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Summary. The origin of the absorption features seen in the
spectra of distant QSOs is still unresolved. We present predic-
tions of the numbers and strengths of absorption lines expected
for a network of QSOs behind the Virgo cluster based on the two
distinct extrinsic hypotheses, viz. absorption by very extensive
galactic halos or by very numerous low surface brightness
dwarfs. The results are compared in order to see how the two
hypotheses can be distinguished by currently feasible observ-
ations.
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1. Introduction

It is apparent that selection effects in galaxy catalogues may
seriously bias our view of the overall population of galaxies (Arp,
1965; Disney, 1976). In particular dwarf and/or low surface
brightness galaxies are greatly under-represented and our knowl-
edge of their true numbers is sketchy at best (see Bothun, 1986,
for a recent review of the observational situation). If the effects of
such biases are to be reduced, it is essential that information on
the galaxy population should be obtained from as many types of
observation as possible. One such candidate observation is that
of absorption lines in the spectra of distant QSOs due to (pre-
sumed) intervening galaxies.

Even if we accept that most absorptions are due to extrinsic
intervening systems (e.g. Sargent et al., 1979) it is still not clear
which type of system is chiefly responsible. Absorption by normal
galaxies encounters the well-known problem (Burbidge et al.,
1977) that the cross-section for observable lines must be very
large in order to account for the number of systems seen. Halo
sizes typically ~50 h~! kpc, several times the optical Holmberg
radius, are required (Sargent et al., 1979; Weymann et al., 1979;
Young et al,, 1982). The other alternative is that the absorption
occurs in extremely numerous, but presently unseen, low surface
brightness galaxies (Impey and He, 1986, henceforth IH; Disney
and Phillipps, 1987).

Clearly we can only hope to distinguish between these possi-
bilities by a uniform study of a sufficient number of QSOs, and an
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obvious strategy is to concentrate on a sample of QSOs behind
the Virgo cluster (cf. IH). The QSO counts of Véron and Véron
(1982) imply that sufficient numbers should be detectable, at a
reasonable magnitude limit, for a statistical study to be made,
though only a small number have so far been identified (He et al.,
1984).

In the present paper we describe computer simulations de-
signed to estimate the numbers and column densities of absorp-
tion lines to be expected in QSOs behind Virgo as galaxy halo
sizes and the numbers of dwarf galaxies are varied. Such calcu-
lations may allow limits to be placed on the number of low
surface brightness galaxies in Virgo when a sufficiently large
sample of background quasars becomes available. An obvious
difficulty is that direct measurements of the hydrogen column
densities (as used here) from Lyman lines require observations in
the UV, for example with the Space Telescope. To interpret metal
line column densities, we would need to assume something about
the metallicity of galactic halos and very low surface brightness
galaxies further complicating the analysis.

2. The model

The computer simulation comprises two separate parts, the
generation of a cluster of galaxies designed to imitate Virgo (in a
statistical sense) and the calculation of the absorption systems
then expected for a network of randomly placed background
QSOs.

IH have previously presented a discussion of the numbers of
specific known quasars close to catalogued Virgo cluster galaxies
in Huchra’s list (cf. Huchra et al., 1983). We have adopted the
alternative approach of modelling a non-specific galaxy cluster
which has, nonetheless, the same overall properties as Virgo. The
numbers of each morphological type of galaxy and the corte-
sponding luminosity functions have been taken from the Virgo
Cluster Catalogue studies of Sandage and collaborators (Binggeli
et al., 1984; Binggeli et al, 1985, Sandage and Binggeli 1984;
Sandage et al., 1985a,b; henceforth collectively VCC). Back-
ground members have been excluded and possible members
assigned half weight in the luminosity functions. We also allow
ourselves a varying number L of additional low surface bright-
ness (Im) dwarf galaxies in the model runs. The maximum L we
have taken is 3000, (3000 over the area considered here corre-
sponds to ~40 per square degree over the Virgo region as a
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whole). We take the Im luminosity function to have a Schechter
(1976) form with M, = —16.1, = —1 (i.e. constant number per
magnitude interval at faint limits), cut off at Mz = — 10 (for ease of
comparison we assume a distance modulus of 31.7 as in the
VCCO).

In generating the description of a particular galaxy of a
particular morphological type and magnitude we further assign it
a bulge to disc ratio according to the distribution given by Simien
and de Vaucouleurs (1986). Central surface brightness distri-
butions (assumed gaussian) are taken from Boroson (1981) for
discs and bulges and Allen and Shu (1979) for ellipticals (since the
latter do not play an important role we have not included a
surface brightness-luminosity correlation for ellipticals as given
by e.g. Kormendy, 1977). We take standard exponential and de
Vaucouleurs’ r!/* law profiles for discs and bulges/ellipticals
respectively: corresponding scale sizes can then be calculated
from the assigned magnitude and central surface brightness.

The coordinates of the galaxies are generated such that the
observed radial projected density variation (ocp~') and the
increase in the proportion of E and SO types towards the centre
are reproduced (cf. Tully and Shaya, 1984). The simulated area
represents the central 5% x 5°.

Secondly we generate a set of random background QSO
positions. Véron and Véron’s (1982) counts give an expected
value of 36 QSOs per square degree at B=20.4. This gives ~900
such objects in the simulated area. Results from IH in fact
indicate that QSOs behind Virgo may be depleted by a factor 2
(cf. Shanks et al., 1983; Phillipps, 1986) giving ~450 in our area.
All the simulations have been run for a network of 450 back-
ground QSOs.

The QSO positions are then checked against the galaxy list to
determine the angular separation from the various galaxy
centres. We assume that the QSO will not be seen if it lies behind
the central core of a galaxy image, defined by the isophotal radius
R,; at the 23 B magnitudes per square arcsecond (23Bp) level.
This has the effect of slightly concentrating the QSOs into inter-
galaxy regions (cf. Phillipps, 1986). At the other extreme, if the
line-of-sight to the quasar does not pass within NR,; of a cluster
member, where Ry is the galaxy’s Holmberg radius (=R, s) and
1< N <S5 depending on the run, then we do not ascribe any
absorption lines to the QSO (here and elsewhere, by absorption
line we mean an absorption line, or system, at the redshift of
Virgo). A maximum galaxy size of SRy has been used as this may
be considered a reasonable limit to the H1 or neutral gas halo
size in a cluster environment (see also IH). At low densities
<10'° cm ™2, the hydrogen is likely to be ionised by the UV
background (Rees, private communication) so a halo cut-off at
around this level may be unavoidable. Galaxies with large H1
radii have been found (e.g. Krumm and Burstein, 1984) but are by
no means common. More typical sizes quoted in the literature
are 2-3Ry (e.g. Bosma, 1981a,b). Direct observations of metal
line absorption systems in quasars behind visible galaxies also
imply the existence of absorbers at distances ~3Ry from the
centres of galaxies (e.g. Bergeron, 1986; Cristiani, 1987).

To calculate the associated column densities due to galaxies
between R,, and NRy; from the quasar line-of-sight we obviously
need to model the H1 profile, and we have used the following
simplified but reasonably realistic form which agrees satisfac-
torily with the data over the appropriate ranges.

First of all E and dE galaxies are assumed to be gas poor
(Knapp et al, 1977; Bothun et al, 1985) and hence to have
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negligible absorption effects. For spirals the column density is
assumed proportional to the light intensity out to the de Vau-
couleurs radius R, s, with a conversion factor corresponding to
My /Lg=0.125 (cf. Sullivan et al,, 1981). Outside R, (where by
construction Ny,=1.5102°cm~2) we assume a slower ex-
ponential decline such that Ny, =1102°cm™?2 at 1.5Ry, in order
to model the outer halo (cf. Bosma, 1981a). Note that this means
that for a cut-off at <S5Ry we are always dealing—in our basic
model - with absorbers with Ny, at least a few x10'°cm™2
(because of the smooth exponential distribution we initially
assume). On the other hand, most observations of metal line
systems far out in galaxy halos correspond to column densities of
afew x 108 cm™2 (e.g. Bergeron, 1986; Bechtold et al., 1984), and
as noted earlier direct measurements of the H1 profiles (Bosma,
1981a, b; Briggs et al,, 1980; Sancisi, 1987) show that in most
systems the column density drops steeply beyond ~2Ry. Our
initial model was chosen to be consistent with metal line absorp-
tion systems of QSOs being produced in smoothly extended
galactic halos since Briggs et al. (1980) pointed out that halos
with a sharp decline in column density beyond 2R, pose “a
dilemma for the intervening galaxy hypothesis because it is
difficult to envisage such a large metal abundance at such large
radii”. The alternative model for extended H 1 halos would there-
fore require an extended component at the few x 108 cm ™2 level
beyond the extrapolation of the inner component used in our
simple model. Unfortunately very little is known about the
typical H1 profile of galaxies at these levels. However we can
easily predict the effect of such a change in our halo model, as
discussed in Sect 3 below. The low surface brightness Im galaxies,
modelled as exponential discs with central surface brightness 23.2
+ 1.0 By, have been assumed to be gas rich with My /Ly=0.5 (cf.
Longmore et al, 1982). [Note that in practice the individual
values of 23.2 By and My/Lg are not critical, their product
(column density oc(My/Lg) 10~ 24) being the important factor.
This means that we can equally well be modelling even lower
surface brightness objects with correspondingly higher My/Lg,
as observed, cf. Phillipps and Disney, 1983].

Note also that in the above we have taken the Virgo cluster
galaxies to be H1 deficient by a factor 2 (Hoffman et al., 1985;
Haynes et al., 1984) i.e. we have used M,/Ly values which are
only a half of those given in the quoted papers. To recover the
values for a non-deficient population we can simply multiply the
final column densities by 2, the numbers of absorptions being
unaffected. If the deficiency is instead in the form of a loss of gas
from the outer parts then the model runs with small halos will
already account for this possibility. In all cases we have assumed
that there is a rapid decline in column density beyond the radius
NR,, (cf. Bosma, 1981a) and have simply cut off the profile at that
point.

3. Results and discussion

The results given by the simulations are summarised in Figs 1
and 2. The quantities plotted are the fraction of quasars with at
least one absorption system (i.e. detections), f, the mean column
density (for the detections only). {(Ng,> in units of 102°cm ™2
(Fig. 1) and the average number of separate systems along a line-
of-sight (again for the detections only), {N,> (Fig. 2). The latter
should be easily resolved since the relative peculiar velocities of a
pair of galaxies will be typically ~1000kms™"!, rather larger
than intercloud velocities in a given galaxy halo (<300 kms™!).
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Fig. 1. Percentage with at least one absorption feature () against mean column density ((Ny;)) in units of 10° cm~2. Numbers refer to the galactic
halo size and numbers of extra dwarf galaxies. The dotted line indicates the size of the error ellipse at each point. If lower column density outer halos

are used, the points at > 2Ry, are reduced by ~30% (see text)

Note that in our basic model we are only considering relatively
high column density absorbers is ((Ng,» 10'® cm~?); it may of
course be difficult in practice to isolate these systems, though
possibly the damped Lya absorbers of Wolfe et al. (1986) could
be utilised. Note also that typical column densities of a few
x 102°cm ™2, as in Fig. 1, are consistent with a reduction in the
number of observed quasars by a factor 2 (IH) since this requires
optical absorption Ayz~0™3 (Phillipps, 1986), corresponding for
normal dust:gas ratios to Ny, =3102°.

The individual numbers in the figures indicate runs with halo
sizes NRy, N=1, ..., 5, and for the various numbers of LSBGs
(in addition to the standard VCC galaxy population) ranging
from 0 to 3000. The hand-drawn curves indicate the overall
trends in the plotted quantities. It can be seen that the (Ny,)
versus f plot gives a much cleaner separation between the models
(especially for different halo sizes). On the other hand it is
somewhat more model dependent (requiring the detailed H1
profiles), so the {N,) versus f plot is useful as a check.

As discussed earlier, our initial halo model is just a direct
extrapolation of the H 1 profile at intermediate radii (~ Ry). If we
adopt a halo with much lower column densities beyond some
cut-off radius ~ 2R, then we can easily predict the effect this will
have on Fig. 1. (Fig. 2 will of course be unchanged).

Firstly those points interior to 2Ry will be unaffected but
those for larger halos will have lower values of (Ny,) than before
while the values of fstay the same. Now the mean column density

for detected lines

No SN

{Nupy= Z ni/NQfN
1

where the n; represents the individual column densities of the
detected halos, N, is the total number of QSOs (450) and fy is the
fraction with absorption lines for halo size NRy. In the case
where Ny, is negligible (~few x 10'®) outside a steep cut-off at
2Ry (where Ny, ~several x 10'°), then

Na/f2

{Nupn= Z ni/NQfN

1
ie. {Nupy=<{Nupf2/fy, for N>2.

From Fig. 1 we can see that the factor fy /f, is roughly 2 for N=3,
3.5 for N=4 and 5.5 for N=>5. Dividing the plotted values of
{Ny,), by these amounts we can see that the change relative
to the original halos is not very large (~30%). For instance
taking the upper curve in the figure (i.e. numerous dwarfs) we
see that (Ny,>,~310%° leading by the above argument
to (Ny.D;~1510%° (the plotted value is =~21029),
{NyuDsa~110%° (previously~1.510%°) and {(Ngy,>s~0.6 10%°
(previously ~ 1 102°). Obviously this is the extreme case, and if we
took into account the real halo column densities in the outer
halos, the values would be even closer to those plotted. The
overall shape of Fig. 1 would in any case be basically unchanged.
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Fig. 2. Percentage with at least one absorption feature against number of haloes on a line-of-sight. Horizontal lines indicate range of each halo size for
various populations of: a=0, b= 500, c=1000, d = 1500, e =2000, f=2500, g=3000 extra dwarf galaxies

We can immediately note some general consequences of our
model:

1) With no LSBGs, as is well known, in order to get a
significant number of absorption line systems (at levels
Ny, >10'° cm ™ 2) we require very large halos. With 4R, halos we
predict that ~13% of quasars should have absorption systems in
excellent agreement with the 10 out of ~70 predicted by IH for

-their specific quasars and quasar candidates.

2) If about 5Ry is the maximum allowable halo size, due to
galaxy-galaxy interactions, then we can obtain no more than
~25% detections, unless we admit large numbers of LSBGs. Our
model with 3000 LSBGs (and 5Ry halos) allows up to ~80%
detections.

Some further more specific (i.e. more model dependent) im-
plications are that

3) The inclusion of numerous LSBGs increases the fraction of
detections and the mean column densities; the detection of high
column densities at any particular f favours the LSBG hypoth-
esis (Where we have numerous small high Ny, areas) over the very
large halos (which obviously add in more low column density
lines-of-sight).

4) In particular, observing few, but high {(Ny,) systems
would imply small halos and numerous LSBGs.

5) A large number of overlapping galaxies (i.e. multiple sys-
tems) cannot be obtained from the VCC galaxy population alone.
If large numbers of multiple systems are observed ({N,) ~2) with
appropriate splitting >300 km s~ ! then this indicates numerous
LSBG with large haloes.
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