in DLA absorbers at

. o : z ~ 3 is similar to that of stars at the present time (e.g. Wolfe et
the line the more asymmetric it is, as expected in case rotatign . . o i =
. ) . . . al. 1995, Storrie-Lombardi et al. 1996; see also Turnshek|1997).
dominates the line broadening. However this correlation does . . )
Metallicities and dust content have been derived from zinc

not hold for largerAV suggesting that evidence for rotational ' . L
motions is restr?cted o vegllgcity b?oadenirrg$/< 150kmsL. and chromium observations (Meyer et[al. 1989; Pettini et al.

A : i id-
The systems witi\V > 200 km s-! are peculiar with kinemat- 1994)19974; Lu et al. 1996b). The [Zn/Cr] ratio can be consid

. : . . ered as an indicator of the presence of dust if it is assumed, that,
ics consistent with random motions. They show sub-systems as.

} . . .~ Tas’in our Galaxy, zinc traces the gaseous abundances whereas
those expected if the objects are in the process of merging. chromium is heavily depleted into dust-grains. Although these
Although the sample is not large enough to draw firm coRgsymptions have been questioned by Lu et[al. (1996b) and
clusions, there is a 'Frend for the mean velocity broadening gpochaska & Wolfe (1997a), counterarguments have been given
decrease with redshift from 80 kmsatz < 2.2t0 50 kms* by pettini etal [(1997b). The typical dust-to-gas ratio determined
atz >2.2. this way is of the order of 1/30 of the Milky Way value (Pettini
et al[1997; see also Vladilo 1998). The corresponding amount
Send offprint requests 1€. Ledoux, (cedric@astro.u-strasbg .fry ~ Of dust could bias the observed number density of DLA systems
* Partly based on observations carried out at the European SoutHgrall & Peil1993) and solve the G-dwarf problem (Lanzetta et
Observatory, La Silla, Chile. al.[1995). Metallicities are of the order of a tenth solar with a
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Table 1.Journal of observations

Object my Zem Date Instrument Resolution  Wavelength S/IN
range )
@) ) 3 “) ) (6) Q) 8

Q0347-383 17.30 3.230 20/08/90 CASPEC 13000 4250-6100 12 (25)
16/12/92 EMMI-R 33000 6100-9900 12 (19)
Q0528-250 17.24 2.779 16/01/89 CASPEC 13000 3650-5100 10(18)
16/12/92 EMMI-R 33000 5795-9900 13 (25)
26/02/95 CASPEC 20000 3650-5095 13 (26)
19/11/95 CASPEC 35000 3750-4875 14 (20)
Q0913+072 17.10 2.785 16/01/91 CASPEC 13000 4150-5600 15 (37)
16/12/92 EMMI-R 33000 5800-9900 13 (23)
26/02/95 CASPEC 20000 3900-5095 12 (20)
Q1213+093 17.20 2.719 26/02/95 CASPEC 20000 3900-5120 12 (38)

tendency for decreasing metallicity fromv 2 to 2 2 3 (Pettini address this problem. We present the observations in Sect. 2,
et al. 1997b; see Boiéset al[ 1998 for lower redshift). At anyand analyse the velocity profiles and the abundances in Sects. 3
redshift however, the scatter is large and it may be hasardouamnal 4. In Sect. 5, we construct an homogeneous sample of 26
draw prematured conclusions from the small sample availabégh-redshift DLA systems, and discuss the kinematics of the

Recently, Prochaska & Wolfe (1997b) have used Keck spdaw and high ionization species. We draw our conclusions in
tra of 17 DLA absorbers to investigate the kinematics of tHgect. 6.
neutral gas using unsaturated low-excitation transitions such
as SiiA1808. They show that the absorption profiles are ir&— Observations
consistent with models of galactic haloes with random motions,
spherically infalling gas and slowly rotating hot disks. The CDMhe data were collected at the F/8 Cassegrain focus of the 3.6m
model (Kauffmann_1996) is rejected as it produces disks witblescope, and at the Nasmyth focus of the 3.5m NTT telescope
rotation velocities too small to account for the large observed the La Silla observatory, ESO Chile. Blue spectra were ob-
velocity broadening of the absorption lines. Models of thictained with the ESO echelle spectrograph (CASPEC). A300line
disks ¢ ~ 0.3R, whereh is the vertical scale an& the radius) mm~! cross disperser was used in combination with a 31.6 line
with large rotational velocityy( ~ 225 km s'1) can reproduce mm~! echelle grating. For Q 0347-387 and Q 0913+072, the
the data (see also Prochaska & Wolfe 1998). In a subsequestiector was a RCA CCD with 640x1024 pxI of /& square
paper however, Haehnelt et al. (1998) use hydrodynamic siamd a read-out noise of 25 electrons rms. The resolution was
ulations in the framework of a standard CDM cosmogony t8 = 13000. Additional data were obtained on Q 0528-250,
demonstrate that the absorption profiles can be reproducedd®913+072 and Q 1213+093 with higher spectral resolution
a mixture of rotational and random motions in merging protg¢f = 20000;R = 35000 for Q 0528—250 as well). In this case, a
galactic clumps. The typical virial velocity of the halos is abouektronix CCD with 568x512 pxl of 27Zm square and a read-
100 km s, out noise of 10 electrons was used. Three spectra were obtained

The fact that damped systems originate in thick disks hsough the red arm of the ESO multi-mode instrument (EMMI)
been questioned previously. In particular, the metallicity distiin the echelle spectroscopic mode. A standard grism was used as
bution of DLA systems is inconsistent with that of stars in theross disperser in combination with the echelle grating # 10 and
thick disk of our Galaxy (Pettini et al. 1997b; see however Wol# slit width of 2 arcsec, resulting in a resolution/®f= 33000.

& Prochaska 1998). Arguments in favor of DLA systems bé&-he detector was a Thomson THX31156 with 1024x1024 pxI
ing associated with dwarf galaxies have also been revieweddiyl9u:m square and a read-out noise of 5 electrons rms. For
Vladilo (1998). However, it has been shown recently that DLAach exposure on the object, flat-field images and a wavelength
systems at intermediate redshift are associated with galaxiesa@fparison Thorium-Argon spectrum were recorded. The ac-
very different morphologies (Le Brun et al. 1997). This stronglyuracy in the wavelength calibration measured on the calibrated
suggests that the objects associated with high-redshift DLA althorium-Argon spectra is about a tenth the resolution quoted
sorbers are progenitors of present-day galaxies of all kinds. above.

The discussion of whether high redshift DLA absorption The observation log is given in Talale 1. The magnitudes and
systems are produced in large, fast rotating disks or in buildiggasar redshifts are taken from Junkkarinen ef al. (1991). The
blocks of galaxies is important since it is related to how presemtean signal-to-noise ratio over the wavelength range considered
day galaxies form, either through initial formation of large disksas been computed from the photon statistics after subtraction of
and subsequent accretion of gas or as a result of mergingh# spectral lines. Itis indicated in the last column together with
pregalactic clumps. In this paper, we add observations of fike maximum value (inside brackets). The data were reduced
DLA systems to information gathered in the literature to furthersing the ECHELLE package implemented within MIDAS, the
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Fig. 1. Velocity profiles in the normalized spectra of Q 0347—-383: leabig. 2. Same as Fid.1 for the two nitrogen line triplets and some other
square fit of low-ionization lines of the= 3.0248 DLA system. Com- low and high ionization species in the= 3.0248 DLA system toward
ponents are indicated by a vertical bar. The curve below the spectrQnd347-383.

is the noise rms in the adjacent continuum.

able in MIDAS (FITLYMAN program; Fontana & Ballester

image processing system developped at ESO. The cosmicf895). The oscillator strengths are taken from the compilation
events have been removed in the regions between object spestidorton (1991) and the updated values of Savage & Sembach
before extraction of the object. The exposures were co-addggdo6). The column densities and the metallicities measured in
to increase the signal-to-noise ratio. During this merging prthe five DLA systems described in the next section are summa-
cedure, the cosmic-ray events affecting the object pixels werged in Table 2. We give the total column densities obtained
recognized and eliminated. The background sky spectrum wgssummation over all the sub-components derived from the fit.
difficult to extract separately due to the small spacing betwepfetallicities were estimated assuming that neutral and singly
the orders in the blue. Instead, we have carefully fitted the zetmized species were associated with the neutral phase from
level to the bottom of the numerous saturated lines in the Lyvhich the Hi column density originates. Upper limits of detec-
forest. The uncertainty on the determination is estimated to fien are computed under the optically thin case approximation.
5%. When the lines are saturated, we indicate a lower limit obtained

We have identified all the absorption features with equivly assuming a mean turbulent broadenirrg18 km s!. Tur-
lent widths larger than 5SFWHM x o whereo is the noise rms bulentb values are given in the text for lines suspected to lie
in the adjacent continuum. Metal line profiles were fitted consiat the low column density end of the logarithmic part of the
tently assuming a pure turbulent broadening. lonic column desurve of growth; otherwise stated, the line is optically thin and
sities were derived with a least-squares technique using Vadilgé resulting column density depends weakly on the Doppler
profiles convolved with the instrumental spread function, avaparameter.



54 C. Ledoux et al.: On the kinematics of damped Lymasystems

T T | T T T T " T T | T T T T |‘| T T T T | T | T | T T T T |‘ T T ‘I I‘ | T ‘I T ‘I |
: n

ﬂ‘ ‘Iﬂ

ol =L T ! wwﬁﬁuﬂ;
C ] C ‘ CIV AL550 ]
C Fell A2600 ] C ]

X X
3 3
“ “
jol o}
Q [0}
N N
@ ©
1S e

C C ]

9 9 SI1 A1253 ]

s | ]

S suMzgo v :

APPSR B NN N N R L

C AN M - MglT AZ803 R

S %&f@& ************ :

PR 'SP N NN N RN R R

] B i Mgl A2?9?ﬂﬁ TR

7 C i / n

i i =

-200 -100 0 100 200 -200 -100 ] 100 200

Velocity (Km/s) Velocity (Km/s)

Fig. 3. Same as Fid]1 for low-ionization lines in the= 2.1411 DLA Fig. 4. Same as Fid:]1 for the sulfur line triplet and some other low
system toward Q 0528-250. and high ionization species in the= 2.1411 DLA system toward
Q 0528-250.

3. Comments on individual systems
_ tion limit, wops < 0.10 and 0.1A respectively at the & con-

3.1. Q 0347383, = 3.0248 fidence level (see also Pettini et/al. 1994). We marginaly detect
The damped nature of this byabsorber has been first recogC1vA1548 withw,p,s = 0.24 A, while the SitvAA1393,1402
nized by Williger et al.[(1989) with a hydrogen column dendoublet is stronger though moderately weakv 242 (Nv
sity log N(H1) = 20.8+0.1 cn1 2. Pettini et al. [(1994) give A1238 is blended) and Al1A1854 are undetected at the 5
log N(H1) = 20.74-0.1. The strongest part of the absorptionpper limitsw,ps = 0.10 and O. 0& respectively. We do con-
produced by most of the low-ionization species is spread o¥igm the presence of N(Fig.[d) but with a column density
less than 60 kms! consistently centered at;,s = 3.02483 (see smaller than previously derived by Vladilo et &l. (1997). By
Fig.[Dl). As noted by Junkkarinen et al. {1991), the existence dfiting the two NI triplets together, we derive log/(N1) =
strong Qv doublet atz = 2.3852 accounting for thex5241.0, 14.16+0.09 cnt 2 assuming a Doppler parameber19kms™.
5249.7 features (Steidel 1990) is doubtful. As shown in[Hig. 1,
these features can be identified withX2302 and Sit\1304
respectively, arising from the DLA system. Moreover neither
C11A1334 nor Si1A1260 lines at ~ 2.3852 are detected downThis DLA system has been previously studied by Lu et al.
t0 wops = 0.14A (50). There is also no Ly associated absorp- (1996Db). We confirm the hydrogen column density derived by
tion (Pierre et al._1990; Williger et al. 1989). Morton et al. (198D), logV(H1) = 20.7540.15 cnT2. The

The ZnA2026 and CriA2056 absorptions associated with-err column density is mostly constrained by theiPe374
the DLA system have equivalent widths smaller than our detditre which, together with the other iron lines available, has been

3.2. Q 0528-250;,,. = 2.1411
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Fig.5. Same as Fid.]1 for metal lines in the= 2.8112 DLA system Fig.6. Same as Fig.11 for low and high ionization species in the
toward Q 0528-250. z =2.6184 DLA system toward Q 0913+072.

adjusted with a Doppler parameter 20 km s™! (see Table 2). 16.8 cn2 at z,;,s = 2.8112 (Levshakov & Varshalovi¢h 1985;
The strongest part of the Feabsorptions has a width of approx-Srianand & Petitieah 1998, see also Cowie & Sondaila 1995).
imately 65 km s! (Fig.[3) whereas the ©1302 and G1A1334 The absorption redshift:(,s = 2.8112, as measured from the
lines are spread over 160 km's The Fe1 absorption lie at the Ni 1 lines by Meyer & York 1987 and from the Hines) is
red end of the @v absorption. There is a strongi8i com- higher than the QSO emission redshift,{ = 2.77: Morton et
ponent centered at +100 km'sand spread over 105 knt5  al.[1980) by~3000 km s which makes this system very pe-
that is barely seen in & (Fig.[4). For this component only, weculiar eventhough the QSO emission redshift may have been
derive column densities in excess of 14.55¢nand equal to underestimated. Three kyemission-line objects have been de-
13.78+0.18 cn1 2 for Sitv and Civ respectively. tected within 21 arcsec from the quasar (or 220 kpc at this
redshift and;, = 0.1) by Mgller & Warren[(1993) and confirmed
. _ by Warren & Mgller (1996) to have redshifts within 200 km's
3.3. Q 0528-250z..,, = 2.8112 from the redshift of the DLA system. The width of the dy
Most of the metal lines have been observed by Lu et al. (19966jnission lines is very largex 600 km s'!) and continuum
Our spectrum goes further into the blue however and we showeimission could be present (Warren & Mgller 1996). This sug-
Fig.[3 the lines not observed previously at equivalent resolutigasts that the gas is not predominantly ionized by the quasar
together with a few others for comparison. and that star-formation may occur inside the clouds.

This system has drawn much attention because of the high The low Ci/H; ratio cannot be easily explained by simple
H 1 column density, logV(H1) = 21.35 cnT? (Mgller & War-  photo-ionization models if solar metallicity ratios are assumed
ren[1993) and the detection of;Hnolecules, logN(H;) = (Srianand & Petitjean 1998). Indeed, the lown@N v ratio and
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Fig. 7. Same as FidJ]1 for low-ionization lines in the= 2.5226 DLA Fig. 8. Same as Fid.11 for the nitrogen and sulfur line triplets together
system toward Q 1213+093. with the high-ionization silicon lines of the = 2.5226 DLA system
toward Q 1213+093.

low abundancesq/Z; ~ 0.2: Srianand & Petitjeen 1998) in-
dicate that the gas is most certainly not directly associated wglt. Q 0913+072;z,;,s = 2.6184

the QSO (see Petitjean etlal. 1994). The fact that the thrae
s i ) [bgem the Ly line, we derive logN(H1) = 20.2+0.1 cnt?

objects are aligned on the same side of the QSO and have ve
) g Q consistent with the measurement by Pettini efal. (1997b). The

ties +190~120, +110 kms! relative to the damped absorptior] onizati tal ab tionsnd Sit sh al q
for projected separations 9, 66 and 145! kpc respectively, ow-ionization metalabsorplionstand Sit Show a single an
k component. A second component could be present in the

argues against the assumption that all the gas is part of a lafGEx . : ; . :
rotating disk (Warren & Mgller 1996). The system looks like agecfwmg of Cg;\lggs' (jeg Fig.J6 in which the higher resolution
conglomera of individual clouds. The low and high ionizatio ata are used for Land 'I_I)' . .

absorptions are spread over 440 kni snd are organized in The fit of all onv-|on|zat|on lines to_getherglvesabestvalue
two main sub-systems centered at +40 and +220 khrela- b =7 km s !. This means that the lines are barely resolved.
tive to the H, absorption, with a velocity broadening of 220 ana—,h_e true value ob COUld_thl_JS be s.maller and the column den-
140 km s'! respectively. It is interesting to note that the higﬁItIeS Igrger than those indicated in Tablg 2. However, the non-
and low ionization species have similar kinematical structurggtecnon_ Of_ S1A1304 puts st_rong constramtsl_aﬂndeed inor-
with well defined sub-components. Indeed, the weak &b- der for this line to be unseen in our data, the1$0|umn density
sorption is at the same redshift as theabsorption. This again cannot be larger than 13.58 whateveriikalue is. For smalley

argues for a group of individual clouds embedded in asomewP_If_ u?s, thel,f't yv?uldhbelsr}conlslstenéW|th th? sﬁ;).r:gelgme;.
isotropic ionizing field. e lower limit for the Si1 column density Is cm™=.

it is assumed that the abobevalue is the same for @hen the
O1 column density is well determined. Although the data are
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consistent with a single © Sitit component, we cannot com-with [Fe/H] ~ —1, have [Si/Fe}~ [S/Fe]~ 0.4 (e.g. Franais
pletely rule out the possibility that the Siine, in reality, spans [1987) and [Ni/Fe}~ 0 (Gratton & Sneden 1991). This suggests
a slightly larger velocity range than 1Qvhich would imply a that indeed the nucleosynthesis history of the damped systems

smallerb value for Or than for Sir. may be different from that of our Galaxy and that the presence
Itis important to note that the Fe\2382 line is not detected of dust at such a low level may be difficult to disentangle from
down toweps < 0.15A at the 5 confidence level. nucleosynthesis effects.
We do not detect high-ionization lines (i, Sitv and Civ) The most important observation in this system comes from

at the velocities of the low-ionization lines. Rather, the highN 1. The nitrogen to silicon abundance ratio is smaller than solar
ionization absorptions lie at +21 and +65 km'gelatively to  ([N/Si] < —0.65). A similar abundance pattern is observed in
the low-ion absorptions. thez,,s = 2.6184 absorber toward Q 0913+072 (see below), and
inthez,,s = 2.5226 absorber toward Q 1213+093 (see Table 2).
Such low values of the relative nitrogen abundance have been
3:5. Q 1213+093zu,, =2.5226 observed as well at,,; = 2.2794, 2.309, 2.5379 and 2.8443
We confirm the damped nature of this system with a hydrogward Q 2348—-147,Q 0100+130, Q 2344+124 and Q 1946+769
column density logV(H 1) = 20.14-0.1 cnT 2. The redshift de- respectively (Pettini et al._1995; Molaro et @l._1998; Lipman
rived from the SitA1304 line isz,1,s = 2.5226 (the strongest pari1995; Lu et al. 1995, see also Lu etlal. 1998). It is important to
of the absorption is spread over less than 60 ki see Figll7). recall that the ionization correction factor for nitrogen is always
There is an additional satellite component detected byaki- close to unity for logV (H 1) > 20 cnm 2 (Viegas 1995).
sorption at +145 kms!. This satellite systemis however barely The system toward Q 0913+072 is characterized by low
seenin QA1302 and not seen at all ini\1334. The nitrogen metallicities and simple kinematical structure. This implies that
triplets are heavily blended (see Fig. 8) but thexl199 line, absorptions from usually heavily saturated lines Y0302 and
which leads to a low column density, IGg(N1) = 13.86:0.06 C11\1334) can be used to derive abundances. The data are con-
cm2, for b = 18 km s°%. Down towgps = 0.12A (50), we sistent with [C/H]= [O/H] ~ —2.7 although the fit of the lines
do not detect the N'A1242 line associated with the possiblgives a Doppler parameter- 7 km s, which indicates that the
N vA1238 absorption mentioned by Sargent etlal. (1988). lines are barely resolved in our spectrum and may be slighly sat-
urated. We have argued in Sect. 3.4 th&t7 < [Si/H] < —2.2
which implies that [Si/O] might be slighly over-solar. The iron
abundance is surprizingly low, [Fe/H} —3.2, which, if con-
The metal and dust contents of DLA systems have been #gned, would be the smallest value amongst known DLA sys-
timated in the past few years using weak lines of zinc atems. Moreover, [Fe/SK —0.8. The abundance pattern is sim-
chromium (Meyer et al. 1989; Pettini et al. 1994). The ratiar to that observed in the,,s = 2.076 system toward Q 2206—
[Cr/zn] is assumed to be an indicator of the depletion of refra¢99 (Prochaska & Wolfe 19977a) in which [Si/H] —2.2 and
tory elements into dust as zinc is not depleted in the ISM of olkre/Si] =—0.4. In the framework of chemical evolution models,
Galaxy whereas chromium is. and assuming no depletion into dust grains, these numbers can

Some controversy has arisen recently about the preseheexplained if the system is in the early phase of a burst of star-
of dust in DLA systems. Lu et all (1996b) have argued thfarmation. In such models, however, the oxygen abundance is
nucleosynthesis alone can explain the element abundanceexpected to be twice that of silicon (Matteucci et al. 1997). It
tios observed in DLA systems and that the presence of duswguld be interesting to investigate whether such an abundance
thus questionable. They claim that the relative abundances pagern is similar to that in Ly forest clouds with logV(H 1) ~
consistent with the bulk of heavy elements being produced b§ cni? (Cowie et all 1995).
Type |l supernovae. Pettini et al. (1997b) have shown however The [N/Si] ratio is found to be less than solar. Given the low
that, even though the nucleosynthesis history of the gas mabsgolute metallicity, this system should be studied in more detail
play a role, the depletion levels of the refractory elements itginvestigate the nucleosynthesis history of DLA systems in the
dicate the presence of dust. The subsequent level of extinctitaimework presented by Lu et &l. (1998). Indeed, although the
(Kulkarni et al. 1997; Vladilg 1998) is in qualitative agreemerfesolution of our data is slighly too low to definitively conclude,
with the direct extinction measurement by Pei et[al. (1991). Wileseems that [O/Si] may be slighly over-solar.
discuss here in turn the three most interesting absorbers toward
Q 0347-383, Q 0913+072 and Q 1213+093. . i

In the ISM of our Galaxy, sulfur is not heavily depleted int05' The metal line profiles of DLA systems
dust grains (Sembach & Savage 1996). The gas-phase metaltiecently, Prochaska & Wolfe (19S7b) have studied the velocity
ity in the z,,s = 3.0248 system toward Q 0347-383 is thus girofiles of unsaturated low-ionization metal transitions (mostly
the order of—1.5. The silicon and iron abundances are of tH&i11A1808) of 17 DLA systems. They conclude that the ob-
same order of magnitude, [Si/Fe] 0 and [S/Fe}~ 0.5. This served structures are consistent with a model of rapidly rotat-
is consistent with solar relative abundances and little depletimy, thick disk and inconsistent with disk models from a CDM
into dust. Nickel seems to be slighly depleted as comparedstoucture formation scenario (Kauffmann 1996). Haehnelt et al.
iron. It is interesting to note however that, in our Galaxy, sta(3998) have shown however that the data can be reconciled with

4. Metallicity
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Table 2. Metal abundances
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Q 0347-3834 =3.02)

Q 0528-2504= 2.14)

Q 0528-2504= 2.81)

Q 0913+0724 = 2.61)

Q 1213+0934 = 2.52)

lon log N [Z/H]* log N [Z/H]* log N [Z/H]* log N [Z/H]* log N [Z/H]*
(cm—2) (cm~2) (cm~2) (cm™2) (cm~2)

(1) 2 3 4 5) (6) ()] (8 9 (10) (11)
Hi 20.70+0.100 ... 20.7%0.15 ... 2135010 .. 20.2@:0.10 ... 20.1¢0.120 ...
Cu >14.87 >-2.38 >15.34 >-1.96 >1558 >-2.32 >14.08 >-2.67 >15.36 >-1.29
Crv 13.15+0.13 .. >14758 L >15.00 ... 13.54:0.11 e e,
N1 14.16+0.09 251 L e <13.28 <-2.89 13.86:0.06 2.21
N 11 <1473 L e >1560 ... <1370 L e
Nv <1335 e 13.990.04 ... <1298 ... <1382 .
o1 >15.16 >-241 >15.62 >-2.00 >15.94 >-2.28 14.28:0.14 279 >1559 >-1.38
OVI s e <1537 e e e
Mg . >14.61 >-1.72 <1588 <-1.05 . e
Al 11 >13.13 >-2.05 >13.46° >-1.77 >14.20° >-1.63 <1194 <-2.74 . Ll
Al 111 <l12.04 ... 12.7#0.08 ... >14.07 ... <12.27 e
Sin >14.41 >-1.84 15.26:0.04 1.04 16.05£0.10 0.85 13.340.24 -241 >14.74 >-0.91
Sitn <1358 L e e e, <1398 ... >1588 ...
Sitv 13.45+0.12 ... >14.46 0 L. >145 L. 13.29t0.11 ... 13.580.16 ...
Si 14.46+0.04 -1.51 <15.08 <-0.94 15.59:0.03° -1.03 <13.92 <-155 <14.22 <-1.15
Art e e <14.53 <-1.24 s s e
Cru <12.86 <-1.52 13.16-0.04° -1.33 13.65:-0.12 -1.38 <1253 <-135 .
Mno ... Ll 12.38:0.10° -1.90 . <12.27 <-146 .. Ll
Fen >14.25 >-1.96 14.68:0.07 -1.58 15.45-0.11° 141 <12.43 <-3.28 <1461 <-1.00
Ni 11 <12.94 <-2.01 13.22-0.06° -1.78 13.89:0.03° 1.71  <13.02 <-143 <13.02 <-1.33
Znn <12.15 <-1.20 <12.28 <-1.12 13.09£0.07 0.91 <11.90 <-095 ... L

* Metallicity relative to the solar value from Savage & Sembach {(I1L996)t of the blue component only (see text for explanatiofid)ettini
et al[1994? Maller & Warren 1993°¢ Lu et al[1996a¢ Pettini et al(1997b.

o T have measured the velocity broadening of the profés for

the low and high ionization species at different optical depths.
AV} is the velocity width of a low-excitation line measured
L e 1 asthe velocity separation of the wavelengths at which the resid-
300 |- -4 ualin the normalized spectrumis We considet- = 0.9 and
i 0.5. Except for a few cases, there is a redshift at which the
optical depth of unsaturated low-excitation transitions 1{Zn
Ferr) reaches a maximum. We take this redshift as the origin of
a velocities.V; (> 0) andV; (< 0) are the largest and smallest
200 - E . . . . . .
velocities for which the residual in the normalized spectrum is
r. We define an asymmetry parameter |V, + V5| / (V1 — Va)
that is close to zero for a symmetric profile and close to one
for a one-sided profile. The results are presented in Tdble 3.
We emphasize that the velocity interval’ considered here is
larger than that of Prochaska & Wolfe (1997b). These authors
B have chosen to ignore 5% of the integrated optical depth at each
edge of the profiles to correct for the internal broadening of the
components. For high level of asymmetry, our definitiomof
leads consequently to slightly smaller values of this parameter.
After rescaling however, the distributions of the asymmetry pa-
Fig. 9. The velocity broadening of the FE\A\1608,2586 lines, mea- rameter considered in both paper are similar (see Se¢t. 5.2). In
sured at an optical depth ~ 0.7, versus that of the &\1808 line Column 12 of TablEI3, we give the measurements af,dvhich
(measured at, ~ 0.1) for the whole sample. is the velocity difference between the maximum of the optical
depth for the low and high ionization species respectively.

AVO-S (Fell A1608) (km.s 1)
T
“?p
,

100 A -

B

] 100 200 300
AVO-9 (s111 A1808) (Km.s™1)

400

such models if a detailed treatment of the gas dynamics is n- . )

cluded. Here we want to address the proble?’n of %e kinematlg;%' TheFenA\1608,2586 anciiA1808 profiles

without any a priori model in mind. We emphasize that largehe velocity broadening of the FE\\1608,2586 (at = 0.5 or

velocity broadenings arise most often in peculiar systems and~ 0.7) and SitA1808 (atr = 0.9 orr, ~ 0.1) line profiles

that high and low ionization species show some correlationdire compared in Fidl 9. It can be seen that they correlate very

their kinematics. closely. This implies that we can use the iron velocity inter-
We have compiled a sample of 26 dampedystems from val that is easier to measure because of larger optical depths.

the literature (see Talé 3 for references). For each of them Wee iron lines are observed in a large number of systems and
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Table 3. DLAS kinematics measurement

Object zabs I0gN(HI) Ref.  Transiton AV]). — AV)S ., Transiion  AVYY,  np., diosn
(cm™3) (kms™!) (kms™) (kms™1) (kms™1)
(1) (2) 3) 4) (5) (6) @) 8 ) (10) (11) (12)
Q 0450-132 1.17 1 Re\2344 205 140 0.71
Q 0449-134 1.27 1 Fex2586 85 55 0.27
Q 0935+417 1.37 20.30 2 FeN2586 102 47 0.49
Q 1946+769 1.74 1 Rex2344 52 34 0.29 @©vA1548 97 1.10 25
Q 0216+080 1.77 20.00 1 Fe\N2586 95 40 0.00
Q 1331+170 1.78 21.18 3 FeA1608 95 75 0.60 @©@vA1548 375 0.01 130
Q 2206-199 1.92 20.65 4 Fe\1608 203 153 0.70 ©/A1548 300 0.50 32
Q 0201+365 1.95 20.18 5 FeN1608 245 205 0.17
Q 2231-0015 2.07 20.56 1 F1608 170 113 0.77
Q 2206-199 2.08 20.43 4 Fe\1608 15 GvA1548 62 0.19 7
Q 0528-250 2.14 20.70 1 1608 160 65 0.38 ©/A1548 187 0.44 43
Q 2348-147 2.28 20.57 6 8A1304 40 30 0.00
Q 0216+080 2.29 20.45 1 FE\1608 160 95 0.58 ©/\1548 500 0.48 5
Q 0100+130 2.31 21.40 7 FeN1608 77 55 0.64 @©vA1548 103 0.26 50
Q 0201+365 2.46 20.38 5 FeA1608 235 215 0.02 ©/A1550 360 0.78 80
Q 1213+093 2.52 20.10 8 81304 217 72 0.03 SwvA1393 172 0.49 20
Q 0913+072 2.62 20.20 8 81526 20 SivA1393 97 0.59 25
Q 0528-250 2.81 21.20 1 Fe\1608 400 325 0.63 ©/A1550 445 0.21 25
Q 1425+606 2.83 20.30 1 FE\1608 170 30 0.00 ©/\1548 445 0.46 225
Q 1946+769 2.84 20.27 1 FeA1608 14 QvAl548 205 0.02 72
Q 0347-383 3.02 20.50 8 Fe\1608 115 43 0.16 SvA1393 125 0.52 40
Q 2233+131 3.15 20.00 9 Fe\1608 235 CvAl548 300 0.53 150
Q 0000-263 3.39 21.41 1 fF\ 1608 65 30 0.00 @©vA1548 280 0.14 50
Q 2212-1626 3.66 20.20 1 Fe1608 80 GvA1548 68 0.32 17
Q 2237-0608 4.08 20.48 1 F&1608 160 CvAl548 202 0.14 35
Q 1202-0725 4.38 20.60 10 Ha1608 110 GCvA1548 43 1.09 25

REFERENCES: (1) Lu et &l._1996b; (2) Meyer et[al. 1995; (3) Wolfe 1995; (4) Prochaska & Wolfe]1997a; (5) Prochaska & Wolfe 1996; (6)
Pettini et all’1995; (7) Wolfe et al._1994; (8) This work; (9) Lu efal. 1997; (10) Lu &tal. 1996a.

we are able to compare velocities measured with the same iare similar which implies that in these systems and on average,
Prochaska & Wolfel(1997b) made used of several transitiof&/Fe] ~ 0.5 in the gas phase.
because Si\1808 line is not detected in all the systems.

5.2. TheFen velocity broadening distribution

Since the correlation is very good, it implies that the phys-
ical conditions are quite homogeneous in the sample. First Wig. [I0 (upper panels) shows the histograms of the veloc-
can be confident that the criteria are well choosen to proitg broadening measured from HReat 7, ~ 0.1 (left panel)
the densest regions where iron and silicon are both predommid 7, ~ 0.7 (right panel). When weak wings are consid-
nantly singly ionized. If it were not the case we would expeetrred ¢, ~ 0.1), the distribution is nearly uniform from 20
large variations in theV(Sii)/N(Ferr) ratio as Sir persists to 250 km s!. This is what is found by Prochaska & Wolfe
much longer than Fe when the H column density decreases(1997b). However, when only the deepest part of the absorption
Indeed theN(Sit)/N(Fern) ratio can be larger than ten foris considered (and we have given arguments showing that this
log N(H1) ~ 18 cnT2 (see Petitjean et &l. 1992). It also sugpart should be associated with the neutral phase), the distribu-
gests that large variations of abundance ratios and/or large tign is peaked at small velocity broadenings. Most of the profiles
pletion into dust grains are unlikely. These conclusions are cdrave Av < 100 km s, while a few haveAv > 150 km s*.
sistent with detailed studies of DLA systems (Lu et al. 1996k, can be seen in Fig. 10 (lower left panel) that the asymme-
Prochaska & Wolfe 1996, Pettini et al. 1997b, Vladilo 1998jry parameten is correlated with the velocity broadening up
We can infer from this correlation that, statistically, the local oge AV ~ 150 km s™t. For larger velocity broadenings how-
tical depth of FerA\1608,2586 is approximately seven timesver this correlation disappears. This approach complements
larger than the local optical depth of 811808. Hence, using the edge-leading test of Prochaska & Wolfe (1997b; Fig. 10)
the oscillator strengths given by Savage & Sembach (1996), teit takes into account the correlation between asymmetry and
Sitt column density is on average three times larger than thelocity broadening that is expected in fast rotating thick-disk
Ferr column density. The solar metallicities of iron and silicomodels.
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Fig. 10.Upper panels: histograms of the velocity broadening of the)P€L608,2586 lines measured at an optical depth- 0.1 (upper lef}

andr, ~ 0.7 upper righ) for the whole sample of 26 DLA systems; the smaller binning indicates individual systems. Lower panels: asymmetry
parameter (see text) versus velocity broadening for the liFees measured at, ~ 0.7 (ower leff) and for the high-ionization lines measured

atr, ~ 0.1 (ower right).

Since itis the presence of systems with large velocity broggkofiles. By restricting our consideration to the main system,
enings that mostly rules out the CDM model (see Fig. 10 tife velocity broadening iV ~ 225 km s'!. The system
Prochaska & Wolfe_1997b), we discuss below these systedtes not show the edge-leading pattern. Actually the: Ly
individually: line is fitted with 23 components (Prochaska & Walfe 1996),

e Q 0201+365 atz = 2.462: If we strictly follow our none of which has logV(H1) > 20 cnt 2 and four of which
procedure and measure the velocity broadening af k8608 have logV(H 1) > 19 cnv 2. This system is definitively atypical.
at7 =0.5, we findAV ~ 600 km s!. This large velocity spread
is due to a satellite of the main system, which has a column e¢ Q 0201+365 atz = 1.955: The Far\1608 criterion
density logN(H1) ~ 19 cnm 2 (Prochaska & Wolfé 1996). In gives AV ~ 230 km s'. Here again there is no obvious
this case, since the velocity separation is quite large, thereedge-leading pattern. Even thed.yine is poorly fitted by a
little doubt that we should consider that this satellite arises irdamped component and the system resembles much more the
system that is not associated with the main damped componé&hiS system atz = 2.325, where strong Fecomponents are
However this case clearly shows that the presence of satellggsead over 200 kmi 3, whereas the Ly line does not show
(as expected in the case of merging processes) could biasdhmped wings (see Prochaska & Wolfe 1996).
discussion on the amount of rotation needed to explain the
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¢ Q0528-250at =2.811:The systemis at,;,s > ze, butis  5.3. The high-ionization phase

certainly not associated with the quasar (Warren&M;aIIer:ng_?h | fab . fil imulated by Haehnel
Srianand & Petitieah 1998). It hasV .5, = 325 km s'! and e examples of absorption profiles simulated by Haehnelt et

the profile can be decomposed in two main sub-systems, e thggf;) suggest that the.comparisqn o_f th? velocity profiles of

with no edge-leading structure. We follow Prochaska & Wol '9 (e.g. Qv) and low (Siu or Fen). lonization SPecies may

(1997b) and do not consider it as a typical damped system. give clues on the nature of the objects assomate_d with DLA
e 0 2233+131 at = 3.151: This system is peculiar for Sev_systems. Although Fig. 6 of Haehnelt et al. (1998) is drawn for

eral reasons. Djorgovski et al (1996) have detected émis- illustrative purpose, it is unclear to us whether the simulations

sion from this system. The emission is redshifted from the m are able or not to reproduce observed individual cases. Contrary

i ) :
low-ionization absorption by about 270 km's(Lu et al[1997). G}bo ;Nhat happenji(;; Fe att Tv __00'17’ thers 'S n(;)_ Icorrela'tl(?]rtl
Since the Fer\1608 line does not reach = 0.7 at the resolu- 2o veevicy an o atr, = 0.1 (see Fig10; lower rig

tion of the Keck data and thus %> . ~ 0 km s-. we could panel). This is expected if the high-ionization phase has a much
only derive AV ~ 235 km ;;dlfu ot al (199’.7) have ar- More disturbed kinematical field than the low-ionization phase
Fell ™ : -k B

i 0o
gued that this system is a case for which rotation is apparenf.' © ?ISO Tutrhnsrr\lAe‘I;ggalHls)Sg) an?r:ndepiz{@ v IS 'S?;;?}Ot‘ge
the absorption profile. However it is clear from tha 2302 Ime farger tha owever, tnere 15 a fren C1v

Ferr-
0.9 = i
and SiitA1526 lines that this system is composed of three W&PdAVFe 1 bo,th measured at=0.1tobe correllated (Fig.11). .
detached sub-systems spread over 300 kiand centered at The velocity differences between the maximum of the opti-
—270,-190 and—80 km s-! from the Ly emission. There cal depth in Qv and Far is most often smaller than 60 km's
is no edge-leading pattern as those emphasized by Prochégl'&' [13). C_Iose |nspect|_on_of t_he spect_ra ShOWS. that the kine-
& Wolfe (19978). Instead the two sub-systems-&70 and matics of high and low ionization species are similar. Excep-

—190 km s'! are equally strong and could both contribute tﬂ?ns are thev,y, = 2.827 system toward Q 1425+606, in which
the Hi damping wings. It is interesting to note as well tha

e main Qv absorption corresponds to a high velocity sub-
the Crv absorption does not correlate with the Iow—ionizatioﬁomponem’ thevays = 3.151 system toward ,Q 2233+131, in
absorptions. The maximum of theIC absorption occurs at which the strongest G/ absorption is located in a gap between

—120 km s!, exactly in the gap between the low-ionizatioffV0 loW-ionization sub-co_mponents, and m}%s_: 1.776 sys-
systems at-190 and—80 km s 1. This pattern is a clear ex- tem toward Q 1331+170, in which therC profile is much more

ample of what could be expected from a disturbed object m %enc_ied invelocity space thqn the Iqw—ionization profiles. Such
up of interacting sub-units. It is qualitatively not different frori)ehawors canbe recogmze'd mthgsmulgted spectrapf Haehnelt
the pattern seen in the,,, = 2.8112 system toward Q 05286t al. [1998) but should be investigated in more details.

250. Rotational motions may be present in the sub-systems on !t IS interesting to note that thA,VCO'I%/AV(g'Ig ratio seems
velocity scales smaller than 100 km's to decrease with increasing redshift (see Eig. 11). A very large

From these comments, it seems that one has to be very cpiue for this ratio is found for the peculial,s = 2.844 system

ful when discussing the kinematics of systems with large vi#Ward Q 1946+769 which showsi€ absorptions symmetri-

locity broadenings. They often show the sub-systems that SA4Y Placed on both sides of the low-ionization absorption. This

expected if the objects are in the process of merging. Theg&_neral trenq is conS|sFentW|th kinematics to be more disturbed

fore the claim that the CDM model should be rejected has \f\ﬂth decreasing redshift.

be considered with caution. Indeed using hydro-simulations,

Haehnelt et aI.. (1993) hz_alve reached the same conclusion. E e onclusions

though these investigations are not yet complete, the overall

picture that seems to be emerging favors the idea that DLA s¥8e have presented high resolution data for five DLA systems

tems are aggregates of dense knots with complex kinematieslyzing the velocity profiles and the column densities. The

rather than ordered disks. This does not rule out however gystems at,;,s = 3.0248 toward Q 0347-383 ang,; =2.5226

possibility that part of the kinematics could be due to rotatiotoward Q 1213+093 have similar abundance patterns. Especially

The correlation shown in Fig. L0 (lower left panel) is sugge#he nitrogen to silicon relative abundance is smaller than the so-

tive of rotational motions in sub-systems on scales smaller tHan value (which is true also for the system:Aat, = 2.6184

AV < 150km s, toward Q 0913+072). The system atf,s = 2.6184 toward
Finally, although the sample is certainly too small to dra®@ 0913+072 is the most metal-deficient DLA system known

any firm conclusion, it is interesting to note that the mean vby now. We find [O/H]~ —2.7 and [Fe/SiK —0.8. A better

locity broadening of Fa at, = 0.7 tends to decrease withlimit on iron is needed. Indeed it would be difficult to recon-

redshift (see Fid_11; upper left panel) if we do not include ttale this pattern with standard chemical evolution models. It is

peculiar systems mentioned in Sect. 5.2. If we split the samjieresting to note that this system has a metal content similar

in two sub-samples containing the same number of systems, théhat of Lyo clouds with logN (H1) ~ 15 (Songaila & Cowie

mean velocity broadening is 80 and 50 kit dor z < 2.2 and [1996).

z > 2.2 respectively. This behavior is expected in CDM models From a sample of 26 DLA systems gathered from the liter-

in which disc galaxies form as gas cools and forms stars at #itere, we show that the velocity widths of theriSA1808 and

centres of the dark matter haloes (e.g. Kauffmann 1996). Fe1t\1608 absorptions are closely correlated. This suggests that
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Zabs = 3.15 toward Q 2233+131. Lower panels: histogram of the absolute velocity difference between the strongest low and high ionization
componentsléwer left the smaller binning indicates individual systems) and @ O1 velocity broadening ratio versus redshléier right).

the physical conditions in the neutral phase are quite homogeknowledgementsiVe thank Max Pettini for sharing information
neous and that large relative metallicity variations and thus langféor to publication and the referee, Giovanni Vladilo, for insightful
depletions into dust grains are unlikely. We discuss the systegagments.

with Ferr velocity widths larger than 200 knt'$ and conclude

that they are most of the time composed of several sub-syste@starences

We argue, from the distribution of Fevelocity widths and the

correlation between the asymmetry parameter and the velBeis P., Le Brun V., Bergeron J., Deharveng J.M., 1998, A&A 333,
ity width, that rotation motions may be present in sub-systems 841 .

on scales smaller than 150 km's The velocity width of the ng:g tt 28:32::22” i?nSiSfA;J :?ﬁé 5@6 1095, AJ 109, 1522
strongest part of the Reabsorption decreases with increasing_ o 5 N S ' '
redshgift. Tﬂis suggests that trFl)e neutral regions get denser ait govski S.G., Pahre M.A., Bechtold J., Elston R., 1996, Nat 382,

. . . . 34
exhibit faster motions with time.
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