














No. 2, 1997

appear to be quite compact on the HST images, and the (at
least) two objects to the north (collectively referred to as
“G13” in SD92) are clearly detected in the K band. Given
our primary aim, to establish the nature of the absorbing
galaxies along the QSO line of sight, it was very important
to determine redshifts for these nearby objects, particularly
in light of the fact that we had yet to identify a plausible
candidate for the galaxy giving rise to the damped Lyman-o
absorption system at z = 0.656. However, we have shown
through Keck spectroscopy under very good seeing condi-
tions that these objects are all at redshifts within ~ 1000 km
s~ ! of the QSO redshift. There is also clearly a great deal of
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extended, forbidden line emission in the vicinity of the QSO,
some of which has associated continuum (e.g., the two
objects to the north of the QSO—Ilabeled 1b and 2 on Figs.
1 and 8), and some of which does not. In Figures 8 and 9, we
show diagrams of the slit positions and contour plots of the
two-dimensional spectrograms in the vicinity of the [O 1]
3727 emission line near z =0.927. The line-emitting
“blobs ” exhibit a velocity spread in excess of 1000 km s~ 1.
At the same time, there is no evidence from the spectra of
emission from any hidden object at z = 0.656 that might be
responsible for the damped Lyman-« system at that red-
shift.
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FI1G. 9.—(a) Spectral image of the slit PA = 97°, centered near the [O 1] 43727 line at the QSO redshift. Note the two clear components, separated by
~900 km s~ !, which we have identified as indicated (see Fig. 7). A small amount of scattered QSO continuum light has been subtracted. There is evidence for
additional line emission that is not associated with any of the continuum objects in the vicinity of the QSO. (b) Spectral image of the slit at PA = 165°,
centered near the [O 1] 13727 line and [Ne 1] 43869 at the redshift of the QSO. Here there are three distinct velocity components, where the knot to the
south (1a) appears to have roughly the same redshift as the QSO, the component to the north (2) that is redshifted by +900 km s~ ! relative to the QSO, and a
component ~ 5" to the north (“NC?) that is not evident on any of the continuum images.
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There is no evidence for a normal, luminous host galaxy
to the QSO from our imaging data. As can be clearly seen in
the three PSF-subtracted images in Figure 2d, there is no
sign of any symmetric residual after subtraction of the QSO
point source, even in the HST and Keck/NIRC images,
which are both extremely deep and have excellent image
quality. This is somewhat surprising, given that radio-loud
QSOs are believed to be situated within giant elliptical host
galaxies (e.g., Boroson, Oke, & Green 1982; Smith et al.
1986; McLeod & Rieke 1995), although more recent data
from the Hubble Space Telescope reveal a wide range of host
galaxy properties (Bahcall et al. 1997). In fact, galaxy 14,
about 12” to the north of the QSO, is a giant elliptical at
z = 0.921 with a rest-frame K luminosity of about 4L%. If
such a galaxy were placed precisely “underneath ” the QSO
image, it would have been exceedingly obvious in our PSF
subtractions. However, we cannot rule out a much fainter
host galaxy with luminosity comparable to that of the close
companions (la, 1b, and 2 in Fig. 8). It may also be that
some of these “companions ” actually represent pieces of an
extended, chaotic host galaxy, similar to (but substantially
fainter than) the highly disturbed 3CR radio galaxies at
z ~ 1 seen in HST images (e.g., Longair, Best, & Rottgering
1995; Dickinson, Dey, & Spinrad 1995; Best, Longair, &
Rottgering 1996). Infrared images of these radio galaxies,
however, generally show symmetric and very luminous host
galaxies that would have been easily seen in our NIRC data
on 3C 336.

If there is a cluster associated with 3C 336, then it is
curious that the QSO itself does not seem to reside in the
dominant cluster galaxy. Also, we note that with the excep-
tion of the very close quasar “companions” 1a, 1b and 2, all
of the other potential cluster galaxies lie at redshifts ~ 1000
km s~ ! smaller than that of the QSO (the QSO redshift is
determined from its forbidden lines).

5. DISCUSSION

While the sample of absorbing galaxies we have compiled
in this single QSO sight line is far too small to allow general
conclusions about the overall nature of metal-line absorbers
in QSO spectra, it can be used effectively in conjunction
with our large ground-based absorbing galaxy survey. Of
the six known metal-line absorption system along the 3C
336 line of sight, we have identified the galaxies we believe
to be responsible for the absorption in five of those six cases.
As we had concluded on the basis of our previous ground-
based work, the bulk of the absorbers are indeed relatively
luminous galaxies spanning the normal Hubble sequence of
morphologies. In this small sample, we have two very lumi-
nous early-type spiral galaxies, two mid-type spiral galaxies
(one of which is seen nearly edge-on), and a very compact,
high surface brightness object of relatively low luminosity
that defies simple morphological classification. Despite the
much deeper, higher resolution images we have presented
here, as well as spectroscopy that reaches fainter magni-
tudes and achieves greater completeness than our previous
efforts, the conclusion that the galaxies responsible for the
absorption are luminous objects within ~40-50 h~! kpc
remains. There are also no luminous (L 2 0.1L*) galaxies
within such projected distances that do not give rise to
measurable absorption lines of either Mg 11 or C 1v or both,
supporting our previous assertion that the covering fraction
for the extended gas associated with such galaxies must be
near unity. Looking at Table 5, there is a general, albeit not
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highly statistically significant (made more significant if it is
assumed that the unidentified z = 0.656 absorber is very
close to the QSO line of sight), trend for the ratio of C v to
Mg 1 absorption line strength to increase with increasing
galactocentric impact parameter. Such a trend would be
expected if, for example, the gas density in halo clouds (or
the density of gas in an extended disk) decreases with galac-
tocentric distance, resulting in a higher level of ionization.
Clearly, more data would be required to establish this
securely, but the trend is in the expected sense if the gas is
physically “attached ” to the identified galaxies.

On the other hand, we draw attention to the fact that the
one galaxy not identified in this field is the one for which we
have the most information from the absorption line spec-
trum of the QSO: the z = 0.656 damped Lyman-o absorp-
tion system. An analysis of the absorption line spectrum
suggests that the gas in this system is underabundant in
heavy elements by a factor of =10 relative to solar (§ 3.4),
similar to other damped systems at comparable redshifts
(Meyer & York 1992; Steidel et al. 1995). As in these other
two systems with metal abundance measurements, however,
the galaxy responsible is not a normal, relatively luminous
spiral galaxy (as is often assumed implicitly for the damped
Lyman-a absorbers as a population). Whereas in these
other two cases the galaxies were of low surface brightness
and low luminosity, respectively, here we find no plausible
absorbing galaxy at all, after a much more intensive search
than in any previous line of sight. LeBrun et al. (1996b) have
recently presented results from a program of HST imaging
aimed at identifying and studying the galaxies responsible
for seven confirmed or suspected damped Lyman-o absorp-
tion systems at z < 1. They find that the absorbing galaxies
exhibit a much broader range of morphological properties
and luminosity than do the Mg 1 systems. While some are
readily identifiable with normal disk galaxies, others are
found to have very low luminosities, low surface bright-
nesses, or extremely compact morphologies. LeBrun et al.
identified plausible candidates for all of their absorbers,
although several do not yet have spectroscopically con-
firmed redshifts. Our inability to find the z = 0.656 absorb-
ing galaxy implies that either (1) the object is very faint and
aligned very closely with the QSO line of sight, or (2) the
absorption arises from gas with little or no associated star-
light, perhaps material tidally drawn (by an as yet unidenti-
fied companion) from galaxy 26, located 65 h~ ! kpc away.

While the statistics on low-redshift damped Lyman-o
absorbing galaxies are still quite sparse, the existing data
suggest that selecting galaxies at higher N(H 1) contours
significantly changes the nature of the objects producing the
absorption. That is, if damped systems identified thus far at
0 < z < 1 represent a fair sample, then relatively luminous,
Hubble sequence galaxies do not necessarily dominate the
total cross section of high column density [N(H 1) = 10%°]
gas. This is somewhat at odds with the work of Rao &
Briggs (1993), who conclude that the total H 1 cross section
in the local universe is dominated by bright spiral galaxies;
however, there is the possibility of selection effects at work
in this high column density regime because of the possible
presence of substantial dust in chemically evolved galaxies,
such that they might be missed in surveys dependent on
optically selected background QSOs (Pei & Fall 1995;
Steidel et al. 1994b). If this were the case, it would naturally
explain why one has yet to find a case of a damped Lyman-«
system at z <1 with anywhere near solar abundance of
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metals, and why the subset of the Mg 11 absorbing galaxies
with high H 1 column densities appears to be significantly
different from the overall sample at large.

As for the issue of the geometry of extended gaseous
regions relative to the identified galaxies, the HST sample
presented here again is too small to definitively rule out
either relatively spherical gaseous halos or extended disks.
We are in the process of compiling a large sample of absorb-
ing galaxies observed with HST in which we will present a
much more comprehensive statistical analysis. However, we
note that at least two of the absorbing galaxies (numbers 16
and 45) show no spectroscopic evidence for ongoing star
formation and are of relatively early morphological type
(galaxy 16 appears to be an S0), and several would require
enormous disk extents were the absorption arising in
extended thin disks, after accounting for the galaxy inclina-
tions relative to the line of sight to the QSO.

It is interesting to note that, while our FOS spectrum of
3C 336 does not have the high S/N of most of the spectra
obtained for the HST Absorption Line Key Project survey
(e.g., Bahcall et al. 1993), we are able to identify essentially
every significant absorption feature in the spectrum with
Galactic interstellar absorption, a known metal-line
absorption system, or a Lyman-« line plausibly close in
redshift to one of the galaxies for which we have obtained a
redshift. There are two reasonably secure identifications of
“Lyman-oa only” systems with galaxies within ~100 h~*!
kpc, one at z,,, = 0.635 and one at z,,, = 0.702. Each of
these has a rest equivalent width of ~0.5 A, but they are
apparently produced by very different types of galaxies—
one is a giant spiral and one is a star-forming dwarf galaxy.
The absorption systems are typical of those that have been
the subject of recent studies by Lanzetta et al. (1995), Le
Brun, Bergeron, & Boissé (1996a), and Bowen, Blades, &
Pettini (1996) in the context of identifying galaxies associ-
ated with low-redshift, relatively strong Lyman-o lines.
While Lanzetta et al. (1995) have concluded that the
absorption is directly associated with luminous galaxies at
distances as large as ~160 h™! kpc, the latter two papers
appear to support a picture in which the low column
density absorbing gas is likely to trace regions containing
galaxies, but is not necessarily directly associated with a
single identified galaxy. We merely point out here that most
surveys for moderate-redshift Lyman-o absorbers would
not have seen the dwarf galaxy (10) at an impact parameter
of ~40 h~! kpc, and might have concluded, therefore, that
the absorption has no associated galaxy or that it is associ-
ated with a much brighter galaxy at much larger impact
parameter. Also, given the recent results from field redshift
surveys with the Keck telescope (Cohen et al. 1996) that
moderate-redshift galaxies tend to be found as parts of
“sheets” or “walls” with very small line-of-sight velocity
dispersions on transverse scales of hundreds of kpc, it is
clearly dangerous to jump to conclusions about the nature
of the very tenuous gas producing the “Lyman-¢ only”
systems and the association with individual galaxies when
the apparent impact parameters become large.

6. SUMMARY AND CONCLUSIONS

We have obtained the most comprehensive data to date
on any single QSO field in an effort to test hypotheses based
on a large ground-based survey for galaxies giving rise to
Mg 1 4142796, 2803 absorption systems. These data include
HST FOS spectroscopy of the QSO, a number of new, high
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S/N spectra of the QSO itself, very deep WFPC2 images,
new ground-based optical and near-IR images, and exten-
sive spectroscopy of faint galaxies in the field of the
z = 0.927 quasar 3C 336. There are now at least six known
intervening metal-line absorption systems ranging in red-
shift from z,,, = 0.318 to z,,, = 0.892 (with a seventh system
probably having extremely weak metal lines), exhibiting a
wide range of Mg 1 doublet strength and ratio of low to
high ionization species. We have obtained the redshifts for
more than 30 galaxies within 50” of the line of sight, allow-
ing us to identify the probable absorbing object in five of the
six cases. The identified objects have morphologies of
normal Hubble sequence galaxies (with the possible excep-
tion of one object, which may be classified as a “compact
narrow emission line” galaxy) with a variety of impact
parameters and inclination angles with respect to the line of
sight to the QSO. The Mg 1 absorbers range in luminosity
from ~0.1L¥ to ~1.8L%, and have projected impact
parameters relative to the QSO line of sight ranging from
15-74 h~! kpc. All of the systems that would have been
included in previous homogeneous samples of Mg n
absorption line systems (both components of the Mg 1
doublet exceeding 0.3 A in rest equivalent width) have
impact parameters smaller than 40 h~' kpc, in agreement
with our previous work (SDP).

Our spectroscopic follow-up in this field has reached con-
siderably deeper than any previous study, with spectro-
scopic identifications reaching to magnitude levels as faint
as # = 24.5 and K ~ 22. We do not find any intrinsically
very faint potential absorbers closer to the sight line than
the galaxies that would have been flagged as the most likely
absorbers in a typical field from our large ground-based
survey. We also do not find any galaxies brighter than
~0.1L¥ at impact parameters smaller than 40 h~! kpc that
do not produce detectable metal-line absorption in the
QSO spectrum. We do, however, find two intrinsically very
faint (~0.02L*) and blue galaxies at impact parameters of
~40 h~ ! kpc that do not produce Mg 11 absorption to 5 ¢
equivalent width limits of ~0.03 A (but one of them appears
to produce a significant Lyman-o absorption line in the
FOS spectrum of the QSO). Both of these facts support the
hypothesis that all field galaxies (apparently independent of
morphological type) with luminosities Lg = 0.1L% are
potential absorbers, but that very intrinsically faint galaxies
do not contribute significantly to the Mg 11 absorption cross
section. There is a suggestion from the data presented here
that extending the sensitivity of absorption line surveys to
weaker equivalent width limits than the currently available
surveys would result in larger impact parameters to the
absorbing galaxies, and that the ratio of C 1v/Mg 11 absorp-
tion line strengths tends to increase with increasing galacto-
centric distance.

The object responsible for the damped Lyman-a system
at z,,, = 0.656 [N(H1) = 2 x 10?° cm~ %] remains unidenti-
fied, despite our intensive efforts. There is a galaxy that has
the same redshift as the absorber within reasonable accu-
racy, but it is an intrinsically faint (Lg = 0.07L}) late-type
spiral with a projected disk impact parameter of more than
100 A~! kpc. We are forced to conclude that the object
responsible for the damped absorption system is beyond the
sensitivity of our current survey, requiring that it be
extremely underluminous (L < 0.05L¥) and/or less than 075
from the QSO line of sight. Interestingly, the metal abun-
dances in this system are quite low, entirely consistent with
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the handful of other determinations at z < 1 and with the
typical abundances at z ~ 2.

We have obtained spectroscopic evidence for a group or
cluster of galaxies at or near the redshift of the QSO, z;, ~
0.923. While the presence of a cluster has been suggested by
several previous studies, it turns out that the high density of
galaxies near the QSO on the plane of the sky used to
establish the presence of the cluster is largely due to the
projection of a number foreground redshifts, including
many of the absorbing galaxies. The bona fide cluster gal-
axies are generally too faint to have been recognized in
previous optical imaging programs, but they become quite
prominent in the near-IR (e.g., K band). It is possible that
the QSO cluster has induced a significant distortion of faint
background galaxies observed by Fort et al. (1996). The
quasar itself does not appear to have a luminous early-type
host galaxy, but there are a number of objects exhibiting a
velocity range of more than 1000 km s~ ! within a few arcsec
of the QSO. The structures are most prominent in for-
bidden line emission, although some have significant
near-IR continuum as well.

We regard this paper as an the first installment of a much
larger project that includes WFPC2 imaging of 24 QSO

fields (HST cycles 5 and 6—see Dickinson & Steidel 1996
for a preliminary report) from our absorbing galaxy survey,
and accompanying faint galaxy spectroscopy using the
Keck telescopes. As such, we refrain from drawing too
many conclusions on the basis of a handful of absorbing
galaxies. However, we do not find it necessary at present to
alter the working hypotheses developed from our more
extensive ground-based survey, despite the much greater
detail afforded by the HST images.
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F1G. 6—More detailed views from the deep WFPC2 image of the identified metal-line absorbers (first five panels), and examples of nonabsorbing galaxies
within 75 h~* kpc of the QSO sight line. Each panel is 6” on a side. Galaxy 26 at z = 0.6560 is the nearest galaxy to the QSO sight line having the redshift of
the unidentified damped Lyman-a absorber. The projected distance from the QSO is 65 h™* kpc, with the projected impact parameter in the plane of the disk
of galaxy 26 being more than 100 A~ ! kpc. Both galaxies 12 and 10 are blue, intrinsically faint galaxies with impact parameters of ~40 h~! kpc. Galaxy 30
has extremely weak Mg 11 absorption (0.04 A rest equivalent width) at an impact parameter of 73 h~* kpc. See Table 5 and § 3 for discussion.
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