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Abstract. We show how the ratio of the abundances of Ar, Si and Fe as derived from FUSE absorption spectra
of I Zw 18 are affected by large-scale stochastic velocity fields (mesoturbulence). 21-cm observations with high
spatial resolution show the presence of velocity fields with large correlation lengths. FUSE observations were
performed with a large entrance aperture which fully covered the galaxy. This means that the observed profiles
are averaged over the full body of I Zw 18. Taking this into account, we show that the observations are consistent
with the abundance ratios [α-chain/Fe] being similar to those derived from Galactic metal-poor stars. Using a
mesoturbulent approach, we found that the observed profiles can be reproduced well with [Fe/H] = −2.4 ± 0.1,
and [Si, Ar/Fe] = 0.7± 0.1.
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1. Introduction

The blue compact galaxy (BCG) I Zw 18 (Mrk 116)
has been an intensively studied object for the last three
decades since the first spectroscopic observations by
Zwicky (1966). I Zw 18 shows a powerful and recent burst
of star formation which makes this galaxy an attractive
target for studies of the history of star formation. For
example, recent observations revealed two stellar popula-
tions in I Zw 18: 10–20 Myr red supergiants and 0.1–5 Gyr
asymptotic giant branch stars (Östlin 2000).

Amongst BCGs, I Zw 18 shows the lowest oxygen
abundance: the northwest (NW) and the southeast (SE)
bright H ii regions yield (O/H)3 = −4.83 ± 0.03 and
−4.82 ± 0.03, respectively (Izotov et al. 1999). Relative
to solar values, one finds [O/H]4 = −1.70 ± 0.08, i.e.
Z/Z� ' 1/50.
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3 (X/H) is the logarithmic value of the element ratio by num-
ber, without reference to the solar value.

4 [X/H] = (X/H) – (X/H)�. For the solar abundances we
adopt (O/H)� = −3.13 ± 0.07, (Si/H)� = −4.44 ± 0.01, and
(Fe/H)� = −4.50 ± 0.01 from Grevesse et al. (1996) and the
weighted average value (Ar/H)� = −5.48± 0.04 from Sofia &
Jenkins (1998).

The neutral gas in I Zw 18 has been observed in
the 21-cm line (see van Zee et al. 1998 and references
cited therein) as well as in several UV lines (Kunth et al.
1994; Pettini & Lipman 1995; Vidal-Madjar et al. 2000).
High velocity and high spatial resolution radio observa-
tions have shown that the overall kinematics of the H i

gas associated with I Zw 18 is very complex and that the
neutral gas velocity dispersion σ equals 13–14 km s−1, or
b ≡

√
2σ = 18–20 km s−1 (van Zee et al. 1998). The

H i column density in front of the bright star clusters
in I Zw 18 deduced from the Ly-α absorption profile by
Kunth et al., NH i = (3.5 ± 0.5) × 1021 cm−2, is compa-
rable to the peak H i surface density found by van Zee
et al., NH i ' 3.0 × 1021 cm−2. This high value is such
that the neutral gas in I Zw 18 can be considered as a lo-
cal damped Ly-α system (DLA), similar to high-redshift
DLAs observed in the light of many background quasars.

The first HST measurement of the (O/H) abundance
in the H i region has indicated a possible discrepancy be-
tween the metal content in the neutral gas and in the H ii

regions (Kunth et al. 1994). This, however, was not con-
firmed in later studies by Pettini & Lipman (1995) and by
van Zee et al. (1998) who have shown that both the neu-
tral and ionized gas in I Zw 18 may have the same oxygen
abundance.
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New observations carried out with the Far Ultraviolet
Spectroscopic Explorer (FUSE) by Vidal-Madjar et al.
(2000) produce a similar puzzle: the column density ra-
tios deduced from N i, Ar i, Si ii, and Fe ii lines in the
neutral gas by using the usual Voigt-profile fitting pro-
cedure differ significantly from those derived for the H ii

regions by Izotov et al. (2001). Izotov et al. suggested that
ionization in DLAs may affect abundance ratios. To inter-
pret the observations, they proposed a model consisting
of two regions with substantially different metal contents,
i.e. implicitly recalling an idea of the existence of two me-
dia in BCGs (a pristine gas, unprocessed since the big
bang, and a gas in the H ii regions recently polluted by
nucleosynthetic products – Kunth & Sargent 1986). The
discovery of such a primordial gas would be of great im-
portance for cosmology, as noted by Kunth et al. (1994).

In this paper, we discuss the interpretation of the
Ar iλ1048, Si iiλ1020 and Fe iiλ1063 profiles of I Zw 18
published by Vidal-Madjar et al. (2000). We show that
one can obtain – within the observational errors – the
same metal content in the H ii and H i regions, if one uses
a generalized radiative transfer theory.

We also found that the observations are consistent with
the α-chain elements (Si and Ar) having the same [α-
chain/iron-peak] ratio as in halo stars with low metallicity.

2. Data analysis and results

The spectroscopic observations of I Zw 18 with FUSE in
the range ∼980–1187 Å are described in detail by Vidal-
Madjar et al. (2000). The spectrum was obtained with a
resolution of about λ/∆λ ∼ 10 000 and a signal-to-noise
ratio of S/N ∼ 10 per resolution element. The large en-
trance aperture (30′′ × 30′′) fully covers the region con-
taining the young stellar clusters (∼10′′ × 4′′).

As noted by Vidal-Madjar et al., FUSE measures an
average absorption over the full extent of the background
UV sources. In this case the analysis of saturated absorp-
tion lines is not an easy and unambiguous task. The main
difficulty is connected with the line broadening by possible
large scale irregular (stochastic) velocity fields.

The influence of a finite correlation length of the ran-
dom velocity field on the line profile depends on the details
of the observation. If one considers the line formation pro-
cess in front of a point source, then the observed spectrum
reflects only one realization of the velocity field. Large de-
viations from the expectation value of the intensity 〈Iλ〉
may occur if the correlation length ` of the velocity field
is not very small compared to the size of the absorbing
region (Levshakov & Kegel 1997). If, however, the spec-
trograph aperture covers an essential part of the galactic
surface, we average over many individual lines of sight
and therefore the expectation value 〈Iλ〉 should reason-
ably well correspond to the observations. In this case the
standard Voigt-fitting analysis (based on the assumption
of microturbulence) may yield misleading column densi-
ties. Namely, if correlation effects are important, saturated
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Fig. 1. Normalized intensities (dots with error bars) vs. radial
velocities from FUSE spectra obtained by Vidal-Madjar et al.
(2000). The grey lines are those parts of the synthetic spectra
convolved with the spectrograph function which are used in our
analysis. The dashed lines show the corresponding unconvolved
spectra. Components at ∆v ' 49 km s−1 are the Galactic H2

lines: L(7-0)P(4) in panel a), and L(4-0)P(1) in panel b).

lines may appear to be unsaturated (Gail et al. 1974;
Levshakov & Kegel 1994).

Below we reanalyze the published FUSE data account-
ing for a finite correlation length of the velocity field.

2.1. A microturbulent approach

For comparison, we begin with the standard Voigt-profile
fitting analysis which assumes a completely uncorrelated
velocity field, i.e. ` = 0 (microturbulence). We use the
published data from Fig. 1 of Vidal-Madjar et al. to il-
lustrate how the column densities deduced from the Ar i,
Si ii and Fe ii lines are affected by the underlying model
assumptions. From the published data given in arbitrary
units we have calculated normalized intensities using the
plotted synthetic profiles, and then added to the normal-
ized data 1σ error bars corresponding to a S/N = 10 as
quoted by these authors (dots and error bars in Fig. 1).
The profiles were centered at v = 0 km s−1 according to
the synthetic spectra of Vidal-Madjar et al. The internal
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uncertainty of our velocity scale calibration was estimated
to be about ±5 km s−1.

The oscillator strengths of the Ar iλ1048.2199 Å,
Si iiλ1020.6989 Å and Fe iiλ1063.1764 Å lines, fAr i =
0.257, fSi ii = 0.01391 and fFe ii = 0.0547, were taken
from Federman et al. (1992), Charro & Mart́in (2000) and
Raassen & Uylings (1998), respectively, and their wave-
lengths from Morton (1991).

The absorption lines of Ar i and Si ii are partly blended
with the Galactic H2 L(4-0)P(1) and L(7-0)P(4) lines, re-
spectively. Initially we fitted two component Voigt pro-
files to their observed intensities in order to estimate the
influence of the H2 blends on the derived physical pa-
rameters. Their influence was found to be negligible (see
Figs. 1a and 1b where the H2 calculated profiles are shown
by dotted curves). We therefore used in the following
a one-component model and fitted all three metal lines
(Ar i, Si ii, and Fe ii) simultaneously. In this procedure the
theoretical profiles were convolved with the instrumental
point-spread function (PSF) which we approximated by a
Gaussian with the width of 26 km s−1. The best fit with
χ2

min = 24.76 (M = 30 data points, and ν = 26 degrees of
freedom) is shown in Fig. 1 by grey solid curves which also
mark the data points involved in the optimization proce-
dure. The dashed curves in Fig. 1 show the corresponding
unconvolved profiles.

The estimated best fit parameters are: b = (20.5 ±
2.5) km s−1, logNSi ii = 15.05 ± 0.05 cm−2, logNAr i =
13.82 ± 0.05 cm−2, and logNFe ii = 14.34 ± 0.05 cm−2.
This results in (Ar/Si) = −1.23 ± 0.07 and (Fe/Si) =
−0.71 ± 0.07 which agree quite well with the results of
the Voigt-profile fitting analysis of Vidal-Madjar as quoted
by Izotov et al. (2001), supporting our approximation of
the PSF.

The most likely value for b, 20.5 ± 2.5 km s−1, is in
good agreement with the radio observations of the H i gas
in I Zw 18 carried out by van Zee et al. (1998). The fact
that bH i ' bFe ii implies that the kinetic temperature of
the neutral gas in I Zw 18 is less than 500 K and that the
line broadening is caused mainly by turbulent motions.

The estimated column densities, together with theNH i

from Kunth et al., imply however very low metal abun-
dances, [Si/H] = −2.05±0.09, [Ar/H] = −2.24±0.09, and
[Fe/H] = −2.70± 0.09, as compared with [O/H] ' −1.7,
measured previously by Izotov et al. (1999) in the H ii

regions.
With these data and (O/H) = −4.83 ± 0.03 (Izotov

et al. 1999), we find (Ar/O) = −2.89± 0.09 and [Ar/O] =
−0.54 ± 0.12, whereas nucleosythesis theory predicts for
metal-poor gas (Ar/O) ' −2.4 (see, e.g., Woosley &
Weaver 1995; Limongi et al. 2000 and references cited
therein). The observations of BCGs show (Ar/O) =
−2.25±0.09 (Izotov & Thuan 1999), or (Ar/O) = −2.32±
0.05 (Kniazev et al. 2000). As for the abundance ratio
[Ar/O], it is found to be constant ('0), independent of
metallicity over about two decades of oxygen abundances
(Henry & Worthey 1999).

Thus, we can conclude that the microturbulent ap-
proach leads to abundance ratios which are difficult to rec-
oncile with the theory of nucleosynthesis and with other
observations. This fact indicates that a more general anal-
ysis of the observational data may be appropriate.

2.2. A mesoturbulent approach

21-cm observations with high spatial resolution show that
the line profile varies with position (van Zee et al. 1998).
This is a clear indication that large-scale motions (i.e. hy-
drodynamic flows with large correlation lengths) deter-
mine the line profiles, implying that the microturbulent
approach is not well founded. We therefore generalize our
analysis to include the effects of a finite correlation length,
i.e. ` 6= 0 (mesoturbulence) and to study also the limiting
case L/` → 0 (macroturbulence). We do this within the
framework of the theory developed by Gail et al. (1974),
i.e. we derive the intensity using the generalized transfer
equation

∂

∂s
qλ(s, u) =

1
`

[
∂2

∂u2
qλ(s, u)− u ∂

∂u
qλ(s, u)

]
−κλ(s, u)qλ(s, u), (1)

where qλ(s, u) is the conditional intensity, κλ(s, u) the lo-
cal absorption coefficient, s the coordinate along the line
of sight, u = v||/σ the normalized velocity parallel to the
line of sight, and σ the rms turbulent velocity.

Equation (1) was deduced under the assumption that
the turbulent velocity field may be characterized by a
Gaussian one point distribution function

P1(u) =
1√
2π

exp
(
−u2/2

)
, (2)

and an exponential two point correlation function

f(∆s) = exp (− | ∆s | /`) , (3)

with ` being the correlation length.
Once the conditional intensity qλ(s, u) has been deter-

mined, the expectation value of the ordinary intensity at
the edge of the cloud (s = L) follows from the relation

〈Iλ(s = L)〉 =
∫ ∞
−∞

qλ(s = L, u)P1(u) du. (4)

For more details we refer to the papers by Gail et al. (1974)
and Levshakov & Kegel (1994).

The simulation of the mesoturbulent Ar i, Si ii and Fe ii

profiles has been carried out using the simplified model of
a plane-parallel slab of geometrical size L with homoge-
neous turbulence and uniform kinetic temperature, Tkin.
Specifying the Ar i, Si ii and Fe ii column densities, the L/`
ratio, the velocity dispersion σ, and the thermal widths
for each line, we can calculate the expectation value of
the absorption-line profiles using the generalized radiative
transfer Eq. (1).

The same χ2-minimization procedure as before was
applied to the same data set, but now with three fit-
ting parameters {NAr i, NSi ii, NFe ii}, i.e. ν = 27. We fixed
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Fig. 2. Curves of growth for Ar iλ1048 and Si iiλ1020 calcu-
lated for b = 18 km s−1 and Tkin = 200 K. Three types of
lines correspond to micro-, meso-, and macroturbulence (` = 0,
L/` = 1.45, L/` = 0, respectively). The dotted horizontal lines
denote the estimated mean values of the Ar i and Si ii equiva-
lent widths.

σ = 14.5 km s−1 and Tkin = 200 K (i.e. b ' 20.5 km s−1)
and calculated χ2

min for a given L/`. The results are pre-
sented in Table 1. It should be emphasized that all Ar i,
Si ii and Fe ii profiles corresponding to the listed – very dif-
ferent – solutions are almost identical to those shown in
Fig. 1. (For all solutions we find the corresponding 1

ν χ
2
min

values to be smaller than 1.0.)
Our numerical results show that the derived column

densities, as well as the abundance ratios, are strongly af-
fected when correlation effects are accounted for. These
effects are closely related to the changes in the curves
of growth caused by the finite value of L/`. More ac-
curately, the curve of growth depends on the value of
τ`, the optical depth of a layer having the thickness
of one correlation length. This implies that the shape of
the curve of growth depends on the f -value of the line
under consideration. As an example, Fig. 2 shows three
curves of growth for the Ar i and Si ii lines. They cor-
respond to the two limiting cases of micro- and macro-
turbulence (Gail et al. 1974), as well as to an interme-
diate – mesoturbulent – case (L/` = 1.45). In general,
one may say that the column density derived from a mea-
sured equivalent width increases with increasing correla-
tion length `. Figure 2 also allows a qualitative interpreta-
tion of the (Ar/Si) ratio as a function of L/` (see Table 1
and Fig. 3). In the microturbulent limit, both lines are still
close to the linear part of the curve of growth, while in the
mesoturbulent regime they lie on the flat part. Since the
slope here is smaller than on the linear part, the (Ar/Si)

Fig. 3. Abundance ratios as functions of L/` which is the ratio
of the geometrical size of the absorbing region L to the corre-
lation length of the velocity field `. The data illustrate results
presented in Table 1.

ratio is larger. In the macroturbulent limit, both lines lie
on the square root part, i.e. their equivalent widths are
dominated by radiation damping. In this case the slope
is again steeper and, more importantly, the two curves of
growth are well separated from each other (due to the dif-
ferent damping constants), implying a lower (Ar/Si) ratio
than in the mesoturbulent case. Thus, going from micro-
to macroturbulence we expect the (Ar/Si) ratio at first to
rise and, after going through a maximum, to decline again.
From Fig. 2 we also see that in the macroturbulent limit
the (Ar/Si) ratio is lower than in the microturbulent one.
Since the Fe line is weaker, it is less affected by the correla-
tion effects (see Table 1). Figure 3 also shows the (Ar/Fe)
ratio as function of L/`. The variation is dominated by
that of the argon abundance.

From the FUSE data shown in Fig. 1 alone, it is not
possible to determine the abundances or the abundance
ratios with an acceptable accuracy. For this, additional
information is necessary. For a purely empirical abun-
dance determination, the measurement of more lines, in
particular of several lines of the same ion having different
f -values, are required. An alternative is to make further
model assumptions and/or refer to nucleosynthesis theory
in order to fix certain abundance ratios. We shall follow
the latter approach for a consistent analysis.

For this we assume in the following that the argon
abundance in the H i gas is the same as in the H ii gas.
(We choose argon since among the three elements under
consideration its abundance is the best determined one
in the H ii gas.) Izotov et al. (1999) obtained (Ar/H) =
−6.90± 0.05 (NW) and a slightly lower ratio for the SE
region, (Ar/H) = −7.06± 0.05. This assumption restricts
the parameter L/` to the range 1.2 to 1.6.
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The α-chain elements O, Ar and Si are produced in
the same massive stars. Therefore their abundance ratio
should not depend on the metallicity, a conclusion sup-
ported by observation (Izotov & Thuan 1999). If we as-
sume for (Ar/O) and (Ar/Si) in I Zw 18 the solar values,
then L/` ≈ 1.4−1.5. For instance, if we assume L/` = 1.4,
we find from Table 1 [Ar/Si] = −0.02 ± 0.08. With the
value (O/H) = –4.83 from Izotov et al. (1999), we find
in addition [Ar/O] = 0.10± 0.12. For L/` = 1.5 we find
correspondingly [Ar/Si] = −0.05 ± 0.08, and [Ar/O] =
0.02± 0.12.

We carried out similar calculations also with two lim-
iting values of the broadening parameter, b = 18 and
23 km s−1, making the same additional assumptions as
before. The mean values for L/` = 1.4 are as follows:
[Fe/H] = −2.4± 0.1, and [Si, Ar/Fe] = 0.7± 0.1.

To conclude, we note that the selected solution (L/` =
1.4) yields (Ar/Si) = −1.06± 0.08 and (Fe/Si) = −0.81±
0.09. These values differ from those derived for the H ii

regions of I Zw 18: (Ar/Si) = −0.75± 0.23 and (Fe/Si) =
−0.15± 0.25 (SE) (see Izotov & Thuan 1999; and Izotov
et al. 1999). This discrepancy, however, can hardly be con-
sidered as a serious argument against our assumption that
the metal abundances in the neutral gas are the same as
in the ionized gas, since the measurement of the Si abun-
dance in the SE emission patch is not very accurate due to
the non-detection of the Si iii]λ1892 emission line which is
predicted by atomic theory “given the signal-to-noise ra-
tio and intensity of the neighboring Si iii]λ1883 emission
line” (Izotov & Thuan 1999). The Fe abundance measure-
ments in the H ii regions of I Zw 18 are also not pre-
cise. One cannot exclude some “contribution of C iv λ4658
emission line to a weak [Fe iii]λ4658 line. In this case ob-
servations of H ii regions may overestimate the Fe abun-
dance” (Izotov 2000, private communication). Indeed, the
ratio [Fe/H] = −1.96± 0.09 found by Izotov et al. (1999)
is about 3 times larger than the value we estimated for the
H i gas. Taking these results at their face values, the SE
H ii region yields the following [α-chain/iron-peak] ratios:
[Ar/Fe] = 0.38 ± 0.11, [Si/Fe] = 0.09 ± 0.25, and [O/Fe]
= 0.27 ± 0.11, which are systematically lower than the
mesoturbulent results we obtained with L/` = 1.4 for the
neutral gas.

3. Discussion

The history of star formation in galaxies is closely con-
nected with a gradual chemical enrichment of the inter-
stellar gas because the rate of heavy element production
in stars is higher than the destruction rate (e.g. Samland
1998). During production processes, heavy elements have
different nucleosynthetic histories so that their relative
abundances are not expected to remain constant in time.
For instance, galactic chemical evolution models predict
an overabundance of the α-chain elements relative to the
iron-peak elements in the metal-poor gas (e.g. Timmes
et al. 1995). The [α/Fe] ratio decreases with increasing
global metallicity as characterized by the [Fe/H] ratio.

This ratio represents a sort of chronometer due to the
continuous increase of iron in the ISM (e.g. Wheeler et al.
1989).

Oxygen, silicon, argon and other α-chain elements are
typical products of Type II SNe, while iron is also pro-
duced by Type Ia SNe which have longer evolution scales.
A time delay of ∼0.5–1 Gyr between the production of the
α-elements in Type II SNe and the iron-peak elements
in Type Ia SNe is usually assumed (e.g. Pettini 2000).
Therefore, in the early stages of chemical enrichment the
α-elements are naturally expected to be relatively more
abundant than the iron-peak elements. Our estimate of
the metal abundances in the H i gas of I Zw 18 is consis-
tent with this picture and yields similar abundance ratios
as observed in halo stars with low metallicity. For instance,
Israelian et al. (1998) found for halo stars with −2.0 ≥
[Fe/H] ≥ −2.5 the ratio [O/Fe] to be in the range 0.3 to
1.0. Similar results were obtained by Gratton & Sneden
(1988) for the ratio [Si/Fe].

The argon abundance ratio [Ar/Fe] has not been deter-
mined directly in either dwarfs or field giants since Ar has
no optical transitions from low excitation levels. However,
theoretical calculations predict approximately the same
[Ar/Fe] ratio as for other α-chain elements (Timmes et al.
1995).

It is interesting to compare our estimates of the metal
abundances in I Zw 18 with those of two well-studied high
redshift DLAs: the z = 3.390 DLA towards Q0000–2620
where [Fe/H] ' −2 and [α-chain/iron-peak] ' 0.20 were
measured by Molaro et al. (2000, 2001), and the z = 3.386
DLA towards Q0201+1120 with [Fe/H] ' −1.4 and [α-
chain/iron-peak] ' 0.16 deduced by Ellison et al. (2001).
Both high-z DLAs do not show a pronounced enhance-
ment of the α-elements as compared with I Zw 18. The
low [α-chain/iron-peak] ratios in metal-poor DLAs have
been interpreted as evidence for low or episodic star for-
mation in these galaxies, – there should be sufficient time
since the last burst of star formation to accumulate iron in
the ISM to a near-solar value relative to α-elements (e.g.
Pettini et al. 2000; Centurión et al. 2000; Molaro et al.
2000).

In contrast, our estimates for the DLA system I Zw 18
at z = 0.0025 indicate [α-chain/iron-peak] ' 0.7. Thus,
the nearby system I Zw 18 appears to be chemically
younger than these high-redshift DLAs.

4. Conclusions

We have shown that, if correlations in the large-scale ve-
locity field are accounted for, it is possible to derive metal
abundances from the absorption profiles of Ar iλ1048,
Si iiλ1020, and Fe iiλ1063, observed in the spectrum of
the damped Ly-α system I Zw 18 by Vidal-Madjar et al.
(2000), that are consistent with the theory of nucleosyn-
thesis and are similar to those derived from spectra of
Galactic metal-poor stars and those derived for H ii re-
gions in metal-deficient BCGs. The fact that 21-cm obser-
vations with high spatial resolution show the presence of
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Table 1. Ar, Si and Fe abundances of neutral gas in I Zw 18, calculated with b = 20.5 km s−1 for different values of L/`.

L/` Na
Ar i

, cm−2 Na
Si ii

, cm−2 Na
Fe ii

, cm−2 (Ar/H)b (Si/H)b (Fe/H)b (Ar/Si)c

0 1.2(17) 1.2(19) 5.6(17) −4.45 −2.48 −3.79 −1.97
0.8 2.1(16) 2.3(17) 2.3(15) −5.23 −4.18 −6.17 −1.05
0.9 1.1(16) 2.3(16) 1.2(15) −5.49 −5.18 −6.46 −0.31
1.0 4.0(15) 9.0(15) 8.8(14) −5.95 −5.59 −6.60 −0.36
1.1 1.1(15) 5.8(15) 7.1(14) −6.48 −5.78 −6.69 −0.71
1.2 5.5(14) 4.5(15) 6.2(14) −6.80 −5.89 −6.75 −0.91
1.3 3.7(14) 3.8(15) 5.5(14) −6.97 −5.97 −6.80 −1.00
1.4 2.9(14) 3.3(15) 5.0(14) −7.08 −6.03 −6.84 −1.06
1.5 2.4(14) 2.9(15) 4.7(14) −7.16 −6.07 −6.87 −1.09
1.6 2.1(14) 2.7(15) 4.4(14) −7.22 −6.11 −6.90 −1.11
1.7 1.9(14) 2.5(15) 4.2(14) −7.27 −6.14 −6.92 −1.13
1.8 1.7(14) 2.4(15) 4.0(14) −7.30 −6.17 −6.94 −1.14
1.9 1.6(14) 2.3(15) 3.9(14) −7.34 −6.19 −6.96 −1.15
2.0 1.5(14) 2.2(15) 3.8(14) −7.36 −6.21 −6.97 −1.16
microturbulence
∞ 6.7(13) 1.1(15) 2.2(14) −7.72 −6.50 −7.20 −1.23

The internal accuracy is a0.05 dex, b0.09 dex, c0.07 dex; NH i = 3.5× 1021 cm−2 from Kunth et al. (1994) is adopted.

velocity fields with large correlation lengths, is a strong
support for our mesoturbulent model. We note in particu-
lar, that the velocity dispersion determined for the neutral
gas by means of a χ2-minimization procedure, is in good
agreement with the H i 21-cm observations.

If large-scale motions in the ISM are ubiquitous for
all galaxies then we can expect that the correlation effects
will be significant for abundance determinations whenever
optical thickness effects become important. Our analysis
shows that the standard Voigt-profile fitting procedure
may severely underestimate column densities, especially
for saturated lines.

We note in passing that the method used in the present
paper, in which the expectation value of the intensity is
determined from the generalized transfer equation (see
Gail et al. 1974; Levshakov & Kegel 1994), differs from
that used for the interpretation of QSO spectra, the lat-
ter being a Monte Carlo method (Levshakov et al. 1998a,
1998b). In the present case the observations refer to the
intensity averaged over many lines of sight, while in the
case of QSO spectra we have only one line of sight.

The additional parameter introduced in the general-
ized radiative transfer equation, L/`, can, in principle,
be estimated independently and, thus, can be used to
check the criteria applied to select the appropriate so-
lution from Table 1. Namely, L/` can be found from
the analysis of saturated and unsaturated lines of the
same ion, since the latter is less affected by the corre-
lation effects (see Fig. 2). For our case, observations of
the Ar iλ1066 line would be of particular interest since
its oscillator strength f1066 = 1/4 f1048. The Ar iλ1066
line was observed in the z = 3.4 DLA system toward
the quasar Q0000–2620 (Molaro et al. 2001). The sim-
ilarity of both DLA systems is also supported by the
very low molecular hydrogen contents found in I Zw 18,
f(H2) ≡ 2NH2/NH i � 10−6 (Vidal-Madjar et al. 2000),

and at z = 3.4, f(H2) = (6.8 ± 2.0) × 10−8 (Levshakov
et al. 2000, 2001).

Since Ar can be partially ionized by nearby UV stel-
lar radiation with energies hν > 15.76 eV, the relative
abundance of Ar i is a good indicator of the intensity of
the local photoionizing flux (Sofia & Jenkins 1998). Our
measurements do not indicate the presence of any signif-
icant amount of partially ionized gas in the damped Lα
system I Zw 18 and, hence, metal abundances in the neu-
tral gas do not require ionization corrections as suggested
by Izotov et al. (2001).

Thus, it is extremely important in future observations
to investigate other absorption lines of neutral or singly
ionized atoms in order to understand better the kinematic
characteristics of the neutral gas bulk motion which will
enable us to obtain more reliable estimations of metallic-
ities in I Zw 18.
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