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Abstract: A substantial population of red quasars has been discovered in a complete
sample of flat-spectrum radio sources, Dust is the most likely cause of the reddening
in this sample. The location of the dust is poorly known, but may either be in the
line-of-sight to the guasar, or in the immediate quasar environment. In this paper
we are interested in models where the dust is located in the line of sight to the
quasar. We calculate the probability distribution of the optical depth in galactic dust
as a function of source redshift, using a range of parameters which might describe
real galaxies. We compare these results with those found for our sample of radio
quasars. If the dust content is unevolving, then it is not possible to account for all
the observed reddening in the quasar sample using these models. Our minimum dust
model predicts that 15% of background quasars to z ~ 5 will have a line of sight
within 5 kpe of a galaxy's centre, and would therefore be reddened out of B-band

flux-limited samples.
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1. Introduction

As early as 1930, Trumpler showed that optical
observations of distant stellar clusters were affected
by dust, which he suggested was in a thin absorbing
layer in the galactic plene. Similarly, sources at
large redshift might be severely affected by dust
in intervening galaxies, thus biasing our knowledge
of the distant Universe. An historical review of
cosmological studies of obscuration by dust is given
by Rudnicki (1986).

This paper is motivated by recent observations of
a radic-selected sample of quasars (Webster et al.
1995), which is optimal for the study of the effects
of dust on high-redshift quasars. A large fraction
of the quasars in our sample are red, much redder
than is characteristically assumed in searches for
quasars. We argue that the reddening is due to
dust, although the location of the dust is uncertain.
There are two obvious possibilities: either the dust
is in the local quasar environment or else it is in
the line of sight to the quasar. In this paper,
we investigate the effects of an interveming dust
component, which is located in galaxies in the line
of sight.

The effect of intergalactic dust on observations of
objects at cosmological distances has been discussed
by Ostriker & Heisler (1984), Heisler & Ostriker
(1988), Fall & Pei (1989, 1992) and Wright (1986,
1990). These authors have all shown that the
line of sight from a high-redshift quasar has a high
probability of intercepting a galaxy disk, particularly
if the dusty disk is larger than the optical radius of

the galaxy. The principle issue in these calculations
is that realistic dust distributions, which are ‘soft’
around the edges, will cause many quasars to be
reddened without actually removing them from a
magnitude-limited sample. There has been little
evidence for a population of reddened quasars in the
past. This has been considered a strong constraint
on models that postulate that dust rmight obscure
a large fraction of the high-redshift universe. Our
new observations (Webster et al. 1995) remove
this constraint, and will provide a distribution of
reddening as a function of redshift against which
intervening models can be measured.

Ostriker & Heisler (1984) have suggested that
intervening dusty galaxies would individually produce
encugh extinction to remove background quasars
from a flux-limited sample. In order to avoid
the problem of penerating many reddened quasars,
Ostriker & Heisler suggest that the dusty regions
are hard-edged: either a quasar is reddemed out of
the sample or it is not reddened at all. They find
that existing quasar observations (in optical, X-ray
and radio bands) are consistent with significant
obscuration setting in by z ~ 3. They estimate that
more than 80% of bright quasars at this redshift
may be obscured by dust in intervening galaxies
and hence missing from optical samples.

In their later models, Heisler & Ostriker (1988)
adopt one set of parameters for the dust properties
of galaxies. These parameters describe galaxies
which are much dustier than those observed in
the nearby universe (Giovanelli et al. 1994; Byun
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