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ABSTRACT

Aims. We aim at deriving the physical conditions in the neutral gssociated with damped Lymansystems using observation and
analysis of H and Cr absorptions.

Methods. We obtained a high-resolution VLT-UVES spectrum of the qu&32348-011 over a wavelength range that covers most of
the prominent metal and molecular absorption lines fromdbg&l(H 1) = 20.5Q:0.10 damped Lyman-system atz,,s = 2.4263. We
detected Hin this system and measured column densities 93, Cr*, Cr**, Sin, Pu, Su, Fen, and Niu. From the column density
ratios and, in particular, the relative populations ofrdtational and G fine-structure levels, we derived the physical conditions i
the gas (relative abundances, dust-depletion, particisitye kinetic temperature, and ionising flux) and discusgsgal conditions

in the neutral phase.

Results. Molecular hydrogen was detected in seven components inr8tédur rotational levels (3 0-3) of the vibrational ground
state. Absorption lines of HJ = 4 (resp. J= 5) rotational levels are detected in six (resp. two) of themmponents. This leads to
a total molecular fraction of lofj ~ —1.69*337. Fourteen components are needed to reproduce the metgiirfiles. The overall
metallicity is found to be-0.80,-0.62,-1.17:0.10 for, respectively, [@H], [S/H] and [F&H]. We confirm the earlier findings that
there is a correlation between IbfFeun)/N(Su) and logN(Sin)/N(Su) from different components indicative of a dust-depletion
pattern. Surprisingly, however, the depletion of metat®atust in the H components is not large in this system: fF= -0.8 to
-0.1.

The gas in H-bearing components is found to be cold but still hotter thiamilar gas in our GalaxyT( > 130 K, instead of typically
80 K) and densen(~ 100— 200 cnt3). There is an anti-correlation (R —0.97) between the logarithm of the photo-absorption rate,
logBo, and logN(H,)/N(C1) derived for each Hlcomponent. We show that this is mostly due to shieldifigats and imply that the
photo-absorption ratgy is a good indicator of the physical conditions in the gas. \We that the gas is immersed in an intense UV
field, about one order of magnitude higher than in the sokznity. These results suggest that the gas irbidaring DLAS is clumpy,
and star-formation occurs in the associated object.
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1. Introduction dance ratios and the dust content, and (iii) how severe isittse
due to dust obscuration in current DLA samples.

One way to tackle these questions is to derive the physical
conditions that prevail in the absorbing gas by studyingethe-
tation of molecular and atomic species together. Sinceibi&sl
are redshifted into the optical, a single VLT-UVES spect@im

High-redshift damped Lyman-systems (DLAS) detected in ab-
sorption in QSO spectra are characterised by their larggaleu
hydrogen column densitiesl(H1) > 2 x 10°° cm™2, similar to

what is measured through local spiral disks (Wolfe et al.6)98

The corresponding absorbing clouds are believed to be ﬁ%rel ws one to simultaneously observe a large number of akiearpt

voir of neutral hydrogen in the Universe (e.Q., Péroux etar . . . f .

3. o -~ 1ines of important species at high spectral resolution aitid &
2003;[ Prochaska etlal. 2005). Though observational stuafies 0od signffl-to-noisg ratio Inthgz cage of the Galacticatedar
DLAs have been pursued over more than two decades (%q )

Wolfe et al[ 2005, for a recent review), important questiare Sugc?]":jrgtg“sM)’ only a few lines of sight have been observed in
still unanswered, such as (i) the amount of in-situ stamfmion '

activity in DLAs, (i) the connection between observed abun ~ Although molecular hydrogenis the most abundant molecule
in the Universe, it is very diicult to detect directly. The

* Based on observations carried out at the European South8}gl€cule has a rich absorption spectrum in the UV, and space-
Observatory (ESO) under prog. ID No. 072.A-0346 with the ®/E Crafts have been used to detect the absorption lines frouuslo
spectrograph installed at the Very Large Telescope (VLT)t@n located in our Galaxy in front of bright background stars. At
Kueyen, on Cerro Paranal, Chile. H1 column densities as high as those measured in DLAs or
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sub-DLAs (N(H1) > 19.5 cn7?), H, molecules are conspic- est redshift at which this kind of study has been done up to now
uous in our Galaxy: sightlines with Idg(H1) > 21 usually (Ledoux et al. 2006b).
have logN(H2) > 19 (see Savage etlal. 1977; Jenkins & Shaya We recently reported the detection of i thez,s = 2.4263
1979). More recently, observations with the Far UltravioldDLA toward Q 2348-011 (Petitiean et al. 2006). We present
Spectroscopic Explorer (FUSE) have derived the physical cchere a detailed analysis of the physical conditions in tise Glais
ditions in the dffuse molecular gas in the Galaxy but also theystem has one of the highest molecular fractions ever megsu
Magellanic clouds (Tumlinson etlal. 2002) or high Galacdic | at high redshift, and severnpldomponents are detected in which
itude lines of sightl(Richter et al. 2003; Wakker 2006). le thphysical conditions can be derived. This is the first timed tha
Magellanic clouds, molecular fractions and kinetic tenapares comparison of physical conditions can be made in such a large
are reported to be, respectively, lower and higher thargidtal number of componentsin a single absorption system. Therpape
ISM. This is probably a consequence of higher UV ambient flig organised as follows. In Sect. 2, we describe observaton
and lower dust content. In intermediate velocity cloudsted data reduction. In Sect. 3, we give details on the data arsgpte
in the Galactic halo, KHis found to arise in coldT < 140 K), the fits to the H, C1 and low-ionisation metal absorption lines.
dense Gu ~ 30 cnt®), and clumpy D ~ 0.1 pc) clouds In Sect. 4, we discuss the relative populations efrbtational
(Richter et al. 2003), embedded in a relatively low UV flux.  levels, and G fine-structure levels, deriving information on the
At high redshift, UV-lines are redshifted in the opti-physical state of the gas. Finally, we discuss our findings an
cal so ground-based telescopes can be used. Quasars (érgw our conclusions in Sect. 5.
Levshakov et al.| 1992; Ge & Bechtold 1999; Ledoux et al.
2003) but also recently-ray burst afterglows| (Fynbo etial. i
2006) are used as background sources. The amount,of %—1 Observations
molecules seen in DLAs is much less than what is observedTihe quasar Q234811 was observed with the Ultraviolet
our Galaxy! Ledoux et all (2003) find that about 15% of DLAand Visible Echelle Spectrograph (UVES; Dekker et al. 2000)
show detectable fHwith molecular fraction in the range4 < mounted on the ESO Kueyen VLT-UT2 8.2 m telescope on Cerro
log f < —1. This fraction increases with metallicity and reachd3aranal in Chile in visitor mode on October 29 and 30, 2003,
50% for [X/H] > —0.7 (Petitiean et al. 2006). The fact that H under good seeing conditionS\WHM < 0.8 arcsec) and at low
is less conspicuous at high redshift can be explained asseeorirmass AM < 1.2). Three 5400s exposures were taken with
guence of lower metal content and therefore lower dust conteDichroic #1 simultaneously with the blue and red arms. Weluse
together with higher ambient UV flux. It could be also that tha 1.0 arcsec slit width and a pixel binning o&22, leading to
covering factor of the diuse molecular gas is low. a resolving power oR ~ 47,000. The data were reduced using
Detailed analysis of btbearing DLAs has been pursued ithe UVES pipelinel (Ballester etial. 2000), which is avaiéainl
some case5. Cui etldl. (2005) recently derived a surprisiogl  the context of the ESO MIDAS data reduction system. The main
hydrogen densityny ~ 0.2 cn3, using R~ 30,000 STIS data characteristics of the pipeline are to perform a preciss-iatder
from the HST, and an electron temperatureTaf ~ 140 K background subtraction, especially for master flat fields, @
in the H, system atzyps = 1.776 toward Q 1331170. Other allow for an optimal extraction of the object signal rejegtcos-
authors, however, usually derive higher densities. Byyshgd mic rays and performing sky subtraction at the same time. The
the spectrum of thes,s ~ 2.811 DLA toward PKS 0528250, pipeline products were checked step-by-step.
Srianand & Petitiean| (1908) derived a kinetic temperatifre o The wavelength scale of the reduced spectra was then con-
T ~ 200 K and a density ofi ~ 1000 cnt3. They suggest that verted to vacuum-heliocentric values, and the portionshef t
the ratioN(H.)/N(C1) could be a good indicator of the physicaspectrum corresponding toftérent arms were rebinned to a
conditions in the ga5. Petitjean et al. (2002) derived gasgure, constant wavelength step. Individual 1-D exposures wetedc
particle density, excitation temperatures, and ambienfluxes weighted, and combined. No other rebin was performed during
for four H, components ataps ~ 1.973 toward Q 0013004. the analysis of the whole spectrum. Standard Voigt-proftied
They show that, whenever,Hs detected, the particle density ismethods were used for the analysis to determine column-densi
high (hy ~ 30— 200 cnT3) and the kinetic temperature is lowties using the wavelengths and oscillator strengths cadpil
(T ~ 100K). In addition, the ambient UV radiation field is foundlable 1 of Ledoux et al. (2003) for metal ions and the oscilla-
to be highly inhomogeneous. Ledoux et al. (2002) find high pder strengths given by Morton & Dinerstein (1976) fop.M/e
ticle densitiestf ~ 30 — 400 cn13) and moderate UV radiation adopted the Solar abundances given by Morton (2003) based on
field in a DLA atz.ps= 1.962. They conclude that physical conthe meteoritic data from Grevesse & Sauval (2002).
ditions play an important role in governing the moleculact
tion i!’l DLAs. Reimers et all (2003) also found a high pa.\rticlg. The DLA at zyps = 2.4263toward Q 2348—011
density 6 ~ 100 cnT3) in a DLA at zyps= 1.150. From the high
derived UV radiation field, they suggest there is ongoing stal here are two DLAS atyps = 2.42630 andaps = 2.61473 toward
formation activity close to the absorbing cloud. Sriananale Q 2348-011. These DLAs were discovered as strong Lyman-
(2005) use the 33 systems from the high-resolutior @5,000) « absorptions in a low spectral-resolution BA) spectrum by
UVES survey by Ledoux et al. (2003) — among which 8 sho®argent et al. (1989), who also observed strong metal lines a
detectable K absorption lines — to compare observations argbciated to the,,s = 2.4263 DLA. From Voigt-profile fitting to
molecular cloud models. They conclude that the mean kinetlte damped Lyman-line, we find that the total neutral hydro-
temperature in btbearing DLAs is higher< 150 K) than in the gen column density of the systenzags = 2.4263 is logN(H1) =
local ISM (~ 80 K), the UV flux is close to or higher than the20.50+0.10 (Ledoux et al. 2006a). A simultaneous Voigt-profile
mean UV flux in the ISM of the Galaxy, and the particle derfitting of the Lymane and Lymang lines was also performed
sities (~ 10-200 cnt3) and photo-ionisation rate are similar tofor the system at,,s = 2.6147. Note that the.,s = 2.6147
the ones in the Galactic cold neutral medium. More recegdly, Lymany3 line falls in the wavelength range where Hnes at
temperatureT ~ 90— 180 K, and densitypy < 50 cnT3, were  zys = 2.4263 are detected (see Fig. 1). The total neutral hydro-
derived in a DLA atzps ~ 4.224, which corresponds to the high-gen column density for this system is IbigH 1) = 21.30+ 0.08
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(Ledoux et al. 2006a). No molecular hydrogen is detectehisit t feature for low H rotational levels, but are better separated for
redshift down to lodN(H;) < 13.7 (considering rotational levelsJ > 4, in Ci and low-ionisation metal lines (see Hig[2, 3 13).
J=0and X 1), orlogf < -7.2. Doppler parameterdy, are mainly constrained by the,HO—
0RO, HL1-0P2, B L1-0P3 profiles, and the transitions from
the J> 4 rotational levels, but they remain uncertain. No damp-
ing wing is present. The first guess to fit the ptofiles, using

The H, absorption lines ata,s = 2.4263 are strong and numer_red_shift.s from G, Cr*, and G™* transjtions, was extremely help-
ous (see Fig]1). Although they are all redshifted in the Lyrra ful in this case. It must be emphasised that the blends ofitbe t
forest, the resolving power of our datR (= 47,000) is high components can be fitted using either lbwalues, leading to

enough to allow unambiguous detection and accurate deterRigh column densities or highérvalues, leading to lower col-
nation of the line parameters. umn densities. The best fit is obtained, however, \bith 2.9

km s and column densities lag(H,, J)= 17.15;17.70; 17.00;
_ 17.60; 15.40 and 15.10 for=J0 to J= 5, respectively. These are
3.1.1. Overall Fit the values we use in the following. Rotational levels arenina
. ' . o .pbiguously detected up toJ5. Possible absorptions from=16
The absorption profiles of the singly-ionised metal speu%ér‘?d J= 7 levels, unfortunately, are always redshifted on top of

have been fitted using fourteen components and, in the follo : :
ing, we use their numbering to refer to any individual Veloﬁﬁtggarelgl_iz(rennairr]:{r;%?gzres or in regions of low SNR. Upper

ity component. Seven of these components, spread over a e .
1 : . . mponent 3, Zyps = 2.42491(7): This component is the weak-
300kms , show associatedF-absorption. Multiple component est in the system and is not saturated. The Doppler parameter

Voigt-profile fittings have been performed simultaneousiytoe . ; .
H, absorption lines seen redward of the Lyman break produc%ci?irrzfﬁ:i mg:]n(jl)é;-ﬂsztr_%%eg gt?fosggngﬁztérfﬁg?f

[
by thezaps = 2.6147 system, also including the Voigt profile OftOnIy the first four rotational levels are detected: 3 lines are

the Ly line atzaps = 2.6147. The continuum normalisation Was’always blended. However, the column-density can still lie es

performed using first-order broken lines betwelgg ~ 3600 A mated using WHL1-0R3 (left-half of the profile), HL1-0P3,
andlops ~ 3850 A and a routine based on the IRAF tasktin-  gnq H LO-0 R3 (see Fid_12).

uumthat can fit segments of 50-100 A at once. For ea& A _Components 9 & 10, zaps = 2.42659(1) and 22688(5): These
wavelength range, the continuum is fitted by approximate® fi components have hightolumn densities. They are separated
to seven joint linear segments adjusted by an iterativequha® \yg|| and Doppler parameters are constrained well by thetwidt
that rejects absorptions over a certain threshold relaiettié ot the isolated and non-saturated absorption featurgisOH
local signal-to-noise ratio. This allows us to estimatedbetin- gRro, H, L0—0R1 and mostly of the P-branchJ = —1) Lyman-
uum position where the Lymam-forest is dense, and over thepang transitions from the J 2 to J= 4 rotational levels. Note
Zaps = 2.6147 Ly absorption (see Fi@l 1). Note that only the Hihat component 9 of a particular transition is often blenaitt
Lyman band is covered by our spectrum. o components 1 and 2 of another transition from the next imtati
The solution of a multi-component Voigt-profile fit is ofteneve| (see e.g., HL2-0RO in Fig[®). The first five rotational
not unique, especially when absorption lines are blendetl gayels (J= 0 to J= 4) are detected. Some consistent features are
sometimes saturated. In that case, it fidiilt to constrain both geen for = 5 (see transitions $1.4—0P5 and HL2—0R5 on
the Doppler parameters and the column densities at the s [14). Upper-limits were derived as the largest valuesémn
time for all species. We therefore obtained a first guess ®f tfpnt with the observed spectrum for levels 3, J= 6, and J= 7.
molecular parameters by fitting selected lines (see Tablef 1 Components 12 & 13, zups = 2.42713(5) and 22729(3):
the first four rotational levels, 3 0 to J= 3, using Doppler pa- apsorptions from rotational levels=J0 to J= 4 are detected in
rameters and redshifts derived from the (@ofiles, which are the two componentl(J = 2) is constrained mainly by H.0—
not saturated and located outside the Lymaforest. We then gp2, put the maximun-value is also constrained by,H3—
froze the corresponding parameters and added#and =5 (QR2 and HL1-0P2, whereas the minimum-value is con-
features. After a satisfactory fit to allzHransitions had been strained by the local depth of the features clearly seerinl+
found in these conditions, we relaxed all parameters oneBy 09 R2 and H L0-0 R2 (see Fig.11). Similar constraints are used
until the best fit was obtained. Then, a range of column dessitfgr J = 3. J= 4 lines are blended or located in poor SNR re-
was derived by fitting the absorption features with the erre gions, but we can still constrain the column-density thatoks
values of the Doppler parameter (see Table 2). The erroeigiy, | 4-Q R4, H L4-0P4 and HL3-0P4. The J 5 rotational
in column 4 of Tablé R therefore correspond to a range of cbyels may be detected; but the corresponding column desisit
umn densities and not to the RMS errors derived from fittingre very uncertain, and one should probably consider thaise v
the Voigt profile;. The quality of the overall fit can be aseelss ues only as upper limits (see Table 2).
from Fig.[1 and in Fig4.19 to 14. Results are presented in TAble A symmary of the transitions used to constrain the column-
The total B column density integrated over all rotational Ievelgensity for each Brcomponent in a given rotational level is
is logN(Hz) = 18.52373, corresponding to a molecular fractiongiven in Tablgl. The lines in this table are non-blended aveh
log f = —1.697237 We also derive a 3 upper limit on the col- a rather good SNR, except when marked by “u” or “I” indicat-
umn density of HD molecules, leading to IbgHD)/N(H2) < ing that the line is used to estimate, respectively, an “vppea
—3.3 for the strongest Hcomponents (#1, 9 and 10). We de¢lower” limit.
scribe individual components below.

3.1. Molecular content

3.2. Neutral carbon

3.1.2. Comments on individual components . . .
Neutral carbon is detected in nine components. The corre-

Components1 & 2, zyps = 2.42449(7) and 22463(8): These two sponding absorption profiles are complex, as resulting from
components are heavily blended and appear as a singleteaturtne blend of absorption lines from three fine-structure lev-
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Ly—B; z=2.615
log N(HD=21.3

3]

3800 3805 3810 3815 3820
Observed wavelength [A]

Fig.1. A portion of the normalised spectrum of Q 2348L1. The resolving power is aboRt~ 47,000. The H spectrum derived
from Voigt-profile fitting is superimposed to the quasar speun. The strong feature at=~ 3707A is the Lyg absorption line from
the DLA atz,,s = 2.6147. H components are numbered for the D rotational level only. Transition names are abbreviated a
LxYz standing for B Lx—0Yz, and only marked for component 1. The best fit pararsetee given in Tablel2.

els of the neutral carbon ground state @®3Py12). In  We then performed a second fit with nine components, in the
Fig. [ we show the fit to the Cabsorption features aroundsame order: first € only, then adding € and finally C**.
Aobs ~ 5346 A andips ~ 5676 A with contributions from the Finally all transitions were fitted together. The resultsmall
eleven transitions: €1560, G11656, C*111560.6,1560.7, Velocity shifts between €and H components (see Talile 3) are
C1*A111656,1657.3,1657.9, ©A11561.3,1561.4, and within uncertainties. This means that End Ci absorptions are
Cr*111657,1658. We first performed a fit with sevem Cgenerally produced in the same regions. Note, howevertligat
components corresponding to the seven détected compo- Doppler parameters found for ther Components are slightly
nents, but we left the exact positions of thec@mponents free. larger than those found for the ;Hcomponents, indicating
We then added €, and finally Cr* transitions. To reproduce that the G regions are probably of slightly larger dimensions.
the overall profile well, we had to introduce two weak CResults of the fit (Fig[]2) are presented in Table 3. Three
components (# 6 and 7) that are not detected in Itit are upper-limits are derived foN(C1**) in components 6, 7, and 9,
detected in the absorption profiles of low-ionisation meetalleading to upper-limits otN(C1*)/N(C1) (see Tablél3).
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Table 3. Column densities of the (ine-structure levels.

# Zabs b logN(C1) logN(Cr)  lTogN(Cr™)*  Avcym,>®  logN(Cr)/N(Cr) logN(Cr™)/N(Cy)
[kms™] [kms™]

1 2.4245005) 4.203 13550.02 13.5%0.03 13.1&0.04 +0.7 -0.04-0.04 -0.45.0.04

2 2.42465(4) 4604 13.1@0.06 13.060.02 12.540.10 +1.4 -0.04:0.06 -0.560.12

3  2.42494(4) 2804 125%0.08 12.6&0.09 12.6a0.12 +2.4 0.120.12 0.0%0.14

6 2.42605(3) 5905 12.7@¢0.07 12.5@ 0.09 <12.50 — -0.260.11 <-0.20

7 2.42628(9) 8405 12.960.04 12.750.04 <12.50 — -0.2%0.06 <-0.46

9 2.42660(0) 44805 12.8&0.02 12.930.10 <12.50 +0.8 0.130.10 <-0.30
10 2.42688(9) 4005 13.020.02 13.05£0.04 12.550.20 +0.3 -0.04-0.04 -0.54-0.20
12 2.42715(1) 3205 12.820.04 12.840.04 12.530.05 +1.4 -0.03:0.06 -0.34-0.06
13 2.42727(3) 3£0.6 12.8&¢0.05 12.9¢0.03 12.8&0.10 -1.7 0.1@0.06 0.0@0.11

1 30 upper-limits are derived fal(Cr*) in components 6, 7 and 9.
2 We estimate the errors aic,n, to be about 2 to 3 knTs.
3 There is no velocity shift between the components of neacaiddon and those of molecular hydrogen.

Table 1. Transitions used to constrairplolumn densities in 1.0 .
the seven components. C ]
0.5 —
Level #1&2 #3 #9&10 #12 #13 9 ]
J=0 LORO LORO LORO LORO 2 0.0 - - . ]
LIRO LIRO L1IRO  LIRO o L : ]
L2RO  L2RO  L2RO L2RO  L2RO 5 b o —
J=1 LOP1 LOP1 g ’ L (| [ I cr B
LOR1 LOR1 LOR1 LOR1 LOR1 5 r 123 &7 9 101213 cr ]
L1P1  L1P1 L1P1 z -top 1“2“ 3“ 5“ 7“ g“ 1‘0‘&‘1“3 .
L1R1 L1R1 L1R1 L 12 3 6 7 9 101213 ]
L2R1 L2R1 L2R1 -1.5 :_ 1‘2‘ 3‘ é 7‘ 9‘ 1‘01‘213 _:
L3P1 L3P1 L3R1 L3R1 ) ) 1‘2‘ 3‘| é 7‘| 9‘ 1‘01‘21‘3 ]
J=2 LOP2 LOP2 LOP2 LOP2 5342 5344 5346 5348 ) 5350 5352
LOR2 LOR2 LOR2 LORZ Observed wavelength [A]
L1P2 L1P2 L1P2 L1P2 L1P?2 1.0 Py | y J ' . o ¥
L1R2 LIR2 LI1RZ : ‘ 1
L3P2 L3P2 0.5F 3
L3R L3R2 r 1
J=3 LOR3  LOR3 LOR3  LOR3 x 0.0 ]
L1P3 L1P3 L1P3 L1P3 L1P3 = Eo S 1
L1R3 L1R3 ® _os5F v ]
L3P3  L3P3 = - ]
L3R3 L3R3 € 1of =
L4P3 L4P3  L4P3 S E oy ]
J=4 L1P4 L1P& —15F ]
L1R4 L1R4 r ]
L2P4 o0k B
L3P4 L3P4 L3P4 ) ]
L4aP4 LaP4 L4P4 L4P4 L4P4 5672 5674 5676 5678 5680 5682 5684
e t‘;—f\;g L4R4 L4R4 L4R4 Observed wavelength [A]
L3R5 L3R5 L2RS' L2RS' Fig.2. Observed portic_ms of the normalised spectrum of
L4P5! L4PS  L4PS' Q2348-011 (upper part in both panels) whera &bsorptions

are seen, with the model spectrum superimposed. The mddelle
spectrum is decomposed inta (solid line), Ci* (dashed line),
and Cr** (dotted line) model spectra (lower part in both panels).
The positions of the nine components are marked by small ver-
tical lines. The associated labels correspond to the nuntpier
Table[3 (see also Tablgk 2 d0d 4).

Transition names are abbreviated as LxYz standing fdeo0 Yz.
“u” (resp. “I") means that the transition is used to give ampemp(resp.
lower) limit on N(Hy; J).

3.3. Metal content

The absorption profiles of low-ionisation speciesi(Bn, Fern,

Ni o and Sin) are complex and span abotw ~ 300 kms? in

velocity space. Fourteen components were needed to reaonstig.[3 and results from the fit are given in Table 4. The overall
the whole profiles, i.e., the ninei@omponents plus five com- metallicity is found to be-0.80,-0.62, and-1.17+0.10 for, re-
ponents that are not detected in. @ few profiles are shown in spectively, [SiH], [S/H], and [FgH]. The strongest component



6 P. Noterdaeme et al.: Physical conditions in the neuttdl &6z,,s = 2.43 toward Q 2348011

Table 2. Voigt—profile fitting results for dferent rotational lev- have been relaxed to allow for the best fit to be obtainedtsShif

els of the vibrational ground-state transition lines ef H between singly ionised metals components and@nponents
are well within errors, however. Voigt-profile parameteigeg
#  Zubs Level TogN(Hy, J)Z b Tos° in Table[4 are well-constrained for species with transgito:
vilkms? [kms™] K] cated outside the Ly-forest, i.e. Far, Nim, and Sin. The S
1 242449(7) ¥0 15551740 2.9;; and Pu transitions are partly blended with intervening &y 1
-158 J=1 16.46-18.00 ‘ 183145 absorptions. Nevertheless, ali Somponents can be constrained
J=2 15.96-17.70 ‘ 262161 thanks to the observations of twai@irent transitions. The three
J=3 16.16-17.80 510s0  redder components of iPare blended, and we cannot derive
j: g ii'ggig'gg . 51%333 N(Pu) for these components (see Table 4).
J=6 <14.00 ‘ <584
J=7 <13.80 “ <610 T T T T[T T T T rnr.nn] Qg Frrr vt rirrprnr.rr11]
2 242463(8) X0 15.35:%;5 3.519 VEN P A LY TR A
-145 J=1 160Q ' “ 244,170 05 _: 0.5 :_ C _:
J=2 15.6083?8 “ 495+3%8 R Doy o E : 3
J=3 15,3@3138 “ 324fﬁ§ of RO o p et o RN MBOR .
J=4 14.55“%%3 " 42228 1 B A o
J=5 143043 ‘ 43355 05 f— R —f
J=6 <13.80 “ <607 FE oo E
J=7 <13.70 “ <648 o SN A
3 242491(7) 0 14.609% 1.3%7 1A e
-121 J=1 15.0(18-88 “ 134+228 W E r ]
J=2 143008 “ o3l 0sF ER S |
=3 1455310 ’ 324’85 ) LR ARE PRSI P L L L i i P SRIRAICE BN
J=4 <13.80 ‘ <509 -200 -100 0 100 -200 -100 O 100
J=5 <13.70 “ <525 Relative velocity (km s-!)
9 242659(1) 0 17.309% 2.1+99
+25 J=1 17,7(183?8 w 134 g3 Fig.3. Low-ionisation metal transitions in thegp,s = 2.43 DLA
J=2 16.5(18388 “ 148_47 toward Q 2348011. Note that the strongest component in the
J=3 16.7(1%23 “ 231j%‘216 metal profiles (av = 0 kms'!) does not show associated kb-
J=4 14555 “ 200755 sorption (see Fif]14). We give upper-limits NP u) for the three
J=5 <14.00 ‘ <264 redder components ofiPas they are blended with intervening
J=6 <1350 =361 H 1 absorptions. § transitions are also located in the byfor-
I=7 <13'7820 11 <446 est; but with the help of the two transitions shown above, are ¢
10 35412688(5) J‘i 2 gggg;gg 1'?;0?4 209, still derive column densities or upper-limits for each cament.
o2 1740038 p 371*111 Corresponding Voigt-profile parameters are given in Table 4
40 -186
J=3 17.008% P 72
J=4 14853 « 21
j;g ill?f'f?g “ iggi Figure[4 shows the overall absorption profile of highly
J=7 <13.70 “ <446 ionised species: @ and Siv. It can be seen that therCcoun-
12 2.42713(5) &0 14,95:§:§§ 2,510 terpart of H components are generally weak compared to the
+73 J=1 15.350 “ 134+2° other components. The strongestv@eature atv = 0 kms?t
J=2 14.9(1%%% “ 297t;§3 does not correspond to any, Homponent but corresponds to
J=3 15.1(18;%8 “ 379t$2 the strongest componentin ke
J=4 14205 ‘ 435133 The iron-to-sulfur abundance ratio is plotted in Fi§y. 5 as a
J=5 513-7805 “10 <408 function of the silicon-to-sulfur abundance ratio. Theatence
13 f;'?2729(3) J‘i g 13:238&8 2'9;1.0 291+1075 ratios are defineql as [%8]= logN(X)/ N(S)obs—_log N(X) /N(S)@.
J=2 150008 « 63785 A strong correlation between [F&] and [SiS] is observed, sim-
J=3 15.2683?8 “ 576;339 ilar to what has, been observed prev_lously by_Pe_tl_tjean et al.
J=a 1410038 p 493778 (2002) and Rodriguez etlal. (2006). This correlation islgas
j=5 <13.70°" ‘ <469 terpreted as a depletion pattern of Fe and Si onto dust grains

Note that H is detected in components were iron is not strongly

1 Velocity relative tozaps = 2.42630 depleted with [F£5] as high as-0.1 in component #10 and that

2 Best fit values with errors representing the allowed range &R€ highest depletions are found in components wheris Hot

log N(H.), not the rms error on the fit. Due to the large uncertaintiesletected, components #5 and 8. However, components # 7 and

only a range is given for component 1 (see text). #8 are heavily blended and the distributionNfS1u) between

® Temperatures corresponding to the best-fit values. In sasescthe these two components is uncertain. If we consider these two

upper-limit on the ratidN(Hz, J)/N(H, J=0) is higher than the max- components as a single feature, then the corresponding-depl

imum expected ratio in case of local thermal equilibriume(&[1), tion would be lower than for component #8. In component #5,

and the corresponding upper-limit ., doesn't exist. the Su column-density might be overestimated due to poor SNR
and a small blend (see Fig. 3). In addition, it can be seergnFi
that component #10 is blended in the wing of component #11.

(#7) in these profiles does not correspond to anycBmpo- Therefore the decomposition idiiicult, and theN(Fem) column

nent and is associated with a weak €mponent. Redshifts density in this component could be overestimated.



P. Noterdaeme et al.: Physical conditions in the neutral ##4,; = 2.43 toward Q 2348011 7

Table 4. Results of the Voigt-profile fitting of the singly-ionised
! I i
- = metal lines.
0.5 F -
- ] # zall,fk . lon (X) logN(X) K b , [SVX/Cll]
C ] v ms- ms~ ms~
0 i . 1 2424505) W 1284003 6.6&01 +0.0
1F T . -157 Su 14.1% 0.02 “
= \ ] Fen 13.73: 0.01
0.5 C N - Nin 12.86+ 0.05
C e o - Sin 14.30: 0.03 “
C Si IV-A1402 - v - e 3 2 242465(7) R 12.22:0.09  8.1:0.2 +0.3
Obctadritirisbeina iyl -144 S 14.2% 0.02 “
T T LI T[T T T T [ LT LT TTIT [T Fen 13.70: 0.01
n Y e 5 Nin 12.92+ 0.04
C - Sin 14.18+ 0.04 “
05 E = 3 2.42494(4) R 11.92:0.18 10.20.7  +0.0
= AR ] -119 Si <13.60 “
C Fe 11 A1608 V. oo ] Fen 13.39% 0.01
Ol ritirritrey ity iy Nin <12.50
O T[T II T[T T T T[T [T T T T[T Sin 13.87% 0.08 “
1 e e SR CT g 4 242514(4) R 12.15:0.09  5.1:0.1 —
E -101 Su <13.60 “
' Fen 13.1% 0.01
0.5 ] Nin <12.50
Ha o = Sin 13.82: 0.07 “
[ T R G B Il Gl e B o il s 5  2.42536(8) R 11.68:0.48 13.50.2 —
_ _ -82 S <14.04 “
200 -100 O 100 200 Suo sa0e
Relative velocity (km s-!) Niu 12.82+ 0.07
Sin 13.85¢ 0.09 “
Fig.4. Absorption profiles of Siv and Civ in the Zy,s = 2.43 6 3512605(6) S“: ggi 8'82 9.80.2 +03
DLA toward Q 2348-011. The vertical lines mark the positions Fen 13.34: 0.01
of low-ionisation metal components in thenC Sitv and Far g‘i'ﬂ ig;i 8-83 )
panels. They mark the positions of the sevencimponents in 7 2.42628(8) m" 1300004 11903  -01
the H, LO—RO0 panel. -1 Sn 14.08: 0.07 "
Fen 14.10: 0.01
Nin 13.18+ 0.06
Sin 14.55: 0.04 “
8 242632(7) R 12.45:0.12  5.%0.1 —
+2 Su 14.49+ 0.03 “
Fen 13.58+ 0.01
Nin <12.50
. . . Si 14.14: 0.08 “
~ The typical abundance patterns in the Galactic halo, warm 9 2.42660(0) R 12.35:0.06 7.410  +0.0
disk clouds, and cold disk clouds are also indicated in[Big\s5 +26 Su 13.78: 0.06 -
for Magellanic clouds, the halo pattern represents thestiepl o s
in individual DLA components best. Sin 14.12: 0.04 “
10 2.42688(8) R 12.06:0.03 12.@622  -0.1
+51 Su 13.9G: 0.05 “
3 Fen 14.09: 0.05
3.4. Chlorine Nin 12.8% 0.07
Sin 14.20: 0.15 “
When H is optically thick, singly-ionised chlorine (@) will 1 36‘22705(4) a 2oy 10935 -
go through rapid charge exchange reaction withtéiproduce Fen 13.92: 0.04
Hr and Cl(see Jura 1974a). Neutral chlorine should therefore g{in 1335 8-82 :
L H H I . .
be a good trager of H(Jura & York 1978) ar_1d provide addi- 12 242718@3) R blond 2815 28
tional information for constraining the physical paramstef +77 Su <13.60 “
the gas. Unfortunately, the wavelength at which the strenge Fen 13.38:0.01
. ) ! . Nin 12.53 0.08
chlorine line (Ck11347) is expected to fall is not covered by Sin 13.9%: 0.04 “
our spectrum. It is possible to give an upper-limit NECI 1), 13 2.42727(9) R blend 3413  +05
thanks to Ct11088 and Ci11101 transitions whose oscillator +86 Fsgn ;31‘1-%00 o1
strengths have recently been measured by Sonnentrucker et a Nin <1250
(2006). We deriveN(Cl1) < 10* cm™2 for each component at W 242741 Sin 168008 "
. . . . 5 . en . . —_
the 3o~ detection limit. This leads to aboN(Cl1)/N(H;) < 10 o8 S 213.60 p
for the strongest kK components (1, 9, and 10). Typical ra- Fen 13.14+ 0.01 "
tios measured along lines of sight toward the Magellaniad$o g‘i'llll ;315500 06

and the Galactic disk are, respectivel(Cl1)/N(H2) ~ 0.4 —

3 x 10°° (André et all 2004) antN(Cl1)/N(Hz) ~ 0.4 x 106 | o .. - ) .
(Sonnentrucker et al. 2002). The non-detection afdth such atR Zj{')fﬂ“;}ggg‘_y (in km %) to the center of the Lyman-absorption
an upper-limit is therefore not surprising. Singly-iordsehlo-  ypper-limits are given at 3, except in the case ofiSin component 5,
rine (Cl), in turn, has only two transitions afes;~ 1063 A and  for which the column-density derived has been considerethampper-
1071 A. The corresponding features are blended witbiHy-  limit to take account of a possible blend.

lines, but an upper-limit at@ of aboutN(Cl ) < 10** cm? can

still be derived for components with a relative velocityyweén

v~ -120 kms?! and-30 kms* (i.e. components 3, 4, and 5).
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Fig.5. The iron-to-sulfur abundance ratio, [I53, is plotted as a
function of the silicon-to-sulfur abundance ratio,/[gi The ob-
served correlation is interpreted as the result of depiatioFe ] :
and Si onto dust grains. Berent velocity components are num- T,y =209,, K i i T =134% K
bered from 1 to 14. Filled squares are for components wheresf To =191 - 263K ‘ Tox=352- 371K
both H, and Ci are detected, while filled circles are for compo- [~ 7 Component13 | b 1000 2000 3000 4000 500(
nents where Cis detected but not i The open circle stands Fox (K]

for components 7 and 8 considered as a single velocity compo-}
nent. Stars mark the typical depletions observed in thedBala L
halo clouds (H) and in clouds of the Galactic warm disk (W; see , ;

Table 6 of Welty et al. 1999). The point corresponding to tee d TM: 201195 K
pletion in clouds of the Galactic cold disk would be locatétl o .15f Tox =400 - 469K

of the graph with [SiS] = —1.3 and [F¢S] = -2.2. 0 1000 2022) [S]c;oo 4000 5000

i

Fig.6. Excitation diagrams for the severn,ldomponents. The

S . grey area shows the range of excitation temperatures tmat ca

4. Determination of physical parameters explain the populations of thex)2 rotational levels. The slope

4.1. Excitation temperatures of straight lines give directly fTo_x. The solid line stands for
To-1 and dashed lines for the upper and lower limitsTgr.

The excitation temperatuiiy between two rotational leveds

andY is defined as

& — %e*Exv/kav (1) . . . L

Nx  Ox a relatively large dispersion among the individual compusge
the ratiosN(Hz, J= 1)/N(H>, J = 0) for the seven klcompo-

wheregy is the statistical weight of rotational levl: gx = nents are all consistent wiffiy; ~ 140 K, which corresponds

(23 +1)(2lx+ 1) with nuclear spin & 0 for even J (para-k and to the intersection of all the individudly; ranges. This value
| =1 for odd J (ortho-H), k is the Boltzman constant, afitky is  can be taken as representative of the kinetic temperatutbdo
the energy dference between the levels=IX and J=Y. If the derivation of the densities (s€&L.3). The kinetic temperatures,
excitation processes are dominated by collisions, thempdépe roughly estimated bif; (see Tabl&l2), are nevertheless similar
ulations of the rotational levels follow a Boltzman distrilon to what was found in previous studigs. Srianand et al. (2065)
described by a unique excitation temperature for all roteti ing the ortho-to-para ratio for thirteem;tomponents in seven
levels. In Fig[®, we plot, for each icomponent, the natural DLAs, foundT = 153+ 78 K (see also_Ledoux etlal. 2006b,
logarithm of the ratiodN(H2, J = X)/N(H», J = 0) weighted T ~ 90 - 180 K). These values are higher than those mea-
by the degeneracy factog/go against the energy between rosured in the ISM (7217 K; |Rachford et al. 2002) and in the
tational levels. The slope of a straight line starting atdhgin  Magellanic Clouds (8221 K; Tumlinson et al. 2002). On the
gives the inverse of the excitation temperaturges directly. other hand, they are similar to what is observed through-high
Figure[® and Tablé]2 show thd_; is generally much latitude Galactic sight lines (128 K; |Gillmon et al. (2006) or
lower than the other excitation temperatures. Generdlly; rangingfrom 81 K atlogN(H2) = 20to 219 K atlogN(H>) = 14;
is a good indicator of the kinetic temperature (Roy et al.200Wakker (2006)). This could be due to a high UV radiation field
Le Petit et al. 2006). However, twdtects could act, in opposite but also to diferent grain properties. Indeed, the photo-electric
directions, against this simple assumption. If the 1 level is heating of the medium should be mori@ent in the case of
not thermalised, theilip; is a lower-limit onTyj,. On the con- smaller grains. The higher excitation temperatures medsor
trary, the selective self-shielding of molecular hydrogethe higher rotational levels (2 2) show that other processes than
J = 1 level for column densities beloM(H,) ~ 10 cm™2 collisions are in play. Rotational levels=J 4 and J= 5 can
should makeTy; an upper-limit onTyj,. Given the large den- be populated by cascades following UV or formation pumping.
sities we derive in those components ($€€3), collisions are We indeed assume in the following that these are the main pro-
not negligible and contribute towards thermalising the texe cesses populating high-J levels. It is nevertheless alssilple
els. Despite large allowed ranges for individual composiartd that the H rotational excitation is due to C-shocks or turbulence
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(Joulain et all 1998&; Cecchi-Pestellini etlal. 2005) as ffude -8.5 3 T T i Y 7
clouds. 33513 I 1
-9.0 =T - *
4.2. Photo-absorption rate
-9.5 ]

We can estimate the total absorption rate of Lyman- and Werne2
band UV photons by bin the J= 0 and J= 1 levels 8o andB;, &
respectively, following Jura (1975). The equilibrium oéth= 4 -10.0
and 5 level populations is described by

[
|

|

(L L L AL B A R |

-10.5 i,o ]
P4,0B0 n(Hz, J= 0) + O.lan(H) n=~A4> n(Hz, J= 4) (2) l9 ]
and -11.0 P S S S B S S B ‘;
2.0 25 3.0 3.5 4.0 4.5 5.0 5.t
ps181N(Hz, J= 1)+ 0.44Rn(H) n = As_,3n(Hp, J=5) (3) log N(H,)/N(CI)

. . Fig.7. Logarithm of the photo-absorption rate as a function of
whereR is the i molecule formation raten the proton den- 1,4 N(H,)/N(C1). Squares stand for the best-fit values. Despite
sity, p the pumping cofficients andh the spontaneous transition|4rge allowed ranges g8 andN(H)/N(C1) (dominated by the

probabilities. N(H,) uncertainties), there is a clear anti-correlation betvtbe
The factor 0.19 (resp. 0.44) means that about 19% (rew(0 a)uantities. )

44%) of H, molecules form in the 3 4 (resp. J= 5) level (Jura

1974b). We use the spontaneous transition probabilities =

28x10°%standAs_3 = 9.9x 10°s? (Spitzer 1978) and the

pumping éficienciespso = 0.26 andpsy = 0.12 (Jurs 1975). conditions in the absorber as it increases when the iooisati

The pumping due to formation of molecules onto dust grainsparameter decreases. There is an anti-correlatioa (R0.97)

often neglected if densities are lower than B0® cm™3, which is  between log, and log N(H)/N(C1) that is mostly due to

generally the case in damped Lymarsystems|(Srianand et al. shielding dfects.

2005). However, in the following, we rewrite the above equa- We can correct for the shieldingfect (self-shielding and

tions in a form that only depends on the relative populatimins dust-shielding) and estimate the UV background intensitty o

H, rotational levels. side the cloud. The photo-dissociation rate is related ecatin-
The equilibrium between formation and destruction of Hbient UV flux:

can be written

Rn n(H) = Rdissn(HZ) (4)
. whereJyw (ergstcm?Hz1sr?) is the UV intensity aty =
where Ryss = 0.118p, assuming that 11% of the photo-12 a7 . 3 i
) X 2 .87 eV, averaged over the solid angle (Abeletal. 1997,
abs\?\;giggssljggtittﬂ t?ﬁ:}?g;'?ﬁ%‘gggn:ngggnl dggr‘:gl)I. obtain Hirashita & Ferrara 2005). The ter8yieiqiS the correction fac-
y tor for H, self-shielding|(Draine & Bertoldi 1996) and dust ex-

(see also Cuj et #l. 2005): tinction. For logN(H) > 14, it can be expressed as

Ruyiss = 0-11,30 = (471') 11x 108~]LW Sshield (S_l) (7)

N(H2,J=0 N(H,,J=4
p4,0,30y +0.02180 = A%zy (5) N(H -075
N(H2) N(H2) Sehield = (H2) g oaNa 8)
sheld =\ 104 cmr2
and
N(Hz,J=1) N(Hz,J=5) The term due to dust extinctior;”eN¢, is expressed using
p5,1:31W +0.0496: = A5H3W : (6)  the optical depth of the dust in the Uy = oqNg:

One advantage of these expressions isg@hatan be determined 08792 -1 s \Y o Ny ©)
in each component without any assumption to estimitér) in ~ 7uv = 0. ( ) ( ) ( )( )

the component. Values obtained &y in the diferent compo- 0.1um 2gens 10-2/110% e

nents are given in Table 4, where it can be seen that the u
assumptiomBy = B, is verified.

We find the photo-absorption rate of lth the Lyman and
Werner bandg, € [7.6 x 101,25 x 10° st (B ~ 1.1 x
101951 for the best-fit value) in componentds ~ 1x10°s™*
in component 28y ~ 1.2 x 10%s™1 in component 12 angdy =~ 8x 107113,
1.5 x 10951 in component 13. Much lower values are foundiw ~ ————
for components with higherttolumn densities: for component
9 (Bo ~ 1.4 x 10ts1), and for component 1Q3¢ ~ 2.4 x It can be seen in Tab[é 5 that for each component, the allowed
1071ts™1). We also derive an upper-limit on the photo-absorptiaranges forJ,y are all much smaller compared to the larger al-
rate for components 3§ < 2.4 x 10°s™). These values are lowed ranges foo. This is especially true for components 1 and
spread over about 2 orders of magnitude. 2 (see also Fid.17) and caused by errordibeing correlated

We plot the photo-absorption rate,3p, versus with errors in Doppler parameters. Since absorptions frioen t
logN(H2)/N(CI) in Fig. [4. |Srianand & Petitiean | (1998)low J levels are more saturated than those from the higher J le
suggest that this latter ratio is a good indicator of the ptajs els, the derivedN are more sensitive to a changedinwhenb is

SHAkreais the radius of a grairy) the dust-to-gas mass ratio, and
6 the grain material density (Hirashita & Ferrara 2005). @ive
the low Hi column density, the exponential term is always very
close to 1, an®spielg = (N(H2)/10% cm2)~075; therefore,

10
Sshield (10)
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Table 5. UV radiation field and star-formation rate around indition with temperaturélcygr = 2.73 X (1 + 2) and assuming

vidual components an electron density af, = 107 x ny, kinetic temperatures in
the rangel = 80 - 200 K, and radiative excitation similar to
# logBo log B, log Jw Ysrr that in the Milky Way, we derive hydrogen densities of the or-
[s7Y] [s [erg/scm?/Hz/sr]  [Mo/yr/kpE] der ofn(H1) ~ 100- 200 cn12 for the components where,H
1 —9.96§§;i§ —9.96%;%% —17.02_*§;§§ 51x10° is detected. It is in turn abou(H1) ~ 50 cnT2 for components
2 -9.000g —9.03757 =17.4%0% 21x10°2 without H, detection if we assume the same kinetic tempera-
3 s$-862 $-823 5-17.74 < 9x10°? ture. If the temperature is higher in these two components (#
9 —10-85f§§§ <-10.67 —18.01_*%33 5x10°2 6 and 7), then densities would be even lower. The results are
10 -10.62,; <-1096  -17.820 8x10°2 hardly dependent on the exact value of the ambient flux and on
12 -8.92:90 < -9.03 -17.70; 10x1072

the electron and Kdensities for this range of particle densities.
The most influential processes in that case are the radiexive
citation from the CMB and the collisional excitation dep&d
onn(Hi) andT. To illustrate this, we also assumed an ambient
) ) flux 30 times higher than the Galactic flux. The above derssitie
decreased, lol(highyN(low) decreases, and the derived valugyr components 6 and 7 are decreased by a factor of about 2 and
of 8o gets lower but the shielding correction is larger. Therefoeyen less for the other components. Note however, that a very
the Juw values derived for extreme valuesip{see§B8.1.2 and high UV flux (~ 100 times the Galactic flux) would make the ob-
Table[2) are similar. served G fine-structure column-density ratios inconsistent with

_ The derived UV intensity is about one to two orders of maghe models for the lowest-density components. This agaiwsh
nitude higher than the typical Galactic UV intensity thai®ut that the UV flux derived in the previous section is probably an
Jwe = 32x 10%°ergstcm?Hz *sr! in the solar vicinity ypper-limit.
(Habing[ 1968). Using FUSE, Tumlinson et al. (2002) also de- Assuming temperatures betwe&n~ 80 K andT ~ 200 K
rive in the Magellanic clouds UV fluxes 10 to 100 times higheg|so gives very similar results. Using a Galactic ISM teraper
than in the Milky Way. This can be interpreted as in-situ-stafyre of T = 80 K leads to a higher inconsistency between the
format|0n Qlose to the abS(_)rbmg clouds. Note that, aft@ldh N(C1*)/N(C1) andN(C1**)/N(C1) ratios. This supports the idea
ing correction, the scatter idw is much smaller than the two glready mentioned in the previous section that the kinefig-t
orders of magnitude variation g from one component to the perature is higher in this system than in the Galactic ISM: (se
other. It must be recalled that this is derived under theragsu Figs.[,[8 and TablEl6). Note that, because the column densi-
tion that high-J excitation is mainly due to UV pumping angies N(Cr**) are close to the & detection-limit (logN(Cr**) =

formation on dust grains. _ . 1250) and rather dependent on the continuum placement, den-
The observed ratio of the ambient UV flux to that in the sasities derived fronN(C1*)/N(C1) are the most reliable.

lar vicinity, ¥ = Jiw/Juw.o, IS in the ranges ~ 30— 300. This
should be considered as upper limits, as no other excitption
cesses than UV pumping and formation on dust is considertable 6. Densities derived using models in Fig. 8 with =
here. In any case, the observed excitations are still higjagrin 140 K, and the ratiodN(C1")/N(C1) (col. 2), N(Cr)/N(C1)
the Galactic halo or the Magellanic clouds. We thereforelgaf (col. 3).
estimate that the present UV flux is about one order of magni-
tude higher than in the ISM. n(H1) [cm™3]

Using the relation between the star-formation rate (SFR) N(Cr)/N(Cr) N(Cr*)/N(Cr) adopted

13 88208 - g7 _17.628% 13x10°2

HH*

per unit surface ang, Sspr = 1.7 x 1073y My yrt kpc2 1 87-123 132-162 16838
(Hirashita & Ferrara 2005), we derive a SFR in th&eatient 2 79-132 89-151 1087
components in the rangBgrr ~ 5 — 50x 1072 M, yr~* kpc2. 2 131,2_337 32245_7776 22"3216
The detailed values are given in Talple 5. It can be seen that 7 39:68 2145 :542

there is a gradient in the SFR through the DLA profile. The 9 135-347 <204 170:35
derived SFR is higher close to component 1. Note that if the 10 87-123 79-186 1088
star-formation region is larger than about 1 kpc, the assedi 12 83-138 162-214 11P8
Lyman-« emission should be detectable (e.g Mgller et al. 2004; 13 141-240 309-575 1950

Heinmuller et al. 2006).
! BecauseN(Cr*) is more reliable thai(C1™), we take the correspond-
ing n value as the actual value (col. 4), unless there is an upper limit
on N(Cr*) that is then taken into account (component 9).

Neutral carbon is usually seen in components wherésHie- 2 The values for components 6 and 7 are considered as upges;lim
tected. As the ionisation potential ofi@11.2 eV) is similar to because of the higher dependence on the ambient UV flux.

the energy of photons in the Werner and Lyman bandss Gsu-

ally a good tracer of the physical conditions in the molecgées.

In the present system,i@ detected in all components wherg H

is detected _but is a_Iso detect_ed in two agjditional compa@nt 5 piscussion and conclusions

6 and 7). It is possible to derive constraints on the partiele-

sity of the gas from relative populations of the fine-struetev- We have detected strong molecular hydrogen absorptios line
els of the G ground term (2217 3Py 1 5). In Fig.[8 we compare associated with the DLA ats= 2.4263 toward Q 2348011 in

the ratiosN(C1*)/N(C1) and N(Cr**)/N(C1) with models com- seven velocity components spread ov800 km s and from
puted with the code POPRATIO (Silva & Viegas 2001). Takingptational levels & 0 up to J= 5. We used these observations to
into account the cosmic microwave background (CMB) radigonstrain the physical conditions in the gas.

4.3. Ci1 fine structure
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oS T T ] From the relative populations ofHotational levels, we de-

rived photo-absorption rates. Correcting for self-shired we

are able to estimate the incident UV flux on the cloud, which we
find to be about one order of magnitude higher than in the so-
lar vicinity, similar to what is observed through the Magelic
clouds (Tumlinson et al. 2002). This shows that there is orgo
star formation in this system.

Searches for the galaxy responsible for thg = 2.4263
DLA toward Q2348011 have been unsuccessful until now.
Mannucci et al.[(1998), using the NICMOS3 Z238AGIC cam-
era at the Calar Alto 3.5 m telescope, reported the deteofion
an Hy emission-line galaxy a ~ 2.43. The object is located at
~ 11 arcsec, corresponding 090 kpc for the standar@CDM
cosmology, from the line of sight toward Q 234811 and the

log n(HI) inferred SFR is 78 Myr~1. The emission from the correspond-

_ ) ] ) _ ing star-formation region is not large enough to explainthe
Fig.8. Analysis of the G fine-structure relative populations us+jyx in which the gas is embedded. Bunker ét al. (1999) spec-
ing results from the POPRATIO code (Silva & Viegas 2001}yoscopically observed Q 234811 over the wavelength range
Solid and dashed lines give, respectively(C1")/N(C1) and \here possible H emission atz = 2.43 would be redshifted.
N(C1™)/N(C1) versus gas density for a Galactic ambient fluf=rom the non-detection of any emission, they derived an uppe
The corresponding thick lines stand for the model With=' |imjt of aboutSFR < 21h-2 M, yr for the SFR of any possible
140 K, whereas the thin lines stand for = 200 K (upper gpject exactly aligned with the quasar. However, their olmse
curves) andlr = 80 K (lower curves). The dashed-dotted line§ons are not very sensitive-{0-15 erg'scn?). More recently
represent Fhe model with an ambient flux 30 times h|gher th@hibert & Malkah (2002) obtained coronographic H-band im-
the Galactic flux. Boxes show the observed flange vertically ages of the field with the Near-Infrared Camera and Multie®bj
for N(C1")/N(Cr) andN(Cr)/N(C1) and horizontally the cor- gpectrograph mounted on the Hubble Space Telescope. With a
respondingn values for the model with Galactic ambient fluxs,- detection limitH = 22, they detected three objects at 3.3, 9.7,
andT = 14Q K. They are therefore arbitrarily centred on thgnd 10.7 arcsec or 19, 55, and I64 kpc from Q 2348-011. If
corresponding curve. Note that the results froffiedent mod- at the same redshift as the DLA, these objects are about 1 to 2
els are within errors. The |nf!uence of the UV flux is hlghel’ fofnagnitudes brighter than an ga|axy' In particu|ar the authors
components 6 and 7, for which ng;Has been found. The cor-reject the object closer to the line of sight as a possible DLA
responding derived densities are therefore considereg@eru galaxy candidate because of its brightness.
limits. The origin of the UV excess in the vicinity of the gas is there-

fore unclear. Either one or several objects within 11 arfiseo
the quasar are indeed at the redshift of the DLA and provide th
inferred UV flux through star-formation activity or the regiof

) _ star-formation is located on the line of sight to the qualsat is

From the fine-structure levels of neutral carbon, we deer@j(aCﬂy aligned with it. In that case, Lymanemission should
hydrogen volumic densities of the order of 100 to 200  pe observed at the bottom of the DLA trough. The SDSS spec-
the components wherezHs detected. Densities below 50 T trum of Q 2348011 is too noisy to claim anything in this matter.
are denved in the_two components Wherelﬁdetected but not |t will thus be very interesting (i) to determine the spestrapic
H.. This agrees with the results from Srianand et al. (200%. Thedshifts of the objects that are located close to the lirgigift

relative p_OpUIat_ions of the first two rotational levels allecan- and (||) to perform deep intermediate-resolution Spempy of
sistent with a kinetic temperature of about 120 to 160 K, undghe quasar to search for any Lymaremission.

the assumption thaty; is a good indicator of j,. The tempera-
tures derived are higher than typical temperatures in tved Adowled s We thank th ‘ for a th h readi

; : cknowledgements. We thank the anonymous referee for a thorough reading
the Galaxy' Detailed models Offﬂuse. mOIGCUIar ?lOUdS ShOUIdOf the manuscript and useful comments. PN is supported byDaf@ltowship
be constructed to understand the origin of thifestence. Actual fom Eso. PPJ and RS gratefully acknowledge support fromiritie-French
kinetic temperatures could even be slightly higher if the I  Centre for the Promotion of Advanced Research (Centre Bramtien pour la
level is not thermalised (see, elg., Le Petit et al. 2006),than  Promotion de la Recherche Avancée) under contract No.-3004
densities would also be slightly lower.

The physical properties of the,kbearing gas are charac-
teristic of a cold neutral medium. Molecular hydrogen insthi
DLA traces cold gas but with a higher pressure (of the order of
p ~ 10°cm3K) than that measured along lines of sight in the
Galactic ISM. Temperatures and densities are similar tgeho
observed in the Galactic halo (Wakker 2006; Richter &t 8320

If we assume that IHis distributed over the nine cbearing
components proportionally td(Cr1), then the mean iHcol-
umn density is about > cm2 in individual components.
The molecular clouds must therefore have an extension along
the line of sight that is smaller than 1 pc. This supports the
view that H-bearing gas is clumped into small clouds (see, e.g.,
Hirashita et al. 2003).

o
o
.

log N(X)/N(CI)

o
o

-1.0
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Fig.9. H; rotational level = 0. The centre of the velocity scale

is set atzyps = 2.4263. Continuum is seen depressed folLA—

0RO and HL1-0RO0 because of the,s = 2.615 Ly{3 absorp-

tion. Components are marked by dashed lines. The strong ap-

sorptions at ~ -10 — 0 km s' is due to J= 1 transition lines. Fig.12. H, rotational level = 3. H, L1-0R3 is blended with
Fen11096.
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H, L4—0P5 (resp. BIL2—0 R5) for component 9 (resp. 10).
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ABSTRACT

Aims. We aim at deriving the physical conditions in the neutral gssociated with damped Lymansystems using observation and
analysis of H and Cr absorptions.

Methods. We obtained a high-resolution VLT-UVES spectrum of the qu&32348-011 over a wavelength range covering the metal
and molecular absorptions from the IbigH 1) = 20.50:0.10 damped Lyman-system at,,s = 2.4263. We detect Hin this system
and measure column densities of, K1, Cr*, Cr**, Pu, Su, Feu, Sin and Niu. From the column density ratios and in particular
the relative populations of the Hotational and G fine-structure levels, we derive the physical conditionthimm gas (abundances,
dust-depletion, particle density, kinetic temperature immizing flux).

Results. Molecular hydrogen is detected in seven components in thefiur rotational levels (3 0-3). Absorption lines of K

J= 4 and 5 rotational levels are detected in four of these comptsn This leads to a total molecular fraction of fog —1.69737.
Fourteen components are needed to reproduce the metadrbfites. The overall metallicity is found to be0.80,-0.60,-1.17,
-0.89, -0.45:0.10 for, respectively, [@H], [S/H], [Fe/H], [Ni/H] and [PH]. We confirm the findings by others that there is a clear
correlation between loy(Femn)/N(Sn) and logN(Siu)/N(Su) from different components indicative of a dust-depletion pattehe. T
dust depletion in the Ficomponents is not large and ranges fromNg§en)/N(Su) = —0.8 to—0.2 when the most important depletion
(up to logN(Femn)/N(Sn) = —1.2) occurs in components wherg 14 not detected. The gas in,lBearing components is found to be
cold but still hotter than similar gas of our Galaxy ¢ 140 K instead of typically 70 K), dense ¢ 50— 200 cnt?), and embedded
into a moderate to high UV field, about one to two orders of nitage higher than in the solar vicinity. This suggests the iga
H-bearing DLASs is clumpy, and star-formation probably oscarthe associated object.

Conclusions.

Key words. galaxies: ISM - quasars: absorption lines — quasars: iddals: Q 2348011

1. Introduction of the lines towards the red part of the spectrum, most of the
species can be observed at once in the same spectrum. Irsthe ca
of the Galactic interstellar medium (ISM), very few linessafht
are available with the information from molecular hydrogeal

High-redshift damped Lyman-systems (DLAS) detected in ab-
sorption in QSO spectra are characterized by their larggaleu
hydrogen column densitiedl(H1) > 2 x 10°° cm™2, similar to

. i ; metal species together.
yvhat IS me?‘SUfed through Ioc_al spiral disRg The corrgspond- Although molecular hydrogenis the most abundant molecule
ing absorbing clouds are believed to be the reservoir ofrakut

X . . - —inthe Universe, itis very diicult to detect directly however. The
hydrogen in the Universe (e.8). Though observational stud|es_0n|y way until now comes from the use of the UV Lyman and

of DLAs have been pursued over more than two decades, Werner absorption signatures left in the spectra of backgio

portant questions are still unanswered, such as (i) the BIGU g, ooq sch as quasa® 6r, more recently-ray burst after-
in-situ star-formation activity in DLAs, (ii) the conneoti be- lows ()

tween observed abundance ratios and the dust content,iind rmation of molecular hydrogen is expected on the surface

how severe is the bias due to dust obscuration in current Dldz?dust grains when the gas is cool, dense and mostly neu-
samples. .tral. At Hi column densities as large as those measured in

One way to tackle these questions is to derive the physuﬁLAS logN(H1) > 19.5). K molecules are conspicuous in
conditions of the gas. This is possible because, thanke tehift our Ga(lagy: (gas)eous C.|O)L,IdS with IbgH1) > 21 usuglly have

* Based on observations carried out at the European Southi®fN(H2) > 19 (see??). The amount of Kl molecules seen in
Observatory (ESO) under prog. ID No.072.A-0346 with the ®/EDLAs is much less than this find that about 15% of DLAs

spectrograph installed at the Very Large Telescope (VLT)Cmmro Show detectable Hwith molecular fraction in the range4 <
Paranal, Chile. log f < —1. The fraction increases with metallicity and reaches
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50% for [X/H] > —0.7 (?). The fact that His less conspicuousat ~ The wavelength scale of the reduced spectrum was then con-

high redshift is easily explained as a consequence of love¢alm verted to vacuum-heliocentric values and the portions ef th

content and therefore lower dust content together with drighspectrum corresponding toffrent settings were each rebinned

ambient UV flux. to a constant wavelength step. No further rebin was perfdrme
Detailed analysis of kthearing DLAs have been pursuediuring the analysis of the whole spectrum. Individual 1-B ex

in some cases?, using R~ 30000 STIS data from the HST, posures were scaled, weighted and combined together ungng t

recently derived a low hydrogen density; ~ 0.2 cnt3 and scombine task of thexoao onepspec package of IRAF. Standard

a electron temperature df, ~ 140 K in the H absorber at \oigt-profile fitting methods were used for the analysis ttede

Zaps = 1.7765 toward Q 133£170. Other authors however de-mine column densities using the oscillator strengths ctedpn

rive higher densities. By studying the spectrum ofzhg~ 2.81 Table 1 of? for metal ions and the oscillator strengths given by

DLA toward PKS 0528250, ? derived a kinetic temperature? for H..

of the cloudT ~ 200 K and a density ~ 1000 cnv3. They We adopted the Solar abundances giverPtyased on the

suggested that the ratid(H2)/N(C1) could be a good indica- meteoritic data fron?. H, transitions wavelengths are froPn

tor of the physical conditions of the absorb@rderived gas

pressure, particle density, excitation temperatures avichid-

bient fluxes for four H components at.ps ~ 1.973 toward 3. The DLA at Zyps= 2.4263toward Q 2348-011

Q 0013-004. They show that wheneves lit detected, the par- There are two DLAS afy, = 2.42630 andzue = 2.61473 to-

ticle density is highify ~ 30— 200 cn13), and the temperature : :
is low (T ~ 100 K). In addition, the UV ambient radiation fieldWard Q 23.4801.'1' These DLAs were dlsc_:overe'&c\j as strong Ly
is highly inhomogeneous, using 33 systems from the high-& absorptions in a low spectral resolution (5A) spectrum

; : by ?, who also observed strong metal lines associated to the
resolution (R~ 45000) UVES survey fro? — among which 8 v ) S
show detectable Habsorption lines — derived the mean kineti¢abs = 24263 DLA. From Voigt-profile fitting to the dam_ped
temperatures, the density of hydrogen and the electromisitje yman+ line, we find that the total neutral column density of

together with the UV ambient flux in DLAs. They conclude thd€ System akaps = 2.4263 is logN(H 1) = 20.50 + 0.10. A si-
mean kinetic temperature in these clouds is highel60 K) multaneous Voigt-profile fitting of the Lymam-and Lymang

: : lines has also been performed for the systemat= 2.61473.
than in the local ISM £ 80 K), the UV flux is of the order - . :
or higher than the mean UV flux in the ISM of our galax ote that thezaps = 2‘51473 Lymang line falls in the wave-
and that the densities (about-1200 cnt3) and the ionisation fength range where Hines atz.,s = 2.4263 are detected, see

o : ; . Fig.??. Total neutral column density for this system is l¢H 1)
rate are similar to the one in the Galactic cold neutral mmadiu X ) .
More recently, gas temperaturg,~ 90 — 180 K, and density, — 21.30+0.08. No molecular hydrogen s detected at this redshift

ny < 50 cnt3, were derived in a DLA afa,s ~ 4.224 which down to logN(Hz) < 13.7, or logf <-7.2.
corresponds to the highest redshift at which this kind oflgtu
has been done up to now)( 3.1. Molecular content

We recently reported the detection of i the z,ps = 2.4263 )

DLA toward Q 2348011 (?) and here we present the detailedfz lines atzaps = 2.4263 are strong and numerous (see PR).
analysis. This system has one of the highest molecular frédthough they are all redshifted in the Lymanforest, the spec-
tions ever measured at high redshift, with several compisnefal resolution of our dateR =~ 47000) is high enough to allow
in which physical conditions can be derived. The paper igwrg unambiguous detection and accurate determination of tiee li
ised as follows. In Section 2, we describe observations atal dParameters.

reduction. In Section 3, we give details on the data and ptese

the fits to the H, CI_and Iow—ionisat_ion metals gbsorption linesg 1 1. overall Fit

In Section 4, we discuss the relative populations of therd4

tational levels, and the fine-structure levels of @eriving in- The continuum normalisation has been performed using first o
formation on the physical state of the gas. Finally, we draw oder broken lines over wavelength ranges of about 50 to 100 A
conclusions in Section 5. betweent ~3600A andi ~3850A, using a routine based on
the IRAF taskcontinuum. Note that only the Lyman band is cov-
ered by our spectrum.

The absorption profiles of the once-ionised metal species
The quasar Q 234811 was observed with the Ultraviolet anchave been fitted using fourteen components and we use their
Visible Echelle Spectrograph (UVES?) mounted on the ESO numbering to refer in the following to any component of the
Kueyen VLT-UT2 8.2 m telescope on Cerro Paranal in Childoud. Seven of these components, spread over about 30km's
in visitor mode on October 29 and 3%, 2004, under good show associated Habsorption. Multiple component \oigt-
seeing conditionsRWHM < 0.8 arcsec) and at low airmassprofile fittings have been performed simultaneously on all H
(AM < 1.2). Three 5400s exposures were taken with Dichroabsorption lines seen redward of the Lyman break, alsodhclu
#1 simultaneously with the blue and red arms. We used a 1.0 dng the Voigt profile of the LyB line atz,,s = 2.61473.
sec slit width and a pixel binning of 2 2, leading to a spectral ~ The solution of a multi-component Voigt-profile fit is often
resolution R~ 47 000. The data were reduced using the UVESot unique, especially when absorption lines are blended an
pipeline () which is available as a context of the ESO MIDASometimes saturated. In that case, it ifidilt to constrain both
data reduction system. The main characteristics of thdipge the Doppler parameters and the column densities at the same
are to perform a precise inter-order background subtnactis- time for all species. We therefore obtained a first guess @f th
pecially for master flat-fields, and to allow for an optimalrax- molecular parameters by fitting the lines of the four rotagio
tion of the object signal rejecting cosmic rays and perfoigni levels, J= 0 to J= 3, using Doppler parameters and redshifts
sky subtraction at the same time. The pipeline products weterived from the G profiles which are not saturated and located
checked step by step. outside the Lymarforest. We then froze the corresponding pa-

2. Observations
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Fig.1. Portion of the normalised spectrum of Q 2348.1. The spectral resolution is abdrt~ 47000. The H spectrum derived from Voigt
profile fitting is superimposed to the quasar spectrum. THomgtfeature af ~ 3707A is the Ly absorption line from the DLA aty,s= 2.6147.
The two similar features at ~ 3784A andl ~ 3790A are likely to be Gv absorptions at.,s ~ 1.45. H, components are numbered for the 0
rotational level. Transition names are abbreviategt ¥+-0Yz is written LxYz. The fit parameters are given in TaBR

rameters and added the=J4 and J= 5 features. After a satis- log f = —1.69i°§£73. We also derive an upper limit on the column
factory fit to all H, transitions was found in these conditions, weéensity of mo?écular HD, leading to ldg(HD)/N(H,) < -3.3.
relaxed all parameters one by one, until a good fit was obdain&Ve describe below the individual components.

Then, a range of column densities is derived by fitting the ab-

sorption features with the lowest possible Doppler paramset

and the highest ones. The errors given in column 4 of Tagle 3-1.2. Comments on individual components

Eﬂgrﬁtf?gzgggﬁsaﬂ?gd to the ranges of column densitiestiestw 161 & 2. zupe = 2.424497and 2y, = 2.424638: These
two components are heavily blended and appear as a single
The quality of the overall fit can be estimated on Figand saturated feature for low Hrotational levels, but are better
from Fig. ?? to Fig. ??. Results are presented in Talfé The separated for & 4, in Ci and low-ionisation metal lines (See
total H, column density integrated over all rotational levels ifig. ??, ?? and ??). Doppler parameterd), are mainly con-

logN(H2) = 18.527*8:23, corresponding to a molecular fractionstrained by the HLO-ORO, HL1-0P2, B L1-0P3 profiles,
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and the transitions from thex 4 rotational levels, but remainsTable 1. Voigt—profile fitting results for dferent rotational levels of the
uncertain. The first guess of the lgrofile using redshifts from vibrational ground-state transition lines of.H
C1, Cr* and Cr™* transitions was extremely helpful in this case,

It must be emphasize that the blends of the two components#  zus Level logN(Hz, J)? b Tos°3
can be fitted using either low values, leading to high column v![kms] [kms™] (K]
densities or higheb values, leading to lower column densities. 1 2.42449(7) ¥0 15551740  2.97;
No damping wings are present which would be in favour of -158 J=1 16.40-18.00 ‘ 183145
very low b values. This is why we give a column density range J=2  15.90-17.70 26216
for component 1. The best fit however is obtained vhith 2.9 J=3 16.16-17.80 . 510232
kms?t and column densities Idg(H,, J) = 17.15; 17.70; jfg ii'ggig'gg . gﬁggg
17.00; 17.60; 15.40 and 15.10 for=JO to J= 5, respectively. J=6 <1400 “ <584
These are the values we use in the following. Rotationalldeve J=7 <13.80 « <610
are unambiguously detected up te=J5. Possible absorptions 5 2424638) *0 1535010 3,510
from J= 6 and J= 7 levels, unfortunately, are always redshifted —145 J=1 16.0(19:%8 w 244 170
on top of strong H Lyman- features or in regions of bad SNR. J=2 15,6(181?8 “ 495+39%8
Upper limits are given in Tabl@?. J=3 15.3(18338 “ 324j%gg
Component 3, Zyps = 2.424917: This component is the weakest J=4 14.55:3}%% “ 422tg§
in the system, and is not saturated. Doppler parameter is J=5 14.307% ‘ 433%¢
therefore mainly constrained by the strongest transitinasl J=6 <13.80 ‘ <607
that are not blended: H.2—0RO0, H L1-0R0 and HL3-0P1. J=7 <13.70 ‘ <648
Only the first 4 rotational levels are detect€hmponents 9 & 242491(7) ¥0 14.60p 1.3%; -
10, Zaps = 2.426591and zyps = 2.426885 : These components -121 =1 15'0(1353 . 134;%
have high H column densities. They are well separated and jfg ﬂ'gggﬁg . ggi;ﬁ?,
the Doppler parameters are well constrained by the width of J; 4 <1380% “ <509
the isolated and non-saturated absorption featurgsOHO RO, J=5 <13.70 p <525
H2 LO-0R1 and most of the P-branchJ = -1) Lyman-band 9 242659(1) X0 17.30°2 2,109
transitions from the J 2 to J = 4 rotational levels. Note +25 J=1 1770098 ; 134 o
that component 9 of a particular transition is often blended J=2 16_563338 u 148_,7
with components 1 and 2 of another transition from the next J=3 16,7@81?8 “ 23198
rotational level (see e.g. H2-0RO0 in Fig.??). The six first J=4 14.55j§f§§ “ 20032‘2‘
rotational levels (& 0 to J= 5) are detected. Column densities J=5 <14.00 “ <264
in the J= 5 rotational level are not well constrained (see J=6 <13.50 “ <361
transitions HL4—-0P5 and HL2—-0R5 on Fig.??) in these J=7 <13.70 ‘ <446
two components. Same procedure has been applied as f 2.42688(5) 0 17.300% 193
components 1 and 2 forg6 and J= 7 levels: upper-limits have +51 =1 179@838 . 209111
been derived as the largest value consistent with the obderv ‘J]zg g'gggﬁg . g;i;%ﬁ?
spectrum. J=4 148583 © 28
Compongants 11 & 12, Zaps = 2.427135and zyps = 2.427293 : Jj=5 < 14.06" p széazf
Absorptions from rotational levels3 0 to J= 3 are detected J=6 <1350 “ <361
in the two components. 3 4 and J= 5 rotational levels are J=7 <13.70 u <446
detected but the corresponding column densities are wiigcert 12 2.42713(5) *0 14.959%10 2510
and one should probably consider these values as uppes limit +73 J=1 15.35:838§ . 13428
only (See Tabl@?). J=2 14.9(13%% “ 297if§3
J=3 151008 “ 3792
J=4 14.20%1 “ 43532
J=5 <13.70 “ <408
3.2. Neutral carbon 13 35472729(3) 33:2 igggggg 2.0 poqiiors
Ni : : J=2 15.0008 . 637¢
ine components are detected in the complex and sometimes J=3 15 208;%8 ,, 576*339
highly blended_ profiles of neutral carbon. Lines from the =4 14:1683;—?8 “ 493137860
fine-structure triplet levels of the ground state?@= 3Pq 1 ) J=5 <13.70%° “ <469

are detected. In Fig?? we show the fit to the € absorp-
tion features aroundl ~ 5346 A andi ~ 5676 A with 1velocity relative tozys = 2.42630

contributions of the eleven transitions: 11560, CA1656; 2 Best fit values with errors representing the allowed range on
Cr*11560a, G*11560b, G*11656, G*11657a, G*11657b and logN(H,), not the rms error on the fit. Due to the large uncertainties,
Cr*11561a,G*11561b, G* 11657, G**11658. We first per- only arange is given for component 1 (see text).

formed a fit with seven €components corresponding to the€ Temperatures corresponding to the best-fit values. In sasesc the
seven H detected components. We left however the exact po&pPer-limit on the ratidN(Hz, J)/N(Hz, J=0) is higher than the maxi-
tions of the G components free. We then added @nd finally Mum expected ratio in case of local thermal equilibrium ([Bee??),
Cr™ transitions. To reproduce the overall profile well we had t%nd the corresponding upper-limit 3., doesn't exist.

introduce two weak €components (# 6 and 7) that are not de-

tected in B, but are detected in the low-ionisation metals. We

then then re-performed a fit with nine components, in the sarak transitions are fitted together. Small shifts (see T&d.in
order: first G only, then adding € and finally C**. Finally velocity space betweeni@nd H, components are within uncer-
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