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Abstract. We report on detailed Monte Carlo inversion analysis of fivei@ystems from the spectrum of the bright quasar
HE 0515-44144,,= 1.71). The associated systemzgik= 1.697 with the neutral hydrogen column dendi{fH1) = 4.4 x

10" cm 2 shows pronounced absorption from highly ionized transitions of, C1v, N v, OvI, Si1v, and probably $1. We
found that only a power law type ionizing spectrudy ¢ v~°) is consistent with the observed sample of the line profiles,
i.e. the system is definitely intrinsic. The relative metal abundances give almost the solar pattern and the metaikcity of
times solar. The system originates in a thin shell of the line-of-sight thicknesslé pc. Two OVI systems atu,s= 1.674
([C/H] ~ -1.6) and 1.602 ([@H] ~ -1.1), arising in intervening halos, have linear sizesLof 3-14 kpc and~17 kpc,
respectively. Absorption systemszgs= 1.385 ([QH] ~ —0.3, L ~ 1.7-2.5 kpc) and,ps= 1.667 ([GH] ~ —0.5, L ~ 1 kpc)
exhibit characteristics very similar to that observed in metal-enriched high velocity clouds in the Milky Way. These systems
are probably embedded in extremely metal-poor halos witRIJ& —2.4 (Zys= 1.667) and [@H] < —3.7 (Zaps= 1.385). We

also found two additional extremely metal-pooraLgystems at.ps= 1.500 and 1.681 with, respectiveN(H 1) ~ 1.7 x 10'°

and 18 x 10'® cm? and [GH] < -4.0 and< -3.0, — an indication that the distribution of metals in the metagalactic medium
is utterly patchy. Our results show that the ionization states in the analyzedl@3orbers, ranging from~ 1.4 to 1.7, can be
maintained by photoionization only and that the fraction of the shock-heated hot gas with tempBgatured® K is negligible

in these systems.

Key words. cosmology: observations — line: formation — line: profiles — quasars: absorption lines —
quasars: individual: HE 0515-4414

1. Introduction gas density and a random velocity field. The metal abundances

. ) within the absorber are constant (the validity of this assumption
In recently published paper, Reimers et al. (2001, hereaflgliq o ssed in Levshakov et al. 2003a), the gas is in the thermal

RBHL) reported on the identification of six @ absorption o jonization equilibrium, and it is optically thin in the ioniz-
systems in the redshift range88 < z < 1.73 found in the light 4 b4 ckground radiation. The intensity and the shape of the
of the luminous quasar HE 0515-44%4, = 1.71,V = 149 g}otoionizing radiation are considered as external parameters.

(Reimers et al. 1998). Here we present the physical parame o . . . .
and metal abundances for four of these systems and for a fj pSW'thm the absorbing region the radial velocity) and the

t . ; . .
new one. The analysis was performed with the Monte Caroal .volumetrlc gas de.nSIWH(X) along the I!ne of sight are
: : . - : . o considered as two continuous random functions represented by
inversion (MCI) algorithm which is described in detail in ou

previous publications (Levshakov et al. 2000, hereafter LA hﬁ;tisoanrgrlegzg(ljuuiz 6:; ebq;sagg/ zmﬁd;@:rﬁjﬁﬁ&%}j an-
Levshakov et al. 2002). Since this technique is relatively nea/ P P

. S ; néaling. Fractional ionizations of ftierent elements are calcu-
we briefly outline its basics below.

. . . . lated at every space coordinatevith the photoionization code
The main assumption of the MCI procedure is that all I'”%LOUDY (Ferland 1997)

observed in an intervening absorption system arise dora

tinuousabsorbing gas slab of a thickndswith a fluctuating Using the MCI, we estimate the following physical char-

acteristics of the intervening gas cloud: the mean ionization
Send gprint requests toS. A. Levshakov, parqmeter, Fhe total hydroge.n column densi, the line- .

i~ . . of-sight velocity and density dispersions of the bulk material
e-mail:lev@astro.ioffe.rssi.ru ) )

* Based on observations with the NASZSA Hubble Space (ov and oy, reSPeCt'Vely)_' and the Ch_em'c"_il abundanzgs
Telescope, obtained at the Space Telescope Science Institute, wRicR!l €lements involved in the analysis. With these parame-
is operated by Aura, Inc., under NASA contract NAS 5-2655; arl§f'S we can furth.e-_r Ca|CU|§te the mean gas number d.emlﬁ_lty
on observations collected at the V/Klueyen telescope ESO (Paranalthe column densities for fierent speciedl,, the mean kinetic
Chile), under programme ID 066.A-0212. temperaturely,, and the linear sizd.. This comprehensive
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information makes it possible to classify the absorber more re- The structure of the paper is as follows. The observations

liably and hence to obtain important clues concerning the physe described in Sect. 2. Physical states of tha &bsorption

ical conditions in the high redshift objects. systems are outlined in Sect. 3. Notes on individuali@b-
While interpreting results of the MCI, the following shouldsorbers are given in Sect. 4. The obtained results are discussec

be taken into account. For every point within the line profilen Sect. 5, and we draw our conclusions in Sect. 6.

the observed intensity results fronsaperpositiorof different

ionization states (for details, see Fig. 1 in LAK). The value of

the mean ionization parametdy is related to the parameters2. Observations

of the gas cloud as (see Eq. (28) in LAK) ] . ] ) o
Observations and data reduction are described in detail in

Up = Mph (1+ 02). Q) RBHL. Here we list the main characteristics of the data ob-
No y tained which are relevant to the present study.

e HE 0515-4414 was observed with the HSTIS in
\flanuary and February 2000, with the medium resolution NUV
echelle mode (E230M) and a2« 0.2 aperture which provides
4”3 fw ( J, ) dv a resolution 0~30000 FWHM =~ 10 km s). The spectrum

912 —

Herenpn is the number density of photons with energies abo
1 Ryd which is determined by

Moh = (2)  covers the range between 2279 A and 3080 A where the mod-
erateSN ratio (between 10 and 20 per resolution element) is

wherec, h, v, J,, andJg1 are, respectively, the speed of lightachieved.

the Planck constant, the frequency of the Lyman limit, the mean Echelle spectra of HE 0515-4414 were obtained during

specific intensity of the radiation background averaged over®lh nights between October 7, 2000 and January 2, 2001 us-

lines of sight, and the mean specific intensity at the hydrogeiy the UV-Visual Echelle Spectrograph (UVES) installed at

Lyman edge (in units of erg crAis ™t Hz 1 srl). the VLT/Kueyen telescope. These observations were carried

Equation (1) shows that if the density field is fluctuatingut under good seeing conditions (0.47-0.70 arcsec) and a slit
(oy > 0), then with the same mean densityand the same width of 0.8 arcsec giving the spectral resolution~&5 000
background ionizing spectrum a higher valudJgfcan be re- (FWHM =~ 6 km s%). The VLT/UVES data have very hig§N
alized without any additional sources of ionization. Intermittenatio (between 50 and 100 per resolution element) which allows
regions of low and high ionization caused by the density fluas to detect very weak absorption features.
tuations will occur in this case along the line of sight leading The observed wavelength scales for both sets of data were
to a lower value of the total hydrogen column densily as transformed into vacuum heliocentric wavelengths. The cali-
compared with a homogeneous gas slab modgl£ 0). On prated spectra were added together using weights proportional
the other hand, for a givedo the mean gas density, is also o their SN.
higher in fluctuating media. Since = Ny/ng, the value of
the linear size calculated under the assumption of a fluctuating
gas density is much smaller as compared to that obtained fef & v| absorption in photo- and shock-heated gas
model of a constant gas density.

One of the problems in the interpretation of thevOab- The observation and interpretation of the extragalactie &b-
sorbers is a high overabundance of oxygen compared to otdefption systems is closely linked to cosmological simulations
elements, in particular, to carbon and especially to silicon (e@. hierarchical structure formation which predict that a sub-
Carswell et al. 2002) which is obtained from the photoioniz&tantial fraction of intergalactic gas is shock-heated to high
tion models assuming a homogeneous gas density. It is wimperaturesT, ~ 10°-10’ K) at low redshift and that a
known that the metal abundances measured in the absorp@ieRsiderable fraction of baryons (up t&0%) resides in this
systems depend in a crucial way on the adopted spectral shagarm-hot” gas phase at = 0. With increasing redshift, the
of the ultraviolet backgroundi(< 912 A). A mean metagalac- fraction of baryons decreases rapidly (down-&0) atz = 3
tic spectrum of the UV radiation as a function nimay be (€.9., Cen & Ostriker 1999; Davét al. 2001). Recently ob-
estimated from theoretical calculations (e.g., Haardt & Mad&ined results indicate that the cosmological mass density of
1996, hereafter HM; Fardal et al. 1998), but for every particultite lowz O vI systems may be comparable to the combined
system one can never exclude that the shape of this spectrugpgmological mass density of stars and cool gas in galaxies and
affected by local sources (see, e.g., Reimers et al. 1997; Kriggay gas in galaxy clusters at loa(Tripp et al. 2000).
et al. 2001; Smette et al. 2002). However, if the system con- The interpretation of the ®1 lines is not, however, straight-
tains metal lines of many ions inféiérent ionization stages andforward, especially when we are dealing with highystems.
the relative abundance ratios of the elements are known eitfie resonance line doublet of\@may arise in both collision-
from observations (e.g., in galaxies or stars) or from theoretigily (T > 10° K) and photoionizedT ~ 10* K) gas. Moreover,
calculations of stellar nucleosynthetic yields, then it is possibilee absorbing region may be not homogeneous, a gas slab may
to restore the spectral shape of the ionizing continuum respte- exposed to a time-dependent source of ionizing radiation,
sible for the ionization states in a system under study. We ussad what we observe may be a mixture offelient phases,
this approach in the present work while analyzing the absokghich may not be in ionization equilibrium (e.g., regions
tion systems at,ps= 1.385, 1.602, 1.667, 1.674, and 1.697. behind shock fronts).

Jo12) v
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Fig. 1. Relative column densities (in units of the total hydrogen cofig 2. Relative column densities (in units of the total hydrogen col-
umn d_ensn)_/l\lH_) plotted asa fun_cngn c_)f the lonization parameter ymn densityNy) plotted as a function of the temperatdréor a highly
for a highly ionized gas in photoionization equilibrium (the UV backionized gas in collisional ionization equilibrium. Photospheric solar

ground fieldx v~1®). Photospheric solar abundances from Grevesseglyndances from Grevesse & Sauval (1998) are used.
Sauval (1998) are used.

To outline the main characteristics of an absorption Syge, — 1018 cn2, then atTy, = 3 x 10° K the central opti-
tem arising in the collisionally or radiatively ionized gas, it isgg) depths of these species and their Doppiparameters are
however, worthwhile to consider an equilibrium situation. A¢ follows:to(Lya) = 0.014,by, = 73 km ST; 70(C1V1s4g) =
non-equilibrium case should lie between the results obtaing$qo ., = 21 kms?: 7o(N Viz3g) = 0.015byy = 20 km s
for collisional or radiative equilibrium. In this regard, it is VerYandro(O Viigsy) = 1.40,boyi = 18 km s,
illustrative to compare column densities of the most abundant For the abundancesfirent from the solar values the es-
lons calculated for a simplified model of a plane parallel 9%ated optical depths of the metal lines can be scaled corre-
slab that is either in photoionization equilibrium in a radiaé ondingly using Eq. (3) and the curves from Fig. 2
tion field or in collisional equilibrium at a given temperatdre P gy 9 =a. g2
The gas is assumed to be optically thin in the ionizing Lyman
continuum. o

If we defineN,; as the total ion column density of ele-4- Results on individual O VI systems

ment *a” in theith onization st_ageNa_ 2i Nai) and‘_ra. In this section we consider @ systems observed in the spec-

Nai/Na as the fractional ionization of ioris, i}, then their rela- - .

. S . trum of HE 0515-4414. All physical parameters listed be-

tive column density in units of the total hydrogen column den-" . . :
. o low in Table 1 were derived using the MCI procedure as de-

sity Ny is given by

scribed in LAK. The internal errors of the fitting parameters

. - . Uo, Ny, oy, oy and Z, are about 15%—-20%, the errors of the
Na,l/NH = ZaTa,l B (3) Y ..
measured column densities are less than 5% for the $igh
whereZ, is the metal abundance. UVES data and of about 15%—-25% for the modeBRteSTIS

Figures 1 and 2 show the relative column densities of HSPectra. It should be noted that the errors of the fitting param-
C1v, Nv, and OvI (for illustration, solar abundances are usedgters reflect merely the configuration of the parameter space in
p|otted against the ionization paramdﬂgfor the photoioniza_ the vicinity of a minimum of the objective function (thlS func-
tion caused by the power law backgrouddo y~15 (calcu- tion is defined by Eqgs. (29) and (30) in LAK). To what extent
lated with CLOUDY), and against for the collisional ion- the recovered parameters may correspond to their real values is
ization case (the ionization fractions are from Sutherland @iscussed separately for each individual absorption system.
Dopita 1993). In both cases @ dominates for high exci- In some systems with rather high neutral hydrogen column
tation conditions. The photoionization equilibrium is charadensities N(H1) ~ 10 cm?] we did not detect any transi-
terized by strong hydrogen lines in the range Ubgs -1 tions of high or low most abundant ions in the observational
where all metal absorptions can be observed simultaneousiinge from 2279 A to 6662 A. We will call such systems for-
In collisional ionization equilibrium Ly is much weaker in mally as “metal-free” throughout the text with all reserve for
the range % < log(T) < 6.0 where Ovi is the most read- a probability that they may contain transitions in the far UV-
ily observed ion in the ultraviolet range. At these temperatureéange like Qv 15541, Ov 16297, Ovil 2216, Ovir 119.0
other lines (@v andor N V) are also very weak and hardly ob-or Nevi 14652, and Neviir 17704 A. The upper limits on
servable in real spectra. Indeed, if we assume an absorbethefcolumn densities of ions from the observational range were
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calculated in the following way. We define the equivalent width
detection limit,oim, as (Levshakov et al. 1992): F
0.5
oim = A ((SINY2M + 2MP) 7 4) N
Here (S/N) is the mean signal-to-noise ratio at the expected L
position of an absorption liné; = o/C is the accuracy of the =
local continuum fit over the width of the lind4 = 25xFWHM 3
is the full width (in pixels) at the continuum level of a weak
absorption line, and\ is the pixel size in A. In calculations :
we usedM = 10, i.e.A1/2 = sFWHM/C. 25 |
Equation (4) shows that the minimum detectable equivalent st
width, defined a®im = 3cjim, is very sensitive tothe accuracy . £ T

L

of the continuum fitting, ant, increases as the data become . 7 | ‘iv ot ‘l’VH vt
more noisy. g NI NIV NV I
For a weak absorption linerd < 1) the column density ~— *°F Ju L
does not depend on the broadening paranieterd is propor- e e T e
tional to Wiim: Log E, Ryd
Nim = 1.13x 102 % cm2 (5) Eig. 3. UV-background ionizing continu_a used in the present calcula-
,13 f tions. The spectra have been normalized so #héty = 1 Ryd) =

. . . ... 1.0. Shown are: HM — a mean metagalactic spectrum=a2 with a
wheref is the oscillator strength for the absorption transitioRye.rement at 4 Ryd to account for Hattenuation in intervening ly

Ao is the line-center rest wavelength in A, @l is the rest- cjouds as computed by Haardt & Madau (1996); MF — an AGN type
frame equivalent width. Using this linear approximation to thgsectrum deduced by Mathews & Ferland (1987), erd — a single
curve of growth, we calculated the upper limiig,, listed in  power law spectrund, « v"1%. The positions of ionization thresholds
Table 2 (absorption lines used in this analysis are listed dfdifferent ions are indicated by tick marks.
Col. 2). The values oty and f were taken from Morton (1991)
and from Spitzer & Fitzpatrick (1993) for the $i115267 A
line. 4.1. O vi absorber at zyps = 1.697

We also note that the quasar HE 0515-4414, being the
brightest known QSO at > 1.5, has the absolute magnituddhe system exhibits a wealth of ions. Namely,N{H 1) =
M =~ -30 (assuming2 = 1 andHy = 75 km st Mpc™?) 4.4x 10" cm? (see Table 1) we observe absorption lines of
and, thus, its luminosity i ~ 2.5 x 10" erg s*. Three Cmi, C1v, Nv, Ovi, Si1v, and probable 81 (as far as we
O VI systems — that atps= 1.667, 1.674 and 1.697 — are noknow the ion S/1 has never been observed in low Eolumn
far from the QSO emitting regioMgem-ans =~ 476Q 4000 and density systems at high redshift). Besides, there are continuum
1500 km s?, respectively), and hence the intensity of the inciwindows” at the positions of the @ 1334 A, Si 1260 A,
dent continuum emitted by the quasar may exceed the valud\aft 989 A, and Simt 1206 A lines which can be used to con-
amean intensity of the background ionizing radiation at the pgtrain the ionization state in the cloud. Thus we can expect that
sitions of these absorbers. According to HM, the Lyman-limibe ionization corrections and, hence, the metal abundances for
specific intensityde;» of the metagalactic field & ~ 1.6-1.8 all elements will be estimated with aféigiently high accu-
is about 05 x 102! erg cn? st Hz™! srl. If the velocity racy. This gives us a unique opportunity to restore the shape of
differencesAvem-ans are caused entirely by the cosmologicahe local ionizing continuum if we further take into account the
expansion, then the proper luminosity distances between theasurements of the relative abundances in spiral and elliptical
QSO and the absorbers ahs= 1.667, 1.674 and 1.697 aregalaxies. For instance, the abundance ratiog-efements (in
14.6h;é Mpc, 12,21;% Mpc and 4_31;5} Mpc, respectively, and our case Si and S) to oxygen appear to be universally constant
the corresponding local Lyman-limit specific intensities due @nd independent on metallicity (Henry & Worthey 1999).
the QSO ar = 1.67isJg ~ 20x 102t ergcm? st Hz 1 srt The metal lines in theyps= 1.697 cloud are completely re-
andJo ~ 1.0x 102 ergcm? st Hz" 1 srt atz = 1.70 (as- solved with both STIS and UVES spectral resolutions. The line
suming a single power law spectrum for the quasar continuymrofiles of diterent ions at dferent ionization stages demon-
at1 < 912 A with the spectral index = —1.5). The value strate similar narrow core&WHM =~ 20 km s. This fact
of Jo becomes comparable withy;» only for thezy,s= 1.602 unambiguously indicates that the turbulent broadening domi-
system wherdg ~ 0.3x 102! erg cnm? st Hz ! srl. These nates over the thermal one, and as a consequence the kinetic
estimatedlg values were used to calculate the mean densitiesnperature of the gas containing highly ionized ions must be
np and linear sizet of the Ovi systems. considerably lower than.2 x 10° K — the value estimated

In our study we used fferent ionizing background spec{rom the width of the Ov1 1037 A assuming a pure thermal
tra, some of which are shown in Fig. 3. For every system, viae width. However, even i, = 1.3 x 10° K, then the
started calculations with a HM spectrum, and if it failed to réenization fractions of N and Ovt in the collisional ioniza-
produce self-consistently the observational data another tygies equilibrium areYyy = 0.034 andYoy = 1.1 x 1075,
of photoionizing continua were tested. respectively (e.g., Spitzer 1978; Sutherland & Dopita 1993).
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Table 1. Physical parameters of thev®@ systems toward HE 0515-4414,{ = 1.71) derived by the MCI procedure.

453

Parameter Zaps= 1.385 Zaps= 1.602  zps= 1.667 Zaps= 1.674 Zaps= 1.697
) &) 3 4) ®) (6) 7 (C)

uva mHM HM HM y18 HM y18 y18

Uo 0.11 0.11 0.26 0.20 0.18 0.07 0.06
Ny, cm? 1.2E18 9.9E17 8.1E18 1.1E18 5.5E19 1.7E19 4.8E17
oy, kms? 18.8 18.8 29.3 14.0 53.7 53.0 19.2
oy 0.4 0.5 0.9 0.3 0.9 0.9 0.4

Zg 1.2E-4 9.3E-5 <7.5E-6 7.0E-5 1.8E-6 5.7E-6 1.3E-3
Zn <2.1E-5 <2.1E-5 <2.7E-5 1.2E-5 <3.0E-7 <5.0E-7 3.0E-4
Zo 3.8E-4 4.5E-4 4.4E-5 1.7E-4 1.9E-5 4.1E-5 3.3E-3
Zsi <3.5E-5 <3.5E-5 <1.3E-6 <2.0E-6 2.3E-4
Zs . 8.0E-5
[Zc]© -0.31+0.09 -0.42+0.08 <-151 -054+015 -213+009 -163+0.09 072+0.08
[Zn] <-0.61 <-0.61 <-151 -0.85+0.15 <-241 <-221 055+0.12
[Z6] -0.11+017 -004+017 -105+023 -046+020 -141+012 -1.08+0.12 083+011
[Zsi] <0 <0 <-14 <-12 084+ 0.15
[Zs] 0.57+0.15
N(HT1), cn? 5.6E13 5.3E13 1.4E14 2.2E13 9.3E14 1.3E15 4.4E13
N(C ), cnm2 7.0E12 5.5E12 <1.3E12 9.0E12
N(N 1), cm2 <2.1E12
N(Sitm), cnr2 <4.0E10
N(C1v), cnr? 1.8E13 1.7E13 <3.5E12 1.4E12 9.1E12 8.2E12 6.8E13
N(Si1v), cni? <1.0E11 <1.0E11 . . <6.4E10 <7.0E10 2.4E11
N(N v), cni? <4.9E12 <4.9E12 <2.9E12 1.4E12 <1.6E12 <1.8E12 4.4E13
N(O i), cn? 1.0E14 7.6E13 5.1E13 5.0E13 1.1E14 1.1E14 4.5E14
N(SvI), cnr? 5.7E12
No, CN3 1.5E-4 2.0E-4 1.6E-4 4.1E-4 8.3E-4 2.1E-3 >1.0E-2
(Tkiny, K 2.5E4 2.3E4 4.3E4 3.3E4 4.5E4 3.7E4 1.9E4
Tm”, K 1.8E4 1.9E4 3.0E4 2.9E4 3.0E4 2.6E4 1.6E4
Ta K 2.7TE4 2.8E4 5.3E4 3.8E4 7.5E4 5.3E4 2.2E4
L, kpc 2.5 1.7 17 0.9 14 2.7 <1.6E-2

8 HM (mHM) is a Haardt-Madau (modified Haardt-Madau) type spectrum (see text).
® Zy = X/, [Zx] = l0g(Zx) — 109(Zx)o.
¢ errors of gZx] include uncertainties in the solar abundances as well.

4 more probable values of, andL are, respectively, 0.2 cth and 0.8 pc as discussed in Sect. 5.

The measured column densitiéN v) = 4.4x 1013 cm™? and abundance ratio [©] was too low: [GO] < —0.7 which is in
N(OvI) = 4.5 x 10 cm™2 would require a unrealistic overso-clear contradiction with the observations of extragalactic H
lar abundance ratio [®/]* = 3.74. Thus we can conclude thategions showing [@0] 2 —0.5 (Henry et al. 2000). Thus, the
the fraction of the collisionally ionized gas is negligible in th&lM spectrum has been ruled out.
Zaps= 1.697 cloud and that the ionization state within this cloud Since this system is probably located not far from the
should be determined by photoionization only. quasar, its ionization state can be directljeated by the
An attempt to describe this system using a HM ionizin@SO emission. Unfortunately, the exact shape of the far UV
spectrum atz = 1.7 gives inconsistent profiles of the continuum of HE 0515-4414 is not known (it was observed
977 A and Qv 1548, 1550 A lines: the observed amount abnly in the rest frame region > 740 A, see Reimers et al.
Curis much less than the computed one. Moreover, the relatil/@98). To approximate the ionizing continuum we used several
._power law type spectra(ranges from-1.2 to—1.8) as well as
L [X/Y] =log (X/Y)-log (X/Y), . Throughout the text photosphencgp AGN typi/apsperc):trum ((jedSced by Mathews &)Ferland (1987,
solar abundances for C ar?d O are taken from Allende Prieto etrﬁe'reafter MF). The MF continuum was also rejected because
(2001, 2002), for N and Si from Holweger (2000), and for S fro )
Grevesse & Sauval (1998).
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Fig. 4. Hydrogen and metal lines associated with thg= 1.697 OvI absorption system toward HE 0515-4414 (normalized intensities are
shown by dots with & error bars). The zero radial velocity is fixedat 1.6971. Smooth lines are the synthetic spectra convolved with
the corresponding point-spread functions and computed with the physical parameters from Table 1, Col. 8. Bold horizontal lines mark pi
included in the optimization procedure. Spectra obtained with the/AES and the HS/STIS spectrographs are marked by UVES and
STIS, respectively. The normalizgd,., = 1.10 (the number of degrees of freedoms 276).

it produced an anomalously low Si abundance inconsistent witansity ny(x) distributions already obtained (see Fig. 5) and
the relative (to solar) abundances of othezlements O and S. the metallicities chosen in such a way that the synthetic spectra
Among the power law continua the optimal fitting was foundid not exceed b- deviations from the observed normalized
with @ = —-1.5. intensities.

The obtained results are listed in Table 1, Col. 8 and il-
lustrated in Figs. 4 and 5. In Fig. 4, parts of line profiles in- The identification of 1 should be considered, however,
cluded in the least-squares minimisation are marked by hasiith some caution because of the limit&@l in the STIS data
zontal lines in the corresponding panels. The synthetic profilehich prevents a clear detection of the weaker 944 A com-
of the Nm 989 A, Sim 1206 A and Si1 933 A lines were ponent of the $1 doublet. The observed equivalent width of
calculated in a second round using the veloeity) and gas the stronger 933 A component Wops ~ 52 mA. The STIS
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continuum revealed some strong emission lines gt912 A.

But the observed spectrum of HE 0515-4414 does not show
any strong emission in this region (see Reimers et al. 1998).
Another possibility to enhance the hydrogen column density
could be due to incomplete covering of the continuum source
by the absorbing cloud which makes the saturated lines look
like unsaturated ones (e.g., Petitjean et al. 1994, Petitjean &
Srianand 1999). Obviously it is not the case for the system un-
der study: none of the observed profiles show flattened bottoms
and the doublet ratios for thei€ 1548, 1550 A and N 1238,
1242 A pairs are fuffilled perfectly.

Near solar or over solar metallicities are frequently mea-
sured in QSO environments (Hamann & Ferland 1999) and
in the associated systems (e.g., Petitjiean et al. 1994; Savaglio
0 e e s e e e s e e et al. 1997; Hamann et al. 2000; Papovich et al. 2000; Hamann

et al. 2001). High metallicity is usually explained by rapid and
extensive star formation in the galaxy surrounding the quasar.
Fig. 5. Computed velocity (upper panel) and gas density (lower pan&xtremely high metallicity derived from thegyys= 1.697 sys-
distributions along the line of sight within they,s= 1.697 absorber tem suggests its close physical association with the gitresir
toward HE 05150-4415. Shown are patterns rearranged accordingi#axy. This system is probably a product of the blowout re-
the principle of minimum entropy production rate (Levshakov et gated to a starburst afmt the onset of quasar activity. In this

2002). Theny and L values shown in the lower panel correspond tPegard possible implications to the origin of some high veloc-
a limiting case which assumes that thé&elienceAz.m_ans is entirely ity clouds (HVCs) will be discussed in Sect. 5
due to cosmological expansion. T

Space Coordinate, x = s/L

4.2. O vi absorber at zyps = 1.674
data provide the equivalent width detection limit in this spectral abs

range ofoym = 12 mA if the accuracy of the local continuumrhe absorption system exhibits hydrogen lines up to Ly-7
fitting ¢ is about 5% ands/N = 10. It is seen that formally ang metal ionic transitions ® and Ovi (see Fig. 6). The
Wops > 4im and thus the absorption feature at the expecteghppler widths of the @v and Ovi lines are=20 km s with
position of the 1933 A line is, probably, real. We suggesteg).. , slightly lower thanboy (RBHL). This fact and the co-
that this feature may be attributed tovBand found that the existence of essential amounts of\Cand Ovi requires that
derived sulphur abundance was in line with the abundanceg,gbtojonization play a central role in maintaining the ioniza-
othera-chain elements. tion states in this system.

Figure 4 shows that the observed profiles (portions free Atthe positions of the @ 1334 A and Si1 1260 A as well
from blending) are well represented. The red wing of thetO ;1393 A, and Nv 1238 A clear continuum windows
1031 A is partly contaminated by somed-forest absorption, are seen which implies that the system is highly ionized (the

but'tAhe rO\r’]I 1(:137(;& 'S V:r?riﬂﬁed to t:?notahserv\\//?nd pro?lteﬁwc Cmr 977 A line is completely blended). Thevd 1037 A is
pronounced asymmetry see € gs o ' el.l?)Iended, but the stronger 1031 A component is clear and its

. , ; rofile can be very well fitted to the synthetic spectrum cal-

gion with the space coordinate$6 < x < 1.0 where a strong . .

velocity gradient is detected (see Fig. 5). This figure also shocuslated simultaneously with the carbomCand hydrogen H

no high perturbations in the velocity and density fields alonﬁg\hes'

the line of sight betweer = 0 andx = 0.65. The Lye profile has a distinctive shape — flat bottom of
A linear sizeL < 16 pc was estimated under the assum@?€ Width =100 km slan_d pronounced wings extended over
tion that the velocity dference between the QSO and thgi0 150 kms?. Itis worth noting that similar spectral shape oty
system is entirely due to the cosmological expansion. If the d}2S been observed in tlag,s= 4.81 associated system toward
sorbing cloud has its own significant radial velocity, it could b€ quasar APM BR J0307-4945 withy = 4.753 (Levshakov
situated nearer to the emitting region (this will reduce the li &l- 2003a). Such spectral shapes my be formed in the halos of
ear size of the cloud and increase its volumetric density). TH intervening galaxies with infalling (accretion) or outflowing
size of this system is in line with measurements of other as¢galactic wind) gas.
ciated systems which show the line of sight extension of order The MCI analysis with the HM spectrum produced re-
of magnitude from parsecs to tens of parsecs (e.g., Rauch etalts listed in Col. 6 of Table 1. The gas density= 8.3 x
1999; Papovich et al. 2000; Hamann et al. 2001). 104 cm~3and the linear siz& = 14 kpc were calculated with
The relative metal abundances measured in this systdm= 2.0 x 102 erg cnt? st Hz™! sr! as estimated above.
show almost the solar pattern but the metallicity is abothis value is 4 times higher as compared with, atz = 1.7
5 times solar. The total hydrogen column density could lgiaven by HM, i.e. without additional radiation from the quasar
higher and, hence, the general metallicity lower if the QSthe size of the absorber would exceed 50 kpc.
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Fig. 6. Same as Fig. 4 but for thig,s= 1.674 OvI absorption system. The zero radial velocity is fixed at1.6736. The corresponding physical
parameters are listed in Table 1, Col. 7. Hete, = 0.93,v = 487.

Another type of the UV background was also tested. Being The question is whether this system is physically associated
shifted at only~4000 km s from the QSO, theaps= 1.674 with the quasar environment or not. The virial mass of the ab-
system may be directly influenced by the quasar radiation. Téarber is estimated ad,;, ~ 10° M, and if independent from
results obtained with a power law ionizing continuum £ the QSO, its proper luminosity distancels= 12.2 h;é Mpc.
-15,J9 = 20 x 102t erg cm? st Hz! srt) are shown Such masses are comparable to that of dwarf galaxies whereas
in Fig. 6, whereas the corresponding physical parameters tire distance ok10 Mpc is consistent with distances between
givenin Col. 7, Table 1. galaxies. The measured metallicity/[J ~ 1/40— 1/130Z,

is within the range of metal abundances found in galactic ha-

los. Thus, we may conclude that the most probable origin of
The measured abundance pattern [I98(CIog(NO), and  {he 7, — 1.674 absorption system is an external halo of some

log(O/H)] is similar for both types of the UV background specineryening galaxy located not far from the QSO and directly
tra and consistent within the uncertainty range (the accuragycied by its radiation.

of ourZ¢ andZp values are about 15% and 25%, respectively)

with that observed in the extragalactiaiHegions (Henry et al.

2000). The synthetic spectra are also indistinguishable in thes8. O vi absorber at z,s = 1.602

two cases. Unfortunately, many elements fromzhe= 1.674

system are represented by their upper limits. Besides, we ldigre are several unsaturated hydrogen lines and a weak O
not observe dferent ionic transitions of the same element (liké031, 1037 A doubletin this system (see Fig. 7). We also used
Curand Crv, or Nt and Nv) which could help us to select thecontinuum windows at the expected positions afi®77 A,
most adequate ionizing continuum. However, the relative abalv 1548 A, and Nv 1238 A to constrain the ionization state
dance ratio [ZO] = —0.55+ 0.15 measured for the model withand metallicity of this system, and a window at the position of
the power law spectrum shows formally a better concordarie& to control theN(H 1) value.

with the [GO] values observed in the extragalactic metal-poor The system was analyzed with the HM spectrum. The re-
H 1t regions ([GO] = —0.5) than the ratio [¢H] = —0.72+0.15 sults obtained are given in Col. 4, Table 1, the observed and
measured with the HM spectrum. But this uncertainty in theverplotted synthetic spectra are shown in Fig. 7. The volumet-
shape of the ionizing spectrum does not hamper the classifida-gas density and the linear size of the absorber were esti-
tion of the present system as a metal-poor highly ionized afrated for the value 0dy;, given by HM forz = 1.6. Since
sorber with the linear size of several kiloparsecs. the total number of ions is small, the accuracy of the oxygen



S. A. Levshakov et al.: ®1 absorbers toward HE 0515-4414 457

s e B A B o e yHywykuwy”wy”wyf?
1 Ert et mgl= i I !
0.5 F E i f i f
OE =ax H 11215, UVES C IV 1548, UVES
Ely | |, L 1y ———
£ e T e [ e 0.9 =1+ R L
1 E b 4 H H
i P oy ' E 1%}[
TIRANT oed ey
o5 Fiti oo B3 bE3 j }}H { }
= H 1972, STIS ] [ 1
o kb = N V 1238, UVES
B i b b e 1 09 L v L v e L
o e 9 e T e
C ] = 3 1
1H ! W LI 1:”“im—’_{wni?
T it I 1oty E 3
o i ] 0.5 —
05 £ C I 977, STIS _] o E 0 VI 1031, STIS 7
Co v by P v b Do 1 1 1 e 1 ]
oo oo o =0 100 e T T e T e
15 EI_J_IWII;
Relative Velocity (km s-1!) S ! B £ I
0.5 -
E 0 VI 1037, STIS 7
(O o —
ol L
—-100 —50 0 50 100

Relative Velocity (km s-!)

Fig. 7. Same as Fig. 4 but for thi,s= 1.602 OvI absorption system. The zero radial velocity is fixed-at1.6019. The corresponding physical
parameters are listed in Table 1, Col. 4. H,e;‘lf]g;1 =1.00,v = 163.

abundance estimation is rather lows50%. The accuracy of component ahv =~ 140 km st is much more abundant in neu-
the column density determinations are about 10% and 20% foal hydrogen.
N(H1) andN(O vi), respectively. The metal-rich subsystem shows an unsaturated dryd

Here we observe again a low value of the Doppler paranfé@ distinguished absorption in By The measured neutral
terbov, = 125+ 3.6 km s (RBHL) which may indicate that hydrogen column density N(H1) ~ 53x 10" cm? (Table 1,
the kinetic temperature is not very high. The system exhibit§#®!- 3). The saturated lyyand Lys lines of the metal-free sub-
complex structure — two strong subcomponents are seen in@gtem giveN(H1) ~ 1.1 x 10*° cm? andb = 354 km s,
hydrogen Ly profile. The widths of these components are négat are estimated from the Voigt profile fitting shown by the
consistent with temperatures larger thart K0 But the Ovi dotted lines in Fig. 8.
profiles might be caused, in principle, by collisional ionization The OvI system atz,,s= 1.385 was firstly analyzed with
if one assumes that another wide and shallow lspbcom- the HM spectrum at = 1.4. The obtained physical parame-
ponent is hidden in the spectrum. Since, however, there istres are listed in Table 1, Col. 3. In Fig. 8, the synthetic pro-
evidence for a broad hydrogen component, it is not possiblefies (smooth lines) are shown together with the observational
carry out any quantitative estimations for this case. data (dots with 1 error bars) in a wide radial velocity range

According to the recovered values of the physical parar]i?- illustrate diferent metal composition in the metal-rich and

eters (highUp = 0.26, low Z < 1/10 Z,, low gas density Metal-free subsystems.

No ~ 1.6 x 10 cm3, and the line of sight size ~ 17 kpc), We note that the accuracy of the fit to the blue wing of the
the zans= 1.602 system may be formed in the external halo &y« is not suficiently high. The calculatled profile lies slig?tly
an intervening galaxy. The luminosity distance-88h;1 Mpc  Overthe datapointsin the ranggs kms™ s Av s -30km s

implies that this Ovi system is not influenced directly by theand under the observed intensities in the rangs km s* <
QSO radiation. Av $ 0 km s'1. However, the shape of the syntheticaLpro-

file is fixed by the spectral shapes of thevdines which were

observed with considerably high&N and higher spectral res-
4.4. O vi absorber at zaps = 1.385 olution. Any attempts to improve the fitting of the blue wing

of the Ly led to distortions in the synthetic 1@ profiles in-
This system consists of at least two subcomponents with vegnsistent with the data points. For the same reason the red
different chemical compositions: a metal-rich component wing of the Lyw cannot be self-consistently fitted to the model
Zaps= 1.3849 which reveals absorption lines ofi®77 A, Civ  in the range 15 km$ < Av £ 70 km st under the assump-
1548, 1550 A and ®1 1031 A (Ovi 1037 A is blended), tion of a constant metallicity across the absorber. If, however,
and a component shifted @&y ~ 140 km s® and show- we do observe a strong metallicity gradient, then the fitting of
ing no clear metal absorption in the observational range (dbe Lye may be easily improved assuming an additional metal-
Fig. 8). The absorption features seen in tha& @anel in Fig. 8 free component located & ~ 30 km s'. Higher SN data
at Av < -30 km st andAv 2 40 km s! belong to the are required to investigate this spectrum in more detail. Within
N1 11084 A subcomponents from the dampedrvlsystem the present model, we may overestimate the valug(bf) at
atzyps= 1.15 (de la Varga et al. 2000). Surprisingly the secorag,s = 1.3849 by a few percent.
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Table 2. Measured H column densities and upper limits ¢3 for the metal-free systems toward HE 0515-4414.

Parameter Ao, A Zabs= 1.38601  Zyps=1.49985 Zz,,s= 1.66766 Z,,s= 1.68064
1) 2 3 4) ®) (6)
NHD,cm?  Lya,B,v.6,¢ 1.1E15 1.7E15 2.7E14 1.8E15
N(C), cnr? 1334.5 <1.7E12 <1.1E12 <6.0E11 <5.6E11
N(Sim), cnm?  1260.4, 1526.7 <6.7E11 <9.6E11 <7.1E10 <9.0E10
N(Fem), cnr?  2382.8 <5.0E10 <7.6E10 <5.2E10 <6.7E10

N(Cm), cn?  977.0 <4.6E12 <1.8E12 s

N(Sim), cm2  1206.5 <5.9E11 <8.0E11 <1.2E11 .
N(C1v), cnt?  1548.2, 1550.8 <2.9E11 <3.2E11 <3.0E11 <4.5E11
N(Sitv), cm?  1393.8, 1402.8 <2.3E11 <2.2E11 <9.7E10 <7.8E10
N(NV), cnr2  1238.8,1242.8 <7.1E12 <1.8E12 <2.2E12 <1.0E12
N(OvI),cm2  1031.9,1037.6  <1.8E13 <4.0E12 <7.5E12 <3.3E13

The measured values &fy, metallicity, ng, and Tyin are and <—2.5. However, the @1 cloud atAv = 0 km st has
very much alike to those found in tte,s= 2.848 system to- the linear size of2 kpc which is too low for a cloud to be in
ward Q0347-3819 (Levshakov et al. 2003a). We consider tlsisace on its own, so both systems are probably physically con-
similarity as a support for our assumption that these systemescted. Taking into account that thev@system exhibits a high
may be highz counterparts of the HVCs observed in the Milkymetallicity, the structure of two clouds when a metal-poor com-
Way halo. ponent Av = 150 km s?) is surrounded and pressure confined

A relatively low ratio of [QO] = —0.38+ 0.17 at the mea- by @ hot metal-rich gas\p = 0 km s) seems to be quite un-
sured oxygen abundance of $20g(O/H) = 8.65 may, how- physical. A more plausible interpretation of the observed spec-
ever, indicate that the choice of the HM background was nig¢m is that the line of sight intersects some peculiar object
optimal. We tried to investigate this question by using slightfjike a star burst region, a superbuble, an infalling shell frag-
modified HM spectra. As noted by Fardal et al. (1998), ifent etc.) which is metal-enriched and embedded in a metal-
calculated metagalactic UV spectra the strength of the bredgicit halo of an intervening galaxy. This metal-poor gas is
at 4 Ryd (which accounts for Heattenuation in intervening likely to be photoionized since the estimated Doppler parame-
clouds) depends strongly on the assumed opacity model 48P+ = 354kms™ impliesT < 7.4x10°K. If we assume that
given redshift. We found that the derived/{f] ratio is very the incident UV radiation has the HM spectruneat 1.4 and
sensitive to small changes in the value of this decrementt@ ionization state in the metal-poor system is approximately
4 Ryd. For instance, if we modify the HM continuum by dethe same as in the nearest metal-rich system (g2 0.1),
creasing the depth of the break at 4 Ryd by a factor of 1.$en for a constant gas density,(= 0) the conservative limits
(0.1 dex), then [@O] = —0.12+ 0.17 which is in a much better on the total oxygen and carbon column densitiesN(@®) <
concordance with the measurements in the extragalactieH 1.8 x 104 em™ andN(C) < 2.0 x 10" cmr?, while the total
gions. The corresponding physical parameters, calculated witeirogen column density N(H) = 4.4x 10" cm2. Under this
this modified HM spectrum, are listed in Table 1, Col. 2 (th@ssumption, we obtain [] < -2.0 and [GH] < -3.7 and the
accuracy OZC andzo is about 15% and 40%, respective|y)_ linear size of this absorbdr = 90 kpC The upper limits on

The choice of the photoionization model for thes= 1.385 the metal abundances may be increased by about 0.3-0.5 de»

system can be supported by the same arguments as forthe @1d the linear size decreased by several times, if the density is
cloud atzys= 1.674. Namely, we observa:y /bovi =~ 0.6 mhomogeneogs_(e.gr,, ~1). o
(RBHL) as well as a relatively large ratid(C1v)/N(OvI) ~ The metallicity of the pristine gas at the level$0to
0.2 which cannot be realized in collisionally ionized gas. ~ 107°Zo can be already produced by the first Population Il stars
We can also set an upper limit on the metallicity in thée.g., Nakamura & U.memura 2001). At face vglue, our est!ma—
Hons suggest that this metal-free system can indeed consists of

metal-free cloud using the estimated limits from Table 2. ;
primordial gas.

Because of the blended rangefat > 50 km s, we are not
able to judge whether a@ 1977 A absorption is present at
Av =~ 150 km s or not. If we attrlb_ute the gbsorptlon4_5. O vi absorber at Zays = 1.667

feature atAv ~ 150 km s? to the Ci line, then it would

require a highYcy /Ycv ratio and, hence, a low ionizationThis new Ovi system identified in the present study reveals
parameterJo ~ 1073-1072, which gives the gas number denthe striking similarity to the preceding @ absorber at.ps=

sity of ng ~ 102-10"3 cm™ and a cloud size from 10s t01.385. Two close subcomponents with verffelient chemical
100s of pc, assuming the HM background spectrum. The ceaempositions are observed: a metal-rich componemtat
responding carbon abundance limit would beHT <-1.5 1.66695 showing absorption lines ofi€1548 A, Nv 1238 A
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Fig. 8. Same as Fig. 4 but for the,s= 1.385 OvI absorption system. The zero radial velocity is fixedzat 1.3849. The corresponding
physical parameters are listed in Table 1, Col. 3. Hére = 1.20,v = 123. In addition to the.ss= 1.385 system, hydrogen absorption seen at
Av =~ 140 km s? is shown by dotted lines. No metals are detected atthig\ wide absorption feature in the @ panel atAv > 130 km s?

is due to the Fa 11144 A line from the damped lysystem atzy,s= 1.15 (de la Varga et al. 2000), whereas absorption features intine C
panel atAv < —30 km st andAv 2 40 km s are caused by the (11084 A absorption components from thgs= 1.15 system.
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Fig. 9. Same as Fig. 4 but for they,s= 1.667 OvI absorption system. The zero radial velocity is fixed at 1.66695. The corresponding
physical parameters are listed in Table 1, Col. 5. Héfe = 0.91,v = 99. In addition to thez.,s= 1.667 system, hydrogen absorption seen at
Av ~ 80 km s is shown by dotted lines. No metals are detected atthighe absorption features in the ranye~ 125-200 km s? in the
Ov11031 A panel are caused by tha £280 A lines from the damped bysystem atz,s= 1.15 (de la Varga et al. 2000), whereas features at
Av ~ 70 km st and 100 km st are unidentified.

and Ovi 1031 A (Civ 1550 A and Nv 1242 A are too weak, = The observed Ly and Ly3 profiles are shown in Fig. 9
and Ovi 1037 A is partly blended as seeing in Fig. 9), andwahere the overplotted solid lines are the MCI solutions and
component shifted akv ~ 80 km s without any distinctive the dotted lines correspond to the Voigt profiles (centered at
metal absorption both in low (€, Sit, Fer) and high (Sirr, Av = 67.6 km s and 100.0 km =) which were used to esti-
Sitv, C1v, Nv, Ovi) ionic transitions. The @t line is blended mate the totaN(H 1) in the metal-free component.

with strong Lyy absorption from the metal-free systenzat= The metal line profiles are rather wide and shallow (shown
1.681. The second component shows again considerably higiedots in Fig. 9 are their profiles filtered with a median filter to
neutral hydrogen column densiti(H1) ~ 2.7 x 10 cm™ increase the contrast) and exhibit non-Gaussian shapes. Their
(Table 2, Col. 5) as compared to the metal-rich system wispparent widths arEWHMc v ~ FWHMoy; ~ 45+ 3 km st
N(H1) ~ 2.2 x 103 cm2 (Table 1, Col. 5). (Nv is too weak to provide an accurate estimation), and that
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Fig. 10. An example of the metal-free bysystem atz,ps= 1.500 toward HE 0515-414. The zero radial velocity is fixed at 1.499854.
Smooth lines are the combined synthetic spectra of three subcomponents centered atl145, —-27.6, and 11.0 km 3 and convolved
with the STIS point-spread function. The cental components show theNial) ~ 1.8 x 10* cmi2. In panel Ovi, the absorption features at
Av =~ —60 km st and= 40 km s are due to the Lgline from thez,ps= 1.515 system and to theiNL199 A line from the damped lysystem
atz,ps= 1.15 (de la Varga et al. 2000).

of the hydrogen component &b = 0 km st is FWHMy, ~ and time. Lyr systems described in the next section support
56 + 3 km s1. Although the widths of @v and Ovr allow this conclusion.

formally for the temperatur@,, > 10° K, their collisional

ionization should nevertheless be ruled out because the hydro-

gen Ly line is not wide enough and its profile cannot be ex¢.6. Metal-free systems at Zaps = 1.500 and 1.681

tended ovefAu| > 50 km st due to highSN in both hydrogen )

(Av < —50 km s1) and carbon4v > 50 km s?) lines. On The metal-free ab_sorbers shOW|n95a mozderate neutral hydro-
the contrary, the observed profiles of these hydrogen and m&&l column density oN(H1) ~ 10"° cm® are not rare in
lines can be well described assuming turbulent broadening &AaC© SPectra. For instance, in HE 0515-4414 we identified an-
photoionization by a single power law continuuln o y~15 other two systemssagbsz 1.500 an 1.62381 with, respgcnvgly,
normalized at 1 Ryd tdo = 2 x 102 erg cni2 s Hz L s, N(HI) ~ 1.7 x 10" and 18 x 10*® cm™ (the uncertainty is

The corresponding physical parameters are given in Table®pout 6% for both cases) without any clear metal lines in the

Col. 5. The accuracy of the estimated metallicities is not higpServational wavelength range.
(=+0.2 dex) since carbon and nitrogen lines are very weak and Figure 10 represents thelHye, Lyg, and Lyy lines, and
the signal-to-noise ratio in the @ data is rather low. But the the continuum windows at the expected positions of th& C
most probable values of [O] ~ —0.1 and [NO] ~ -0.4 are 1548 A, Nv 1238 A, and O/1 1031 A lines from the for-
in line with the abundances measured in the extragalaatic Hiner system. We find that three components centeréa at
regions with a relatively high metallicity 12 log(O/H) ~ 8.2 -1145, -27.6, and 11.0 km § describe adequately the hy-
(cf., Henry et al. 2000; Centwil et al. 2003). drogen absorption wittN(H1) = 2.7 x 10'4, 6.2 x 10'4, and
1.2 x 10'® cm™?, andb = 31, 34, and 29 km 3, respec-

The obtained metallicity. ~ 1/3Z, number densityo = ey (the combined synthetic spectra are shown by the smooth
4 x 104 cm™ and the linear siz& ~ 900 pc are typical for lines).

the HVCs observed in the Milky Way. We suggest that this sys- . .

tem may be embedded in an external halo of some galaxy at!N Fig. 11, another metal-free system is shown. Here three
Zbs~ 1.667. The wide and shallow metal lines may be e)p_ydrogeq components centered/at = _920’ —340, and
plained if the metal-enriched cloud is driven away by an ouf:9 kmgls with b = %ﬁi?’ 48.0, and 2318 kntz andN(H1) =

flow similar to that observed in the wings of thed jine from 6 X 107, 5.25x 10*, and 113 x 10™ cm™, respectively,

the neighbour system ag,s= 1.674. Using the mean ionizationf't perfectly the observgd h_ydrogen profiles. However, we do
parametetl, > 0.2 for the metal-free systemat ~ 80kms® 1ot detect any absorption in1€ 1548 A, Nv 1238 A, and

and assuming that it is photoionized by the same backgrofgy! 1031 A lines or in the low ions listed in Table 2, Cols. 4
spectrum (i.eJ, o« v-15), we obtain a conservative upper Iimita”d 6. To deduce_the upper limits on tht=T metallicity for both
for the metal abundances in this galactic halgHE< —2.4 systems, we applied the same assumptions as for the metal-

and [OH] < —2.5 (upper limits on the column densities fronfree systems previously described, i.e. photoionization by ei-
Table 2, Col. 5 are used). ther the HM spectrum &= 1.5 or by the power law spectrum

(v = =1.5) atz = 1.68, the mean ionization parametéy < 0.1
Thus, both Ovt systems, that at,,s= 1.385 andzyps= and the upper limits on the column densities from Table 2. The
1.667, show a strong metallicity gradiefd[C/H]/dv|] > estimated limits on the metal abundances arg]G -4.0,
0.02 (km s1)~1, which may imply that the metal enrichmenf{O/H] < —3.0 (zas= 1.500) and [gH] < —-3.0, [O/H] < -2.5
of the metagalactic medium was very inhomogeneous in spgzgs= 1.681), assuming constant density.
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Fig. 11.Same as Fig. 10 but for the metal-freenlsystem at,ns= 1.681. The zero radial velocity is fixedat 1.68064. Smooth lines are the
combined synthetic spectra of three subcomponents centered=at-97.0, —34.0, and 0.0 km s and convolved with the UVES and STIS
point-spread functions. The total neutral hydrogen column densiyHg) =~ 1.7 x 10'> cmi 2. In panel Hi 1025 A, the portion of the Lgline
atAv ~ —60 km slis probably contaminated by the dforest.

We note that extremely low metal abundances are detectedThe most metal-rich system at,s= 1.697 is an associ-
not only in typical Ly forest clouds witiN(HT) ~ 10*° cm™, ated system with metallicity of5 times solar. As mentioned
but also in the so-called Lyman-limit systems (LLSs) havinig Sect. 4.1, such high over solar abundances are usually ob-
N(HI) 2 10 cm™. For instance, in the LLS ats = 2.917 served in quasar broad emission line regions. For example, the
with N(H1) = 3.2 x 10Y" cm?, the carbon abundance at thenetallicity of Z ~ 2 Z, was measured in the,= 4.16 QSO
level of ~0.001Z; was recently measured (Levshakov et aBR 2248-1248 (Warner et al. 2002) and the metallicities of

2003b). Z ~ 4 Z, were detected in the spectra of 11 high redshift QSOs
_ _ (3.9 £ z< 5.0) by Dietrich et al. (2003).
5. Discussion According to galactic chemical evolution models, high

We detected no prominent imprints of ha@ig > 10° K), col- metal abundances in the gaseous environments near QSOs are
lisionally ionized gas in the analyzedv@systems. All of them accumulated over a period el Gyr before the onset of quasar
can be described self-consistently under the assumption of pactivity (e.g., Matteucci & Padovani 1993; Hamann & Ferland
toionization only. 2000; Romano et al. 2002). A galactic wind may be triggered
Our analysis has shown that thevDabsorbers toward the at the point of the quasar’s “turn on” due to the combined ef-
QSO HE 0515-4414 originate infterent environments: the fect of QSO and stars. Calculations show that the more massive
Zans= 1.697 system is likely to be physically associated withalactic nuclei are, the shorter is time interval between the on-
the QSGhost galaxy, two systems — that &aps= 1.674 and set of the star formation and the peak of the QSO activity (e.g.,
1.602 — are formed in a smoothly distributed gas in the outglonaco et al. 2000).
parts of the intervening galaxy halos, whereaszfje= 1.385 The mass of the central source of the quasar HE 0515-4414
andzyps= 1.667 absorbers are HVC-type clouds embeddeddan be estimated from its luminosifi ~ 2.5x 10*” erg st =
galaxy halos of an extremely low metallicity (] < —2.5). 6.5 x 10" L. Since it is the brightest QSO, we can assume
The presented @1 systems demonstrate a wide range dhat its luminosityLq is close to the Eddington limilg =
metal abundances:1.6 < [C/H] < 0.6. Moreover, we detected 1.3 x 10%(Mq/M,) erg s, and thusMq =~ 2 x 10° Mo,
four systems witiN(H 1) ~ 10*®> cm2 which do not show any  The fact that the ionization state of this metal-rickiys-
metal transitions in the observational wavelength range.  tem is maintained by a single power law spectriymx y~1°
These facts imply that our sample of thevDabsorbers implies that the gas between the quasar and the absorbing
does not trace the “warm-hot” gas indicating that its fractiatioud is highly ionized since the incident UV continuum is not
is probably negligible between= 1.38 andz = 1.7. Another blocked by hydrogen and helium absorption.
output is that the present sample cannot be used for the estima-A quasar with the luminosity of.6 x 10** £, and the ion-
tion of the cosmological mass density of metals and baryoég continuumx v~1° can essentially ionize gas in a radius of
since the analyzed @ systems are very heterogeneous arabout 1.1 Mpc, assumingy = 0.01 cnt3 and the relative he-
do not allow to make estimations of the mean characteristiacam abundance (by number) of 10%. So, the distance between
of the Ovi-bearing gas in general. However, just this diversitjhe Ovi cloud and the QSO nucleus is to Bg < 1 Mpc.
of the considered ®1 systems leads to the important conclui the gas in this cloud has been enriched by heavy elements
sions concerning the mechanisms of the metal enrichmensghthesised by earlien{ ~ 1 Gyr) star formation episode af-
the IGM. ter which the cloud was blown out into the outer zone of the
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galactic halo, then the mean velocity of the outflow shouliz = 1.385-1.697 toward HE 0515-4414. The main conclu-
be Ry/At ~ 1000 km s!, which is comparable to the ob-sions are as follows:

served velocity dferenceA An outflow speed as high . .
a5 1000 km Slyhas been o%?e?%d in the Lymrfn break ga?laxgr All O vI systems can be self-consistently described under
MS 1512—cB58 az = 2.7276 which is undergoing active star the assumption of photoionization equilibrium only. This
formation (Pettini et al. 2002) implies that the fraction of shock-heated hot gas with tem-

If the OvI system is located at 1 Mpc from the QSO, then2 pT)(;rature':'km Z é@ Kis neglti)gilble in t:fese systems.
its linear sizel. and the mean gas density should be scaled € analyzed OI systems belong toleterogeneousop-

by a factor of 45° as compared to the values from Table 1, ulation V\,’hiCh i,s formgd by at least three groups Of. ab-
Col. 7, givingL ~ 0.8 pc andny ~ 0.2 cnT3. Thus, thez,ps= sqrbers: i) gas in a thin shell of a superbubble a_ssouated
1.697 system may very well be an example of a thin shell with the QSOhOSF galaxy (O at Zabs= 1.697); .(') ex-

or a fragment of a superbubble whose expansion is probably tended low metallicity gas h{ilos of d|sta_nt galamesv(@_t
caused by a cumulativefect of supernova and the quasar ac- Zabs= 1'67_4 and 1‘602.); anajlo metal-e_nrlc_hed gas arsing
tivity. Such metal-rich outflowing gas is supposed to give rise to from the inner galactic regions or falling into the external

some HVCs observed in the Milky Way halo (Bregman 1980; galactic halo (1 atzaps= 1.385 and 1.667). .
Wakker 2001). 3. Only a power law type spectrum of the ionizing UV radi-

Other metal-rich Or1 systems ataps= 1.385 ¢ ~ 1/3 Z, ?tion E consist_ent Wiﬂl tlh(ess;bserved S_?hmple qf mleft_al_ lines
L ~ 2 kpc) and azans= 1.667 € ~ 1/3 Zo, L ~ 0.9 kpc) rom the associatezhys= 1.697 system. The optimal fitting

may be produced by a mechanism known as a galactic fountain'V&S found with the speciral mdgx: ~1.5. The measured .
(Bregman 1980): gas contaminated by heavy elements arises_metal abur_ldances are about 5 times solar, and the metallic-
from the inner region of an intervening galaxy and condenses ity pattern is solar. The system, Ioc_ated~atMpc from the_

into a cloud within the halo. After formation, the cloud cools QSQ’ completely covers the continuum source. The line-
and falls back toward the galaxy center. This mechanism was of-sight size of the system Is= 0.8-16 pc.

suggested to explain the origin of the high-metallicity HVCs in4' The absorption systems afs= 1.385 and 1.667 show

the Milky Way. characteristics very similar to that observed in metal-

We can assume that the galactic fountain also functions _ennched HVCS.m the M|!ky Way. These systemg can be
in distant galaxies. In our case we observe extremely metal- interpreted as high-redshift counterparts of galactic HVCs.

poor halos ([@H] < —3) which means that star formation pro-*- An 'mportaf_“ outcome of our study is thatdaabsorbers
cesses were not very powerful and therefore the mass of thed'® utterly inhomogeneous in metal abundances. Upper
host galaxy was not, probably, very high. Metal-free environ- limits on3 metal contents at the extremely _Iow level of
ments can also indicate that the HVC is situated in an exter- Z § 10_; Zo were set for three systems witd(HT) ~

nal part of the halo, which again could be possible only if the 10°° e,
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