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Abstract. Using the WES echelle spectrograph at the ESO VLT, we observed the absorption line spectrum of the
QSO0 0103-260 in the dks Deep Field. In addition to the expectedda.yorest lines, we detected at least 16 metal absorp-
tion systems with highly dierent ionization levels in the observed spectral range. The redshifts of the metal absorption systems
are strongly correlated with the redshift distribution of the higialaxies in the BrRs Deep Field and with the strength (but

not the number density) of the kyforest lines. Both the metal systems and the galaxies show clustering at least up to the QSO
emission line redshift of 3.365, but only few of these galaxy accumulations seem to form bound systems.

Key words. galaxies: high-redshift — galaxies: quasars: absorption lines — galaxies: intergalactic medium —
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1. Introduction the present paper we describe a similar investigation using data
from the ForRS Deep Field (FDF, cf. Appenzeller et al. 2000;

Observations of high-redshift galaxies and of the absorptipp . . :
spectra of high-redshift QSOs are among the most importg%tldt et al. 2001, 2003b). As pointed out in the papers quoted

. ; : . ove, one of the selection criteria for the FDF was the pres-
sources of information on the first few Gyrs of the cosmic evQy .. ¢ o bright high-redshift QSO (Q 0103-260, cf. Warren
lution. Moreover, since model calculations for the formation Tn i~

laxi dict that galaxi tarted to f b itati % al. 1991; Dietrich et al. 1999) which was included specifi-
ga a:me? bre f'c at ga a)f{'e? ze_lr ?h % orm }{/ g[_"’“ll' a II(I) Illy for the purpose of studying such correlations. Although
contraction ot gas concentrated in the deep potential Wells Ry, o oyrse of the survey 7 additional QSOs were detected in
the dark matter, at high redshift the intergalactic gas dens

. FDF, Q 0103-260 is still the only > 2 quasar which is
and the galaxy density are expected to be closely correlatS ght enough for high-resolution spectroscopy
The details of this correlation are expected to yield impor- '

tant information on the formation history of galaxies and on The_mam emphasis of the present mvestlga'_uon_ls on Fhe
%orrelatlons observed between the galaxy redshift distribution

the interaction of young galaxies with their environment. A ) .
demonstrated recently by Adelberger et al. (2003), the winagd the redshlfts_ of the metal line systems C,Jf Q 0103-260.
owever, some information on therHabsorption towards

and the UV radiation of young galaxies can ionize the sJF'— .

rounding gas and can thus produce gaps in the Lyman for959103'260 is also presented.

line distribution in the spectra of QSOs. Since atomic nuclei

heavier than those of Lithium cannot have been formed during

the Big Bang, the metal absorption features of the IGM contain Observations and data reduction

valuable information on the population content and star for-

mation history of the early galaxies (see e.g. Songaila ZO(ﬂ‘,e da_ta present_ed here are based on observations carried out
Pettini et al. 2002). Studies of IGM absorption lines in th& Service observing mode in November and December 2000

spectra of QSOs and of high-redshift galaxies along the saii? UVES, the Ultraviolet andVisual Echelle Spectrograph
line-of-sight promise useful information on the questions mef! the Nasmyth platform B of ESO's VLT UT2 (Kueyen) on
tioned above. Investigations of this type have been carried &0 Paranal, Chile. For all observations the red armafs)

in the southern Hubble Deep Field (HDF-S) by Tresse et 4fith @ central wavelength of 5200 A and a slit width f (te-
(1999) and by Cristiani & D'Odorico (2000), and in the direcSulting in @ usable spectral range of 4166-5164 A and 5230-

tion of 8 high-redshift QSOs by Adelberger et al. (2003). |ﬁ212A and a (measurdeWW HM) spectral resolution of almost
exactly 40000), was used. The wavelength gap near the cen-

* Based on observations obtained withit$ at the ESO Very Large tral wavelength is due to the gap between the CCDs of the
Telescope, Paranal, Chile (proposal No. 66.A-0133). UVES red-arm detector mosaic. Further technical information
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Table 1. Observing dates and conditions. =
Lyman «a
Date Start (UT) Airm. Seeing Remarks 200 L ]
Nov. 17 02:17:38 1.00 "B-08 r
Nov. 17 03:10:22 1.03 'B-08
Nov.18 03:19:15 1.05 ‘@08 o L ]
Nov. 18 04:12:13 1.15 'B-08 y i . Lyman §
Nov.19 03:19:53 1.06 "®-08 E g and oVl NV
Nov.19 04:12:44 117 '®-08 © ol E ]
Dec. 14 00:40:34 1.00 ”6-¥'3 moonlight r - Lyman o forest
Dec.16 02:46:52  1.23 "G-0'9 i ° s
50 B -
on UVES can be found in the ¥Es User's Manual (D’Odorico
et al. 2002) on the ESO Web page. o LI A e ey oo oo 1
The total integration time of about 6.9 hours was spl 4500 5000 5500 6000

into 8 individual exposures of 3100 s each. During most nighis Wavelength (A)

the observing conditions were photometric. One exposure Wag. 1. The complete WEs spectrum of Q 0103-260. The gap ex-
somewhat degraded by moonlight contamination. Basic infdending from 5164 A to 5230 A resulted from the space between the
mation on the individual frames is listed in Table 1. All origitwo CCDs of the WES red arm CCD mosaic.
nal spectroscopic frames are available from the ESO archives
in Garching. accuracy of this function. As all absorption lines are very nar-
In order to obtain some information on the spectral regioow compared to QSO emission features, we were not inter-
corresponding to the YEs CCD gap, we supplemented outested in the true (non-thermal and thermal) continuum emission
high resolution WES observations with a medium resolutiorof the quasar. Instead, we tried to derive the quasi-continuum
(measuredFWHM resolution 2800) spectrum covering théormed by the superposition of the true continua and the broad
spectral range 4530-5820 A usingis2 with Grism 1400V emission lines and blends of the QSO. As this quasi-continuum
at the ESO VLT UT2. The 8! per resolution element of theis difficult to predict from models, it was determined empiri-
medium resolution spectrumisl00. cally from local 5th-order polynomial fits through apparently
Since the WEs observations were carried out in servicéine-free sections of the observed quasi-continuum. This pro-
mode using standard settings, the basic spectroscopic dedure is relatively safe in the red spectral region, even at the
duction procedures (bias correction, background subtractiposition of broad emission lines (except at the peak of the Ly
cosmic ray removal, flat-field correction, order extraction, skymission line, which was omitted from the following analy-
subtraction, wavelength calibration, merging of the orders asi¢). However, due to the large number ofeLgbsorbers, the
resampling to a common wavelength scale) were carried out assumed quasi-continuum blue-ward of therlgmission line
ing ESO’s WES pipeline reduction procedures. Flux standarpeak depends somewhat on the subjective judgement of the re-
star observations (with a ¥Gslit) were obtained once duringality of apparent continuum islands between the Ly forest lines.
each of the observing nights and were used for a flux calibia-order to estimate the uncertainties possibly introduced by
tion of the reduced data. this subjective judgement, we repeated the procedure of se-
The identification and subsequent analysis of the absotgeting the fulcrums and the subsequent interpolation 10 times.
tion lines was based on the catalog of Morton (1992), what positions where the guasi-continuum level appeared uncer-
lists below 2000 A vacuum wavelengths. Moreover, the linin, we used, on purpose fidirent assumptions in thefEkr-
fitting programmeVPFIT was used which assumes vacuurent runs. The 10 versions of the quasi-continuum were then
wavelengths as input. Therefore, in addition to the helioceaveraged, and the variance between tliedint versions was
tric radial velocity correction, a transformation from air wavedsed to estimate the accuracy of the continuum derivation. We
lengths to vacuum wavelengths was applied to all spectra. Tfosnd diterences of the local continuum level derived in this
conversion was carried out following thefigial IAU rules way of up to 7% in the region of the By Ovi and Lyy emis-
(Oosterhdf 1957, based on Eelii 1953). sion lines. In most parts of the spectrum, however, the devia-
The final spectrum resulting from the co-addition of théons were a few percent at most. Therefore, the uncertainties of
individual reduced spectra and representing a total integratibe continuum level, while present, should not have influenced
time of 24 800 s is displayed in Fig. 1. It has a continuufN S the statistical conclusions described in this paper. We also note
per resolution element of about 35-50 in the wavelength rangat we checked for, but did not find any evidence for, a possi-
4200-5160 A and about 50-65 in the range 5230-6210 A. Thie under-corrected zero-order contamination, as described by
mean error of the wavelength calibration (as derived from tiRauch (1998), which could have influenced our measurements.
dispersion solution) is about 10 mA in the blue section and
about 7 mA in the red section of the spectrum.
Since this investigation deals with the measurement o’f
absorption features, somdf@t was devoted to determine aAlthough the present study concerns mainly the investigation
suitable and meaningful continuum level and to assess tifethe metal lines in the spectrum of Q 0103-260, it was

3. Line profile fits
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important to first get some information on the d.yabsorp- La b _

tion lines which form the great majority of the absorption fee BRI I
12 -

tures in the observed spectrum. According to Carswell et
(1984), the profiles of typical Ly lines in high-resolution
(FWHM < 25 kms?) QSO spectra can normally be approxi
mated by Voigt profiles. Each line can hence be characteriz

by its Doppler parametds = /2kTng* + btzurb, the column

densityNy;, and the redshift.
The line profilel (1) for each line is then given by

Flux

1(2) = loxe™W (1)

where the optical depth(2) is =02 po MAAMAA. A L A A i n o et A N A

7(2) = Nrirof \/7_1'CAC10_8 x V(a, u) ) o4 s T U 0
bv2In2 Wavelength [A]

andV(a, u) is the Voigt profile function. Fig. 2. Example of the spectral fits obtained witfPFIT. The nor-

A powerful and convenient fit program for Ly forest lines jgnalized observed spectrum and the model spectrum (smooth !ine) are
the codeVPFIT which is based on the above assumptions arg&)tted for a 20 A section of the Lyman forest. Also plotted is the

. . iference (for clarity downshifted by 0.25) between the fit and the
which has been developed by Carswell etal. (1984). 1t is avad'ata. The narrow lines at4703-4705 A are metal lines (811394 at

able from ¢uw.ast.cam.ac.uk/~rfc/vpfit.html). ThiS 5 375 20 Fe12383 atz ~ 0.974). The tick marks above indicate
program, which useBly, b, andz as fit parameters and min-ye positions of the line centroids of the lines found by the fit proce-

imizes a suitabley® function of these parameters, was useglire. For the saturated region near 4708 A (where the fit is ambiguous,
throughout the present study. see text) assuming a blend of three lines gave the best result.
The main application of/ PFIT was the identification and
fit of the Hi absorption lines in the region blue-ward of thelly
emission. As a first approximation, all these lines were asor this purpose, we calculated and compared various statisti-
sumed to arise from hydrogen. Hence, the identified metal ling® quantities and functions, which are briefly described in the
were also included in the fit. SincéPFIT works best with following paragraphs. To avoid confusion with thedforest,
small data “chunks”, the spectrum was divided into 16 sectiofgatures caused by the strongQines, and the broad blends
of roughly 40 A overlapping by up to 5 A. Each section waslose to the Ly emission peak, the lyforest analysis was re-
fitted separately. stricted to the wavelength range from 4530 to 5165 A. In this
Normally, following Kim et al. (2001), more lines shouldwavelength range the fit procedure resulted in the detection of
be added to an existing fit 2 > 1.3. In some cases where423 lines. Of these lines, 49 were removed from the sample
regions contained either a saturated line or a multitude of vdigcause their small line widthb & 15 kms™*) made an iden-
weak lines with column densitiédy < 1025 cm™2, 2 had to tification with metal absorption more likely, or because a too
remain greater than the 1.3 threshold. (Fixing this threshold d8W (Nki < 102> cm2) or too high (N > 10*° cm?) column
viously is to some extent arbitrary, and increasing the numb#gnsity made their analysis uncertain. Therefore, only 374 “re-
of components normally improves the fit. There is, however, tigble” lines were used in the following analysis of the Lyman
guarantee that a better fit, i.e. a smajtéris always physically forest. However, since the fraction of discarded lines is still
“more correct”). small, the concentration on the “reliable’t Hines should not
Tests with dfferent continuum normalizations and with fil-have had any significant influence on the statistical results.
ters applied to the spectrum before the fitting procedure showedA plot of the H line fit from 4530 to 5165 A as well
that the fit results for lines with 13.2 < logNy, < 155 are as a line list derived from this fit is available on the web
very robust against suchfférences in the data handling. FoBite http://www.astronomy.ohio-state.edu/~frank.
very weak lines (log\y; < 12.8) and for saturated lines, the fitThe corresponding catalog lists the redshifis, the column
results were found to depend on details of the data reductiégnsitiesNy;, and the broadening parametbrtor the reliably
Thus, the results for such lines should be taken with care am@asured Ly absorption lines.
anybody wishing to make use of our results on very weak or For the 374 lines selected in this way we investigated the
saturated lines should repeat the data reduction. following quantities and relations:
An example of the results of the line fitting procedure
with VPFIT s given in Fig. 2. 4.1. Column density distribution function
The column density distribution function (CDDF¥,(Nu)),
measures the number of absorption lines per unit column den-
In order to verify that the intergalactic medium in the directiosity (in units of cnt?) and per unit absorption path (defined as
of the FDF has normal properties, we compared our new da{a) = 1/2 [(1+2)?— 1.0] for g = 0.0, which was adopted here
with other Lyman forest studies of QSOs at similar redshiftprimarily for the reason of comparability to data sets by other

4. The Ly « forest lines



476

S. Frank et al.: Metal absorption systems of the FDF QSO 0103-260

authors) as a function dfiy,. It is comparable to the luminos-cut-of in the observed column density vs. Doppler parameter
ity function in the study of galaxies. For the CDDF of thealy distribution.
forest of Q 0103-260 we find that the distribution can be well The resulting temperatures ef15000-20000 K at the

approximated by

f(Nui) = 7.1x 10° N2

which is in good agreement with earlier results demonstrat
that the CDDF can always be approximated by a power |
with an exponent nearl.5 (Hu et al. 1995; Lu et al. 1996; Kim

mean column density dfly, = 1.9 x 10'3 cm2 are in good
agreement with photoionization models.
From the above comparisons we conclude that thefby-

this redshift and that the IGM along the line of sight to
0103-260 has normal properties.

%it of the FDF quasar has parameters which are rather typical

et al. 1997; Kirkman & Tytler 1997; Kim et al. 2001; Weymann

etal. 1998; Lu et al. 1991).

4.2. Line number density

For the line number density, defined as

dN _ (dN
dz

E)0 1+2)7

where dN is the number of lines per redshift range (j%—’;')o
is the local number density of the forestq(1 + 0.4), andy ~
2.19+ 0.27, according to Kim et al. (2001), we find for .63
NH < 16.0:

Iog(%—';l) =2.27+0.05

5. The metal lines
5.1. Line identifications

About 10% of the absorption lines in thevies spectrum be-
long to UV transitions of common ions of elements heavier
than He in various ionization states. Following astrophysical
traditions, all such lines are called “metal lines” in this paper.
Except for very weak and very strong lines, the metal lines
in the UVES spectrum are easily recognized on the basis of
their lower line width (see e.g. Fig. 2). As suggested by Rauch
et al. (1997b) we assumed all reasonably strong lines with
b < 15 km s to be metal lines. In order to assign these lines to
certain atoms, ions, and redshifts, we used the following pro-
cedure: first, we identified the absorption lines connected with
the QSO and its immediate environment. From earlier studies
of the FORS Deep Field it is known that Q 0103-260 is embed-

at a meare of 2.99, which falls exactly on the correspondingjeq in an accumulation of bright starburst galaxies at nearly

relation derived by Kim et al. (2001) far> 1.5.

4.3. Mean HI opacity

For the mean orféective H opacityres, defined as

the same redshift (Heidt et al. 2003a). Hence, we expected
(and found) strong absorption line systems superimposed on
the quasar emission lines. Because of their association with the
guasar emission lines and their known redshifts (within 0.01 of
the emission line redshift) these lines could be readily identi-

e’ =< e > (where<> indicates averaging over the wavefied independently of their width. In total we found three dif-

length) we obtain foz = 2.99 the value 86 + 0.05, which ferent groups of lines witl ~ zgso. In Table 2 these redshift
is again in excellent agreement with the results of Kim et &jroups are labeled (in the order of increasing redshift) as z1,

(2001) and others.

4.4. Line counts

z2, and z3.

As a next step, we used our identifiedaLforest lines to
look for metal emission at the redshifts of the strongest un-
blended Habsorption lines. The rest wavelengths and expected

The number of lines in a giveninterval as a function of the |ine strengths of the metal lines were taken from the catalog of
flux thresholdF, and the number of lines as a function of th&lorton (1992). For those narrow lines which were still uniden-
filling factor, defined as the fraction of the spectrum occupiefiied after this step, we calculated mutual wavelength ratios
by pixels whose normalized flux is smaller than a given flughich were compared with those expected for common Ly for-
threshold~, again, were found to agree with the correspondingt metal lines (making use of the fact that wavelength ratios
functions derived in earlier studies (Kim et al. 2001; Schayge invariant to the redshift). At the high spectral resolution of
et al. 1999; Outram 1999; Kirkman & Tytler 1997; Hu et alyvgs, this method is particularly powerful for identifying lines
1995; Lu et al. 1996; Press et al. 1993). belonging to multiplets. For each line we then calculated the
redshift. A metal absorption system was assumed to be estab-
lished when at least 3 lines or blends (in some cases including
an Hi line) were found to have redshifts not deviating by more
than 0.0001. Having established a metal system in this way, we
The distribution of the Doppler parametefor the Lya lines searched for other expected lines at the same redshift.

can be well approximated by a Hui-Rutledge distribution (Hui Using this procedure, we were able to identify more
& Rutledge 1999) wittbyr = 138 kms' andb, = (237 + than 80 metal lines or blends belonging to 16 redshift sys-
2.8) kms. In order to derive information on the tempertems. About 20 (mostly weak) sharp lines remained unidenti-
ature of the IGM, we investigated the relationship betwedied. Lines were assigned to the same redshift system if their
the (baryon) density and the temperattirdy looking for a profiles overlapped for at least one metal line. With few

4.5. Doppler parameter distribution
and temperature-density relation
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Table 2.Line list for the three metal line systems with redshifts clos@able 3. Line list for the metal absorption line systems with

to that of the QSO emission linebl denotes the minimum number2.1 < z< 3.2.
of velocity components observed in the line profile. An asterisk in the,

last (Re) column points to a comment in Sect. 5.2. “bl” in this column  Agps Ident z N EW m.e. Re
indicates that the line is significantly blended. A A A
4300.5 Ot 1038 3.145 2 0.045 .020 *
Aobs Ident z N EW m.e. Re 51346 N 1239 3.145 2 0.047 021 *
(R) A (A) 51511 N 1243 3145 2 0.041 .020 *
z3 5531.2 QI 1335 3.145 2 0.019 .020 *
4267.2 QG 977 3.367 4 <.67 bl 5776.7 Siv 1394 3.145 2 0.194 .029
4506.8 O 1032 3.367 4 <20 bl 5814.2 Siv 1403 3.145 2 0.130 .025
4531.7 O 1038 3.367 4 <20 bl
5269.3 Sim 1207 3.367 4 <.68 .038 * 4271.2 On 1038 3.116 2 0.029 .020 *
54104 N 1239 3.367 4 1503 .032 4966.5 Sin 1207 3.116 2 0.347 .035 *
5427.8 N 1243 3367 4 1.222 .020 51156 N 1242 3116 2 0.021 .012 *
58279 QI 1335 3.367 4 0.032 .015 5737.3 Siv 1394 3.116 2 0.154 .023
6086.6 Siv 1394  3.367 <0.05 57744 Siv 1403 3.116 2 0.120 .022
6125.9 Siv 1403 3.367 <0.05
z2 45574 N 1239 2679 1 <0.04 0.015 *
4262.8 Qn 977 3363 4 <26 bl 5695.6 Qv 1548 2679 1 0105 .013 *
4318.5 NI 990 3363 7 0.329 .060 5705.0 Qv 1551 2679 1 0.063 .013 *
4502.4 Ot 1032 3363 7 <29 bl
45272 O1 1038 3.363 7 <38 bl 5508.6 Qv 1548 2558 1 0.268 .023
5264.1 S 1207 3.363 7 1190 .066 5517.8 Qv 1551 2558 1 0.169 .022
5405.1 N 1239 3363 7 2.072 .057
54225 N 1243 3363 7 1444 061 4958.3 Siv 1394 2558 1 0.042 .020
54226 Gr 1335 3.363 <.04 5507.8 Qv 1548 2558 1 0.155 .021
6081.1 Siv 1394 3363 7 1280 .072 5517.0 Qv 1551 2558 1 0.090 .013
6120.3 Siv. 1403 3363 7 0.906 .065
z1 4703.3 Siv 1394 2375 2 0430 .030
42560 Qm 977 3356 4 0920 .029 47337 Siv 1403 2375 2 0.385 .040
44949 O1 1032 335 5 <40 b 52244 Qv 1548 2375 2 0350 .068 *
4519.8 On1 1038 3.356 5 <4.2 bl
5255.6 Sim 1207 3.356 5 0.460 .035
53964 N 1239 3356 5 0490 .042 43306 G 1334 2245 2 0188 .00 *
54138 N 1243 3356 S5 0290 .037 45228 Siv 1394 2245 2 0350 .020 *
°813.2 @1 1335 3.356 <03 45520 Siv 1403 2245 2 0290 015 *
60712 Siv 1394 3356 5 0430 .028 49542 Si 1527 2245 2 0.068 .025 *
6110.5 Siv 1403 3.356 5 0.290 .030 5023.9 Qv 1548 2245 2 s bl
5032.3 Qv 1551 2245 2 ? bl
. . 6018.6 Am 1855 2245 2 0.109 .010
exceptions each system contains several components. IN SOMgy44 5 A 1863 2245 2 0045 010
cases an optimal line fit required the assumption of up to
16 components. However, as pointed out above, optimized432o96 ar 1334 2244 2 0042 .014
line fits may overestimate the number of real components. 45217 Siv 1394 2244 2 0112 .020
Therefore, we determined for each system also a lower limit 4551.0 Siv 1403 2244 2 <11 bl
of components by counting the profile components which were 5022.7 Qv 1548 2.244 2 <.19 bl
directly visible on our spectra. The metal lines and blends,
for which reliable observed wavelengths or equivalent widths 4421.8 Siv. 1394 2173 1 0.133 .010
could be measured, are listed in Tables 2 to 4. Lines and blend*450.5  Siv. 1403 2173 1 0.095 .011
belonging to the same system are grouped together. In case4911.8 Qv 1548 2173 1 0360 .020
where only one component of a doublet is listed, the second®884-2 Al 1855 2173 1 0032  .015
component could not be measured because of blending. But i209-6  Ar 1863 2173 1 0042 .016
a_II these_cases it has been verified that the spectrum is CoN- 0108 av 1548 2172 1 0180 015 *
sistent with the presence of both components at the expected4919 0 av 1551 2172 1 0457 016 *
absorption strength ratio. The individual columns of the tables ' ' ' '
give the mean observed wavelength of the line (averaged overygss > gy 1548 2124 1 0168 .010
the individual velocity components), the line identification, the 48442 gv 1551 2124 1 0122 .012
approximate mean redshit the lower limit of velocity com- 5793.6 Alm 1855 2.124 1 0.031 .019
ponentsN, the total observed equivalent widtB&V (derived 5818.8 AIm 1863 2.124 1 0.015 .015

by summing up the contributions of all individual velocity
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Table 4. Line list for the two metal absorption line systems near = 2.679:

z=0.974.
Except for the three lines listed, all lines coincide with regions
Aobs Ident 2 N EW me. Re of strong and complex blends.
A) A A
4688.1 Fa 2374 9744 5 0260 .080 bl  ,_ 375
47045 Fa 2383 9744 5 0.399 .030 bl
5107.0 Fa& 2587 9744 5§ 0.240 .035 bl EW(CivA1548) has been measured in therE spectrum.
51337 Fa 2600 9744 5 0.438 .030 bl NvA11243 is clearly detected, but not measurable because of
5521.1 Mgr 2796 .9744 5  1.080 .040 too severe blending.
5535.2 Mgar 2804 9744 5 0.880 .030
5632.8 Mg 2853 9744 5 0.235 .030 2 = 2.245:
4626.8 Fa 2344 9737 3  0.020 .030 bl The system consists of more than two (at least 3, possibly 7)
47029 Fa 2383 .9737 3 <0.130 * components. The wavelength aB#lV values refer to the two
51320 Fa 2600 .9737 3  0.026 .050 strongest and best defined components only. The line ratios in-
5519.2 Mgr 2796 9737 3  0.229 .030 dicate a much lower ionization parameter than observed in the
5533.4 Mgr 2804 9737 3 0.120 .030 other systems.
56319 Mg 2853 9737 3 0.030 .030
z=2172:

components), and their mean errors. An asterisk in the Ig$te only statistically significant metal lines are those of tine C
column indicates a comment in the Sect. 5.2., whereas “bEsonance doublet. 1Si is not detected, but the well defined
denotes blending with other lines (usuallyf)HFor some sharp lines and the excellent agreement with the theoretical
lines blending made it impossible to derive reliable equivalewavelength ratio makes it very likely that the identification of
widths. We then give as upper limits tf&V which the line this weak system is correct.

would have if the contribution of other lines were negligible. In

addition to data for reliably detected lines, some upper limits

or non-significanEW values have been included in the table§ = 0-9737:

if these values provide information on line ratios important fofhe Fa112383 A line could not be measured accurately be-
the derivation of the ionization parameter or the plasma defuse of an uncertain continuum level at the corresponding
sity. For many redshift systems, additional lines are visible {gavelength. The strong lines of low ionization stages indicate

the UVES spectrum, but cannot be measured because of blefight the ionization parameter is much lower than in the systems
ing. This applies in particular to wavelengths below 4500 it higher redshifts.

where the Ly and LyB forests merge.

o ) 5.3. General properties of the observed metal systems
5.2. Remarks on individual metal absorption systems

5.3.1. The metal absorbers with zzps ~ z SO
z = 3.367 (z3): abs ~ Zem(QSO)

As mentioned above and listed in Table 2, there are three strong
At least part of the absorption at the expected position of t%sorption systems with lines ofi€; Nm, Nv, Ovi, Sir, and
Siur resonance line seems to be due terLfherefore, only sjry, at redshifts close to the quasar’s emission line redstft
an upper limit for the Si1 absorption can be given. Sincasi 3.365, according to Noll 2002). Such systems WGith ~ Zem,
is absent in this system, and since the strength\af@d v \hich are observed in many quasar spectra, and are often re-
suggest a very high ionization parameter, a significamt &-  ferred to as the “intrinsic” absorbers, have been proposed in the
sorption is not to be expected, but cannot be ruled out by qierature to be either due to matter ejected from the QSOs or

observations. to originate in galaxies physically associated with the quasars.
In a few cases evidence for a close association of such systems
7 = 3.145 with the central QSO has been reported, e.g. time-variability

. _ . _of the line strength (Hamann et al. 1995) or partial coverage
All metal lines of this system are weak. Only the lines aiVSi of the background source (Petitiean et al. 1994; Ganguly et al.

are significant detections. 1999). In our case, the known accumulation of galaxies with
about the same redshift around Q 0103-260 (e.g. Heidt et al.
7= 3116 2001) suggests that galaxies associated with the QSO at least

contribute. On the other hand, of the three galaxies with reliable
Weak Qv and Nv and strong Sir indicate a low ionization spectroscopic redshifis~ Zgso and closer than 5 arcsec to the
state. @1, however, is not detected.iBicould be overestimatedline of sight to the QSO only one (object 9003 in Noll 2002)
due to blending with a weakiHine. has a redshift coinciding within the error limits with one of
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the systems listed in Table 3 (z3), while the two other galaxi
have slightly larger (by 0.008-0.013) redshifts, indicating the
they are located behind the QSO. However, there are additio§ F
faint galaxies close to the QSO without known spectroscojg =
redshifts, which could well cause the otlzer zoso absorption 2

systems.

For the system z3 we find a slightly (by about 0.002) highi3
redshift than derived for the QSO emission lines. However, ., 'f
this difference is within the errors of the derivation of the emis% o F
sion line redshift, this result cannot be regarded as evidenceg
a motion of the absorbing gas towards the QSO. =

4465 4470 4475 4480

In Figs. 3 and 4 the profiles of the three intrinsic absor| 15 ———F—————1—————
tion systems z1 to z3 and the corresponding spectral fits g SR R I
presented. For these fits it was assumed that the same veg [
ity components with exactly the same individual redshifts wes os f
present at all lines, while the absolute and relative strengthg
the components was allowed to vary from line to line. Th
wavelengths of the individual components are, if present, i
dicated in Figs. 3 and 4. A table of the fit parameters and t_f
column densities derived from the fits is also available electrcg
ically from the web page noted above. It is evident from tt5 os |
plotted profiles that each system consists of discrete absc§
tions with diferent velocities and that thefiirent velocity =
components have flerent strengths for fierent lines. As
demonstrated by the figures and Table 2, all three systeg
show very strong high-ionization lines while significant aty " f
sorption features of low-ionization stages (like the resonars os [
lines of A1, N1, Siir, and Q) were not detected. 8i is fairly §
strong in z1 and z2, but not detected at z3. On the other hand®
absorption feature is present at the expected position of thie £
line of the z3 system. However, the profile of this feature indi-

: : . JFig. 3. Line profiles of the blends produced by the metal absorption
cates that at least part (and possibly all) of this feature is dslfi/gé,tems z1 to z3 with redshifts close to the quasar emission line red-

to Lye. A comparison with photoionization models (see e'%hift (thin line). Also included is the model spectrum produced by the

Bergeron & Stasinska 1986; Steidel 1990; Songaila & COWfﬁ procedure (smooth thick line) and the mean error of the observed

1996) indicates that the ionization paramdtéwhile high for spectrum (thin line close to the zero level). The solid tick marks above
all three “intrinsic” systems) increases from z1 to z3. Hencge spectra indicate the centroids of th&etient line components as-

it appears likely that the apparentisline of z3 is in fact due sumed for the fit. Dashed tick marks represent the centroids et H

to HI at a lower redshift and that1Si (and lower Si ionization other redshifts added to obtain adequate fits. The relatively large resid-

stages) have been destroyed by strong radiation short-wardia$ near Ly are due to a detector defect (at 4249 A) and the omission
the He break. of lowerz Ly« lines in the fit.
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Because of the relatively few significant line strength mea-
surements our data do not allow to derive reliable quantitative

values for the densities, ionization parameters and abundances . )
in the observed metal systems. From B/ ratio Nv/Sirv it 10niZation stages not being detectable. Only one sysiem (

is clear, however, that the lines are formed in a plasma of ré1242) Shows significant absorption by low-ionization lines.

atively low density and a very high ionization parameter, and The high state of ionization of the metal systems listed in
that the ionization parameter is decreasing with decreasing ré@ble 3 agrees well with the theoretical predictions of Rauch
shift. Such a behavior is to be expected if the redshift is relatedial. (1997a) and Haehnelt (1997) who used hydrodynamic

to the distance and if the QSO provides the ionizing radiatio§omputations to calculate the spatial distribution and line ab-
sorption of low-metallicity intergalactic gas at high redshift.

From a detailed comparison of the relative line strengths in
5.3.2. The metal absorbers with 2.0 < z < 3.2 Table 3 with the calculated column densities of Rauch et al.

(1997a), we find the high-ionization lines (such asiONv,
Compared to the “intrinsic” systems all observed metal sy€iv) to follow the predictions rather well. The theoretical re-
tems at lower redshifts have line ratios indicating lower ionizaults of Rauch et al. (1997a) also provide a plausible expla-
tion parameters. Most of these systems, though, are dominatation for the weakness of absorption lines of low ionization
by high-ionization lines too, with lines from neutral or singlespecies such asCwhich are expected to be present only in the
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Fig. 5. The two MgFer absorption systems at~ 0.974. Also plotted
Fig. 4. Line profiles of the blends produced by the metal absorptigs the model spectrum (thick smooth line). The tick marks again indi-
systems z1 to z3 with redshifts close to the quasar emission line regdte the positions of the centroids of the lines assumed for the fit. The
shift, continued. The Hblends between the threeisifeatures could two strong absorption lines at 4703.1 A and 4703.5 A in the bottom
not be fitted unambiguously and, therefore, were excluded from the fiknel are due to 8111394 atz = 2.375.

rare cases where the line-of-sight passes through a high den%i%/'& The Mg/Fe Il systems at z ~ 0.974

core of a protogalactic clump of the intergalactic gas. While there are several sharp lines in the red part of the spec-
The agreement with the predictions of Rauch et al. (1997s)m which are suspected to be due to low-ionization lines at
is less good for species with intermediate ionization potentiagoderate redshifts, only two metal systems with redskifts
In particular, we find the $ and Sitr lines listed in Table 3 to could be reliably identified. The profiles of the strongest lines
be on average stronger and the resulting/8iv and Siv/Nv  of these two systems with almost identical redshifts 0.974)
column density ratios about 10 times higher than predicted fie presented in Fig. 5. Both systems consist of various com-
a metal-poor gas with a solar relative composition. As in tH@gnents and show a complex structure. The plasma producing
case of the measurements of Songaila & Cowie (1996), tiese lines has a relatively low ionization level, comparable to
discrepancy is smaller if our data are compared to the calébat of most of the interstellar matter in our galaxy and the gas
lations made assuming the chemical composition of galacgibserved in lonz metal absorption systems (see e.g. Bergeron
metal-poor stars. But even in this case, ouvSines are on & Boissé 1991).
average too strong by about a factor of 4.
A comparison with Misawa et al. (2002) indicates that t :
observed number density offiCsystems withEW > 0.15 A hbe Correlations
in the redshift range.2 < z < 3.2 along the line-of-sight to Because of the relatively small observedalyedshift range
Q 0103-260 is normal for a QSO at this redshift. Although a@nd the presence of the superimposed metal lines, the distri-
ditional systems with smalldfW values are present in Table 3pution of the Lyr absorption-line redshifts provides only lim-
our data provide no evidence for a high abundance of weitdd information on the cosmic structure along the line-of-sight
metal systems. to the observed quasar. In particular, we found for the redshift
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Fig. 6. The redshift distribution of FDF galaxies with accurate spectrJ9- 7. The normalized flux in the QSO spectrum showing the strength
scopic redshifts in the range®< z < 3.7. The broken vertical lines Of the Lya absorption as a function of redshift. Also given are the
indicate the redshift positions of the metal absorption systems falliffshift positions of the metal absorption systems in this redshift range
into this range. Note that the close groups of metal systems near (ygrtical broken lines) and the histogram of the redshift distribution of

redshifts 2.172, 2.244, and 2.558 (cf. Table 3) are not resolved on #i§ FDF galaxies (scaled by a factor of 0.1). For this figure thiesJ
scale and appear as single systems in this figure. spectrum has been smoothed to a resolutiofizcf 0.005. It has been

normalized to the continuum level of the unsmoothed spectrum. Note
that the strong broad absorption featureg at 2.70 and 2.72 are in
range 27 < z < 3.3, where we have the most reliable data offct due to Q1 absorption az = 3.36. The Lyr absorption at 2.68 is
the Lye absorption, a number density distribution of thexly contaminated by Ly atz = 3.36 and Ly of this redshift contributes
lines which is almost fully consistent with a random distripf® 1€ feature at2.49. Most other strong features are duedo Ly
tion of the absorbers along the LOS. A clustering signal could
be detected only for the two-point correlation function in the
lowest velocity rangeAv < 50 kms?) and in the step optical to 0.1 lower than the corresponding metal line strengths in the
depth function (Cen et al. 1998) for velocity separatiefiss Z = 2.558 systems. We regard these largéedences as clear
10 kms. The clustering signal is higher for the systems witBvidence for strong local variations of the metal enrichment at
higher column density. This result is in good agreement withis redshift.
earlier reports on the clustering of Lyman forest lines on small The existence of photometric and spectroscopic redshifts
scales (see e.g. Webb 1987; Hu et al. 1995; Lu et al. 199@: a significant fraction of the FDF galaxies allows us to com-
Chernomordik 1995; Cristiani et al. 1995, 1997). Howevepare the redshift distributions of the galaxies with those of the
while little structure is evident in the number density distribuabsorption line systems discussed here. At present photomet-
tion of the Ly absorbers, structure is indicated in the total Hic redshifts are known for about 6500 FDF galaxies (Bender
absorption as a function of redshift (cf. Fig. 7). More speciftal. 2001; Gabasch et al. 2003) while so far (accurate) spectro-
ically, we find an absence of high column density absorptisgopic redshifts are available for only about 270 galaxies (Noll
and a lower-than-average total dyabsorption in the redshift 2002; Noll et al. 2003). Some properties of the QSO absorp-
interval 28 < z < 3.1. tion line distribution (such as the lower-than-average density
More interesting information on the distribution and thef objects at B < z < 3.1 and an over-density near the red-
properties of the absorbing gas along the LOS to Q 0103-280ft of Q 0103-260) are also indicated in the distribution of
is provided by the redshift distribution of the metal-line sysghe galaxy’s photometric redshifts. However, the accuracy of
tems and by a comparison of this distribution with the galaxghotometric redshifts is much lower than that of thesd ab-
redshift distribution in the FDF. From Tables 2 to 4 it is obsorption line redshifts and generally too low for a meaningful
vious that the metal absorption systems also tend to clusterdgiailed comparison. The available spectroscopic galaxy red-
small scales. Moreover, no metal absorption system is detec3bits (m.e. about 0.002) is adequate for the present purpose,
in the redshift range.8 < z < 3.1 where the Ly absorption butthe number of available redshifts is uncomfortably small for
is weak. A comparison between the redshifts of the indivigtatistical purposes. Fortunately, the FDF spectroscopic observ-
ual metal absorption systems and those of the afpsorption ing programis biassed towards high redshift objects. Therefore,
lines shows that (as expected) detected metal line systemdeilthe redshift range.R < z < 3.4, corresponding to (most of)
ways correspond to strong kyabsorption. On the other handthe metal line redshifts in this investigation, the present spec-
there are strong Lyabsorption features without detectable cotfoscopic catalog is50% complete for a limiting-magnitude
responding metal absorption. A notable example is thealy- 0f 24.0. At least for thigz range the present spectroscopic red-
sorption atz = 2.758. The total Ly absorption of this system shift catalog can be regarded as representative sample which
is similar to or slightly stronger than that for the two systems aan be used for the present statistical purposes.
z = 2.558, but no metal absorption is detectable. The upperlim- Figure 6 presents a histogram of the distribution
its for the Qv and Siv absorption are by factors of at least 0.05f the presently available accurate spectroscopic redshifts
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2.0< z< 3.7 in the FDF. Also indicated in this figure are theedshift distribution has been scaled by a factor 0.1. The fig-
redshifts of the metal absorption systems of Q 0103-260 (brae clearly shows the lower-than-averagerlabsorption and
ken vertical lines) in this range. In order to avoid meaningletise absence of metal line systems and galaxy redshifts in the
small numbers and in view of the expected peculiar velocitiggerval 280 < z < 3.05 (corresponding to a comoving dis-
of the galaxies, we used histogram binsAaf = 0.01. If the tance of about 300 Mpc). It is also interesting to note that the
redshifts of the 77 galaxies included in Fig. 6 were distributesttong Lyr absorption near = 2.76 (which does not show
randomly we would have to expect on average 0.45 objects perresponding metal absorption), while not exactly coinciding
bin and a Poisson distribution of the actual number of objeatsth the redshift of a galaxy spectrum, nevertheless falls into a
per bin. While the population of most bins is roughly consisedshift region where galaxies are observed.
tent with this assumption, various bins show highly significant We also checked our data for evidence of the weakening
(corresponding to 3 to &) deviations. In particular, the clus-of Ly« absorption at the redshift of starburst galaxies close to
tering of galaxy redshifts at thevalues 2.245, 2.34, 2.37, 2.48the LOS reported by Adelberger et al. (2003). Although some
3.14 and 3.38 cannot be explained by statistical fluctuationsodfour foreground galaxies are close enough to potentially pro-
a random distribution. Also statistically significant is the totaluce such anféect, our numbers are too small to provide reli-
absence of objects with redshift¥8 < z < 3.03. Such strong able conclusions on this question.
deviations from a random distribution of the galaxy redshifts, As noted above, only two metal systems with (almost iden-
which have been found and discussed before in the contexticél) redshifts<2.0 could be reliably identified in our V&S
other deep fields (see e.g. Cohen et al. 1996; Steidel et al. 198 ctrum. Figure 8 shows the distribution of the presently avail-
Giavalisco 2002) are obviously the result of the cosmic largable spectroscopic redshifts and the position of the two (on
scale structure. In most cases the galaxies included in a sirthis scale coinciding) metal system redshifts. When interpret-
redshift bin are distributed over the whole FOV of the FDF. limg Fig. 8, one has to keep in mind that (in contrast to Fig. 6)
general, the velocity dispersion in the redshift clumps relatitke overall redshift distribution in Fig. 8 is stronglyfected
to the (minimum) observed size of these structures are too lalgean observational (negative) biafexting galaxies in the
to form bound systems, although in some bins (such as in tteglshift range 1.2—2.0 (cf. Noll 2002). On the other hand, the
strong peak near= 2.37) many objects have the same redshifimall scale structure of the redshift distribution in Fig. 8 should
within the error limits, making it likely that these accumulabe representative. As illustrated in Fig. 8, the redshifts of the
tions are or are becoming bound and are precursors of galag detected lowz systems again coincide with a clustering of
clusters. galaxy redshifts. However, the plot also shows that there are
As shown by Fig. 6, 13 of the 16 metal system redshifteany other such clusterings at low redshifts for which no ab-
coincide with populated galaxy redshift bins. In the absenserption lines were detected. A reason that just the systems at
of a correlation (i.e. assuming random distributions) less tharz 4= 0.974 are observed could be the fact that some galaxies
such coincidences are expected to occur. Hence, Fig. 6 providéth this redshift are exceptionally close to the line of sight to
not only strong evidence for the presence of large-scale str@0103-260. One galaxy falling into the corresponding redshift
ture in the galaxy redshift distribution, but also for a stronigin (No. 4442 in the catalog of Heidt et al. 2003b) has an an-
correlation of the galaxy distribution and the metal absorbegalar distance of only about Y1While it still appears unlikely
which obviously trace the same large-scale structure. The fwt gas of this galaxy is responsible for the observed metal
that no galaxies have been found at the redshifts of the methkorption, there are several galaxies with similar photometric
absorptions system with redshift 3.116 and the two adjaceatishifts (but no spectroscopic data) even closer to the LOS
systems near = 2.558 can readily be explained by the incomto the QSO, which may be associated with FDF 4442. These
pleteness of our spectroscopic survey. More interesting is tje@axies appear to be relatively normal late-type galaxies which
fact that for the conspicuous clustering of galaxy redshifts neaould well produce the observed redshifted interstellar absorp-
z = 2.34, in spite of a thorough search at the expected wau@n features.
lengths, no trace of corresponding metal absorption systems
could be detected. Whether &yabsorption is present at this .
redshift, cannot be tested with our data since the correspozd-conCIUSIonS
ing wavelength is outside ourwsis spectrum. Interestingly, the Our analysis of the absorption lines of the quasar Q 0103-260
galaxies belonging to this clusteringffdir from the other red- and a comparison with spectroscopic redshifts of FDF galaxies
shift groups by a pronounced clustering tendency on the skgnfirm that the absorbers’ redshift distribution traces well a
with the center of their distribution about 2 arcmifithe LOS common large scale structure. The fact that the number density
to the QSO. of the Ly lines shows no significant deviation from a random
For the small spectral range, where simultaneous inforndistribution in the observed redshift range, while the total H
tion on the Ly lines, the metal lines, and the galaxy redshifibsorption shows variations, seems to indicate that the Ly for-
distribution is available, we have included the data for all thresst clouds in the region investigated show systematic local vari-
components in Fig. 7. For this purpose, thedd spectrum has ations either of their density or of their ionization level, corre-
been smoothed to a redshift resolution of 0.005 to be compated with the galaxy density. The presence oflglouds of
rable with the resolution of the galaxy redshifts. Moreover, thegh neutral H column densities in the FDF region is found
UVES spectrum has been normalized to the likely continuuta be highly correlated with strong metal line absorption and
level in the unsmoothed spectrum. The histogram of the galatkee presence of starburst galaxies at the same redshift. This
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