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Abstract. The apparent discrepancy between low and high &tremely important. The fundamental character of this cos
abundances derived from QSO spectra may be caused by spht@tal test requires an unambiguous interpretation of spect
correlations in the stochastic velocity field. If one accounts fobservations.
such correlations, one finds good agreement between differentlt is well known, however, that the physical parameters d¢
observations and the theoretical predictions for standard bbiged from spectral data depend on the assumptions made
bang nucleosynthesis (SBBN). In particular, we show that thespect to the line broadening mechanism. For intergalactic
H+D Ly« profile observed at, = 0.7 toward Q 1718+4807 sorption lines a ‘non-thermal broadening’ is usually assumé
is compatible withd.110~° < D/H < 4.710~°. This result to be caused by large scale motions of the absorbing gas.
is consistent with our previous D/H determination for the= commonly used microturbulent approach disregards all cor
2.504 system toward Q 1009+2956 and, thus, supports SBBMtions of the velocity field, implying a symmetrical (Gaussia
distribution of the velocity components parallel to the line o

Key words: line: formation —line: profiles — quasars: absorptiosight and a symmetrical line profile.
lines — quasars: individual: Q 1718+4807 Actually, any turbulent flow exhibits an immanent structur
in which the velocities in neighboring volume elements are co
related with each other. Different aspects of the line formati
processes in correlated turbulent media have been discusse(
cently in a series of papers by Levshakov & Kegel (1997, L
From recent HST observations of a low-redshiff (= 0.7) hereinafter), Levshakov, Kegel & Mazets (1997, LKM here
absorption-line system toward the quasar Q 1718+4807( inafter), and by LKT.
1.084) Webb et al. (1997a,b) deduced D/H1=8 — 3.1 1074, Once the statistical properties of a turbulent cloud have be
This ratio is significantly higher than that derived from othespecified, the way spectral lines ought to be calculated, depe
quasar spectra a, = 2.504 [D/H = 1.8 — 3.5107° by Tytler on the problem considered. Considering emission lines one
& Burles, 1996; D/H =2.9 — 4.6 10~° by Levshakov, Kegel & dealing with many lines of sight and the observed intensi
Takahara, 1997 (LKT, hereinafter)], and-gt= 3.572 [D/H = should closely correspond to the theoretical expectation val
1.7—2.9107° by Tytler et al., 1996; D/H> 4 10~° by Songaila (see e.g. Albrecht & Kegel 1987). If, however, one observg
etal., 1997]. the absorption spectrum in the light of a point-like backgrou
The apparent spread of the D/H values leads some authorsdarce, the actually observed line profile is determined by t
assume fluctuations in the baryon-to-photon ratio at the epoehHocity distribution along the particular line of sight. There
of BBN (see e.g. Webb et al., and references cited thereifgre, the intensity may deviate substantially from the expect
On the other hand, according to the basic idea of homogenditn value, since averaging along one line of sight correspon
and isotropy of big bang theory tipeimordial deuterium abun- to averaging over an incomplete sample (for details see LK a
dance should not vary in space. One can only expect that th€M). For large values of the ratio of the cloud thickneks
D/H ratio decreases with cosmic time due to conversion of td the correlation lengththe distribution functiom(v) for the
into *He and heavier elements in stars. To check whether higlocity component parallel to the line of sight approaches t
bang nucleosynthesis has occurred homogeneously or not, gtatistical average, which has been assumed to be a Gauss
cise measurements of absolute values of D/H at high redshift B values of_. /I of only a few, howeverp(v) may deviate sub-
stantially from a Gaussian, and is asymmetric in general. T
leads to a complex shape of the absorption coefficient for whi
the assumption of Voigt profiles could be extremely misleadin

1. Introduction
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Fig. 1la—c.Observations and RMC fits for Q 1718+48@HST/GHRS Fig. 2a—c. As Fig. 1 but for model (c) in Table 1
data (open circles) and calculated profiles far (dashed curve), D

(dotted curve) and H+D (solid curve). The latter correspond to model

(e) in Table 1. The spectral resolution is & (FWHM). b Residuals 2. Parameter estimation

in units ofonoise (S€€ text)c IUE spectrum (open circles) and fit (solid

curve). The spectral resolution is 2 AFFWHM) To estimate physical parameters and an appropriate velocity

field structure along the line of sight, we used a Reverse Monte

Carlo [RMC] technique (see LKT). The algorithm requires to

) . define a simulation box for the 5 physical parameters: N(H

The actual D/H ratio may turn.out.tq egher or lower than D/H, Tiin, 0 /ven, andL /1 (herevy, denotes the thermal width

the value obtained from the Voigt-fitting procedure. of the hydrogen lines).

The present Letter is primarily aimed at the inverse prob- _ The continuous random function of the coordinate) is

lem in the analysis of the H+D Ly absorption observed by represented by its sampled values at equal space intekvals

Webb et al. (1997a,b). The original analysis was performediig by {v,, v,, ..., v;}, the vector of the velocity components

the framework of the microturbulent model. Here we make Farallel to the line of sight at the spatial points

more general mesoturbulent model. We consider a cloud witlya following boundaries:

stochastic velocity flel_d with finite correlation length t_)ut pf h(.)According to Webb et al., N(H) is well restricted within the

mogeneous (h) density and temperature. The velocity field is 17 o 17 2 .
. : : . . range from 1.700'“ cm~2 to 1.7810"“ cm~*, as derived from

characterized by its rms amplitude and its correlation length the observed Lvman-limit discontinuit

l. The model is identical to that of LKT. — The objective is to y 5y. s

investigate whether the data in question may also be interpref@ D/H we use the range from 310~ to 5.0107, trying to

by a lower D/H ratio consistent with the values found for othdind a low D/H solution.

absorption systems. To restrictTy;, ando /v, one has to assume a model for the

absorbing material. It is generally believed that absorption line

systems with N(H) ~ 10'7 cm~2 arise in the halos of putative
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Fig. 3. Probability density functions (p.d.f.) for residualshown by ~Fig.4. Probability density functions (p.d.f.) for velocity components
dotted line (corresponds to Fig. 1b) and by solid line (correspondsi) forthe RMC solutions showninFig. 1a (dotted line histogram) an

Fig. 2b) and their fit by a Gaussian with meBife) = 0 and variance N Fig. 2a (solid line histogram). Both are blue-shifted by abed
Var(e) =1 km s™* with respect toz,(Si1ir). Note the asymmetric shapes. Fo

comparison, the short dashed line shgws) for the microturbulent

. . . . ) . model adopted by Webb et al.
intervening galaxies. Direct observations of galactic halos at

z > 2 (van Ojik et al. 1997) show that, ~ 40 &+ 15 km s7!, if

Tiin ~ 10* K. For Ti;, we use the interval0* — 2 10* K, and,
thus, o /vy, May range within 1.3 — 4.3, experimental uncertainties. To approximate the error level
b%etanoise = 0.09.

Finally, our objective function contains only the blue an
le red wing of the H line (AX = 2066.90 — 2067.35 A and
A = 2068.30 — 2068.52 A, respectively) since they are more
sensitive to the parameter variations than the central part of

Following Webb et al. (1997b), we exclude theriline line is. By this we restrict the total number of data points t
from our analysis of the H+D Ly profile. As shown by Vidal- = 30, implying = 25 and%xg,a 1174 for the credible

Madjar et al. (1996), ‘deducting lines of sight velocity structur S
for [;/H evallfationl; from ionizged specieg could b;yextremeWObab'“ty].D“ —1—a=075.
The estimated parameters for a few adequate RMC prof

misleading’. But we fixz, (Si1ir) = 0.701024 as a more or less, 9 9 . : .
arbitrary reference radial velocity at which = 0. Tits min < X35,0.25) are listed in Table 1. The derived deu

i ~ —5i 74
Having specified the parameter space, we construct the ebgﬁrtr;]zbl.un:?.zncg/ I:é of é’4 1??1 1'()5_ibf%“tn‘tj gt'\r;‘v‘;zérgiigff
jective function (LKT): Imiting valu 8-3. und by )

(1997b) in the microturbulent model excluding thaisiine.

For L/l > 1 the meso- and microturbulent profiles tend to
identical (see LK). Webb et al. thoroughly investigated differe tt
microturbulent models. Therefore we consider only moderr:lk
L/l ratios in the range 1.0 —5.0.

T I) — ()] To illustrate our results, we show in Figs.1 and 2 H+Doly
L=X"= v Z Troise ' 1 profiles for the two calculations with the lowest and the hig
=1 est D abundances found in the mesoturbulent model (D/H

wherer();) is the simulated random intensity{\;) the ob- 4.11110~° and4.755 105, respectively). They are shown by
served normalized intensity within thith pixel of the line pro- the solid curve, whereas the open circles give the experime
file, onoise the experimental error level, and= m — n the intensitiesl(\;).
degree of freedomn is the number of data points ands the The residuals; = [I(\;) —7(Ai)]/noise ShOWN in Figs. 1b
number of fitted physical parameters= 5 in our case). and 2b by filled circles are normally distributed with zero mea

Hereo,.ise IS @assumed to be constant over the entire H+&nd unit variance (see Fig. 3). This fact, rather trivial in cas
profile. In order to estimate,,.;sc we have chosen a portion ofof high S/N data, becomes crucial when dealing with spect
the Q 1718+4807 continuum from the lefi§, = 2066.02 — as noisy as the present one is, because of the probability to
2066.90 A) and the right Ag = 2068.52 — 2070.01 ,&) hand trapped into fitting the noise features. The good concorda
side of the hydrogen absorption (see Fig. 1), as well as the baftthe residuals with the expected normal distribution is here
tom of the Ly line (AAg = 2067.35 — 2068.30 /'i\). These significant argument for the validity of the results obtained.
three regions yieldr, = 0.095, or = 0.093, andog = 0.086, To check theu(s)-configurations estimated by the RMC
respectively. Atz = 0.7 where the number density of thedy procedure, we calculated profiles for the higher order Lyma
lines is far lower than at high redshifts, the experimental noiees and the shape of the Lyman-limit discontinuity and the
is expected to be free from the contamination by weak for-  superposed them to the corresponding part of the IUE spectr
est lines. Therefore the estimated noise level corresponds toThe results are shown in Figs. 1c and 2c where again open cird
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Table 1. Cloud parameters derived from thed.yrofile by the RMC - -
method N17(H 1) column density in units of0'” cm™2, D/H in units Ly-4
of 107°, Ty 14n kinetic temperature in units afo* K, o, turbulent
velocity in km s71]

Niz(H) D/H  Tuxin o: L/l %anin
(@ 1732 4565 141 22 27 1.064 L
(b) 1739 4562 160 18 39 1.002 0.0 1S
() 1759 4755 175 40 28 1.106
(d 1761 4555 146 29 43 1.086 T ]
() 1.768 4111 151 26 35 0.897 i 1
(fH 1771 4442 176 23 34 1162 )

(@ 1776 4249 162 28 40 1114

0.5

correspond to the observed intensities and the computed spectra
are shown by the solid curves. We do not find any pronounc%d R .
discordance of calculated and real spectra. On the other han'c?, 1560 1560.5
the spectral resolution of 2.95is not sufficient to follow a fine
velocity field structure within the, = 0.7 absorber.

The deriveduv(s)-configurations are not unique. Table Fig.5. The Hr Ly-4 and Ly-12 mesoturbulent spectra for model
demonstrates the spread of the rms turbulent velocities fré®h (solid curves) and (e) (dotted curves) in Table 1. Short dashed

18 up to 40 km s1. It is worthwhile to emphasize once moreurves show microturbulent profiles calculated for the mean iN(H

— 17 —1 —
that the projected velocity distribution function may differ cons 1'57—318 é?thecg]ata z;dv\ing”::? gﬁgp;z;(ﬂ?;agggtgglneofvezg.\?\/ith .
siderably from a Gaussian. Fig.4 shows an example of su&rﬁussian instrumental profile of FWHM = &l

distortions caused by a poor statistical sample (i.e. incomplete

averaging) of the velocity field distributions for the two cases of

the lowest and the highest D/H ratios from Table 1 [model (e)

and (c), respectively]. Both(v) distributions are asymmetric.

This is the main reason why the absorption in the blue wing #¢knowledgementsThe authors are grateful to John Webb for making

the HI Ly« line may be enhanced without any additional Havailable the calibrated HST/GHRS and IUE spectra of Q 1718+4807

interloper(s). and ack_nowledgg helpf_ul correspondence and'comments by him and
Alfred Vidal-Madjar. This work was supported in part by the RFBR

grant No. 96-02-16905a.
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3. Conclusion

We have shown that the interpretation of the HST and IUE spdeferences
tra obtained b)_/ Webb et al. is not unique. The_data can as Wﬁgrecht, M. A. Kegel W. H., 1987, A&A 176, 317
be mod_eled with a Iow_value of the D/H ratio _|f one acco“n'i_sevshakov, S. A, Kegel, W. H., 1997, MNRAS 288, 787 [LK]
for spatial correlations in the large scale velocity field. Levshakov, S. A., Kegel, W. H., Mazets, I. E., 1997, MNRAS 288, 802
The RMC results may be tested, in principle, by additional [ km]
observations of higher order Lyman lines with the same sp@@vshakov, S. A., Kegel, W. H., Takahara, F., 1997, MNRAS (submit.),
tral resolution as Webb et al. used for by-Indeed, ifp(v) is astro-ph/9710122 [LKT]
asymmetric, this will show up in the profile shapes of the high&pngaila, A., Wampler, E. J., Cowie, L. L., 1997, Nat 385, 137
order Lyman lines. For the physical parameters listed in TableTytler, D., Fan, X.-M., Burles, S., 1996, Nat 381, 207
the effect becomes visible starting from Ly-4 [the by-3, -y  Tytler, D., Burles, S., 1996, astro-ph/9606110
lines are insensitive to the asymmetryygf) due to their high Va”AOé:i: 51"7R’3t‘t598e”“9' H.J. A, Miley, G. K., Hunstead, R. W., 1997,
Zpg(;ilsi?ﬁr:hi]ﬁsFtIr?J.rgeth[g\INSrz:‘rireuI(‘)’jlfteFdV\jfli/lCtiaag:;_Ofg\;oll_\ﬁg W\t/tﬂdal-Madjar, A., Ferlet, R., Lemoine, M., 1996, astro-ph/9612020
. o . .2 Webb, J. K., Carswell, R. F., Lanzetta, K. M., et al., 1997a, Nat 388,
and Ly-12 using the samgv) distributions depicted in Fig. 4
— dotted curves for model () and solid curves for model (Qepp, J. K., Carswell, R. F., Lanzetta, K. M., et al., 1997b, astro-
of Table 1. The line shapes clearly depend on the velocity field pnh/9710089
structure and are asymmetric in general.



	Introduction
	Parameter estimation
	Conclusion

