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6
The Host Galaxies of H I 21cm

Absorbers
We present near infrared images of the fields around QSOs B 0738+313 and
B 1127-145. There are three low-redshift Damped Ly�/H I 21cm absorption
line systems present on the sight lines toward these two QSOs. We argue that
the absorbing gas at z = 0:2212 toward B0738+313 arises in the outskirts of a
small elliptically shaped galaxy with L� 0:1L? in the K-Band. The z = 0:0912
absorber on the same sight line is apparently part of a galaxy which falls under
the point-spread-function (PSF) of the bright QSO, although there is a faint
spiral arm-like structure at a projected separation of 10 kpc from the QSO sight
line if it has a redshift z = 0:0912. The multi-component H I 21 cm absorber
at z = 0:313 toward B1127-145 most likely arises in interaction gas among a
small group of galaxies near the QSO sight line.

6.1 Introduction

The spectroscopic identification and study of damped Ly�/H I 21cm absorbers and
their associated metal-line absorption provides a range of information about the
characteristics of the neutral absorbing gas, including estimates of metallicity, dust
content, temperature, and velocity distribution. At high- and moderate- redshifts,
DLA absorbers have low-metallicities (Pettini et al. 1999), a low dust-to-gas ratio
(Pei et al. 1991), and little molecular gas (Levshakov et al. 1992). The mean spin tem-
perature of the neutral Hydrogen is of the order < Ts > � 1000 K, much higher than
that seen in our own Galaxy (Carilli et al. 1996). Theoretical models can explain the
observed metal-line absorption profiles at high-redshift by either thick rotating neu-
tral gas disks (Prochaska and Wolfe 1997, Prochaska and Wolfe 1998) or by the merg-
ers of proto-galactic clumps (Rauch et al. 1997, Haehnelt et al. 1998). At high red-
shift DLA systems dominate the cosmic mass density, ΩH I(z), of neutral Hydrogen
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gas, and are the likely progenitors of the gas-rich galaxies which dominate ΩH I(z)
at z � 0 (Wolfe et al. 1995).

Despite the theoretical models, we know very little about the true morphology of
these neutral-gas rich absorbers. The apparent surface brightness of any redshifted
object is dimmed by a cosmological factor of (1+ z)�4, and at high redshift it is sim-
ply very difficult to image and obtain spectra for candidate DLA-host galaxies. This
problem is made worse by the necessary presence of a bright QSO on a sight line
passing through some part of the absorbing galaxy. In order to relate the observed
absorption lines to physical systems which can be compared to gas rich galaxies
at z � 0, it is crucial to identify the host-galaxy. The recently expanded sample of
known low-redshift DLA (Rao and Turnshek 2000) and H I 21cm absorbers (Chapter
4, this thesis) provides an ideal set of sources for study to address this identification
problem.

A variety of imaging and spectroscopic studies over the past few years have in-
dicated that the DLA/21cm absorption systems actually select galaxies with a range
of morphologies rather than one characteristic type of system. The likely host galaxy
for the H I 21cm absorber at z= 0:437 on the 3C196 sight line has been identified as a
luminous barred spiral (type SBc) with extended arms covering the radio-lobes of the
QSO (Cohen et al. 1996, Le Brun et al. 1997). There are two known DLA systems as-
sociated with compact objects at small angular separations from QSO sight lines: the
z= 1:01 absorber towards 0302-223 (Le Brun et al. 1997), and the z= 0:8596 absorber
on the sight line to 0454+039 (Steidel et al. 1995, Le Brun et al. 1997). There are a cou-
ple of absorbers associated with amorphous low surface brightness objects. These
include the z = 0:395 H I 21cm absorber on the 1229-021 sight line and the z = 0:692
H I 21cm absorber toward 3c286 (Steidel et al. 1994, Le Brun et al. 1997). The host-
galaxy of the DLA absorber at z = 0:656 toward 3c336 has yet to be identified de-
spite an extensive imaging and spectroscopic study of this field (Steidel et al. 1997),
and it is thought to arise in a low surface brightness galaxy which has not yet been
identified. The z = 0:2212 DLA/21cm absorber toward 0738+313 is associated with
a slightly under-luminous elliptical, while the z = 0:0912 DLA/21cm absorber on
the same sight line has no identified host galaxy (Rao and Turnshek 1998, Turnshek
et al. 2000). In the case of AO 0235+164 it is entirely unclear what type of object is
responsible for the z = 0:524 H I 21cm absorption, despite observations made with
the HST (Burbidge et al. 1996). There is a spiral galaxy with unknown redshift at an
angular separation of 1:300 to the East of the QSO, while 200 to the south there is an
AGN at zem = 0:524, surrounded by a nebulosity which covers the QSO position.

It is clear that the low redshifts of these systems do not necessarily make it easier
to identify the host galaxy. In most cases the best candidates are at such small impact
parameters that they fall at least partially under the QSO PSF in ground-based im-
ages. In order to confirm the reality of such detections it is necessary to obtain more
than one observation, and preferably to use telescopes with adaptive optics or the
HST to improve the angular resolution of the image. Unfortunately telescope time
on such instruments is difficult to obtain.

Imaging at a variety of wavelengths allows the derivation of colors and pho-
tometric redshifts for the host-galaxy candidates. Near-infrared colors are particu-
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larly useful in this respect, because we expect the absorbing galaxies to be quite red
in color, and because they better constrain the photometric models of low-redshift
objects. Here we present near-infrared images for the fields of three low-redshift
DLA/21cm absorbers for two of which a firm identification of the host galaxy has
not yet been made. These include the z = 0:0912 and z = 0:2212 absorbers on the
B 0738+313 sight line, and the z = 0:313 absorber toward B 1127-145. The infrared
images reveal low surface brightness and sub-L? objects in both fields which we
identify as the likely host systems for the absorption.

6.2 B 0738+313

6.2.1 The Observations

A K-Band image of the B 0738+313 field was obtained on 12 December 1998 at the
3.0m NASA Infrared Telescope Facility (IRTF) using the NSFCAM instrument and a
256� 256 InSb detector array. The image scale is 0:30 00 per pixel, and the seeing is
� 0:5500. In order to properly remove the bright K-band sky the telescope was offset
by small amounts between each frame, a procedure called dithering. This changes
the position of the bright field objects sufficiently to allow the construction of an
object-free sky frame. We chose a 5-point dither pattern with a 2-minute integration
at each pointing. This was repeated 6 times for a combined integration time of 60
minutes. The 60 individual images were flatfielded using domeflats. The median of
the 5 frames in each dither pattern was used to subtract the sky background. Each
image was shifted to remove the dither pattern offset, and the shifted images were
combined to create the final image. The final K-band image is presented in Fig-
ure 6.1. In order to better see the faint structure near the QSO, the image has been
smoothed and the QSO PSF has been subtracted in Figure 6.2, as have the PSFs of
stars in the field.

6.2.2 Discussion

The galaxy, G1, that lies to the southeast of the QSO is the only galaxy that is clearly
visible near the QSO sight line in optical R-band images, although both Rao and
Turnshek (1998) and Le Brun et al.(1993) were also able to identify a fuzzy feature
that lies a few arcseconds to the west-southwest of the QSO. There are two DLA
absorbers on this sight line – one at z1 = 0:0912 and one at z2 = 0:2212. Both of these
have substantial column densities (NHI = 1:5� 1021 cm�2 and NHI = 7:9� 1020 cm�2

respectively) and both have associated H I 21cm absorption lines.
The lower redshift system, as described in Chapter 5, has two very narrow H I

21cm absorption components with velocity widths of only a few km s�1, and a third
shallow component with a velocity width of 15 km s�1. The three components are
spread over less than 10 km s�1 in total. The very narrow, unsaturated Ca II H and K
lines are the only identified metal-lines associated with this system (Lane et al. 2000),
and while they are consistent with the velocity spread of the 21cm gas, they do not
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Figure 6.1: K-Band image of the B 0738+313 field. North is up and East is left. The QSO
(labeled Q) presents a slightly asymmetric shape because of a close star on the northeast side.
The pixel scale is 0:3000, and the seeing is � 0:5500. The entire image covers roughly 10 by 10.
The 3� limiting surface brightness is 22.0 mag/arcsec2.

further constrain the gas kinematics. The z = 0:2212 system has narrow Mg II and
Fe II absorption lines, with Mg II W�2796

o = 0:52 Å corresponding to a velocity spread
of � 55 km s�1. Its H I 21cm absorption profile contains a single component with a
velocity width of � 5:5 km s�1 (Chapter 4). The information on velocity structure
indicates that if either of these absorbers is a large rotating disk it must be viewed
nearly face-on.
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Figure 6.2: Extract from the K-Band image of the B 0738+313 field. The PSF of the QSO
has been subtracted to bring out the structure near it and it is labeled Q. The image covers
roughly 3500 by 3500 , and has a 3� limiting surface brightness of 23.3 mag/arcsec2. At a redshift
z = 0:0912, 500 is about 9 h�1

65 kpc, and at z = 0:2212 it is 17.5 h�1
65 kpc. Galaxy G1 is separated

from the QSO by 5:700.

6.2.3 The zabs = 0:2212 Host Galaxy

Turnshek et al. (2000) associate G1 with the z = 0:2212 absorber, based on its pho-
tometric colors (UBRIJHK) and optical spectrum. This identification does not, how-
ever, come from direct measurements of emission lines, as none have been detected.
The optical spectrum is typical of an early type galaxy or a bulge. They fit ellipti-
cal isophots to an R-Band image of this galaxy, and find that the brightness profile
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is well described by an r1=4 law in the center, while the outer isophots are better fit
by an exponential. Typically dwarf elliptical galaxies have exponential brightness
profiles; central surface brightness excesses are seen in bright dwarf ellipticals and
spheroidals (eg. Jerjen et al. 2000).

In the K-Band image, G1 is a compact object with little extended low-surface
brightness light. It does not appear to overlap the QSO or the low surface brightness
structure around the QSO at the sensitivity levels of this image. Measured over a
1:400 aperture, G1 has an apparent luminosity, of mK = 17:7� 0:1. The unusually
small aperture was chosen to include most of the galactic light detectable above the
sky background while minimizing the error. The derived absolute magnitude of G1
is MK = �22:3 for z = 0:2212. Loveday (2000) measures the luminosity function
of local field galaxies, and finds M?

K = �24:5 for Ho = 65 km s�1 Mpc�1. G1 is 2.2
magnitudes fainter than this, so L� 0:1L?. The apparent R-band magnitude for G1 is
mR = 20:8 mag (Rao and Turnshek 1998), and the derived R - K� 3 is slightly redder
than typical colors (R-K� 2:5) of spiral galaxies (de Jong 1996b).

At an impact parameter of 5:700, or roughly 20 h�1
65 kpc at the absorption redshift,

the neutral gas in G1 obviously extends to greater radii than the stars visible in either
the optical or infrared images. It is possible that G1 is actually the bulge of a low
surface brightness disk which we do not detect in our present images. However, it
seems more likely in view of the optical and spectroscopic evidence as well as the
K-band magnitude and R-K color that it is a regular, slightly under-luminous galaxy
with an extended HI disk.

6.2.4 The zabs = 0:0912 Candidate Host Galaxy

The QSO is surrounded by a roughly circular region of emission that has a surface
brightness that ranges from 22.8 to 23.2 mag arcsec�2 in the smoothed image (Figure
6.2. The faint object seen near the QSO in the R-Band images of Rao and Turnshek
(1998) and Le Brun et al. (1993) corresponds to the elongated linear feature running
nearly directly west from the southwest part of the QSO in Figure 6.2. It has an
average surface brightness of 23.0 mag/arcsec2 and a total apparent magnitude of
mK = 20:1 mag, measured in the smoothed and PSF subtracted image. On the other
side of the QSO, there is a distinct arc feature to the southeast. This is separate from,
but concentric with the bulk of the light around the QSO, and looks like the arm of a
spiral galaxy seen face-on. It has an average surface brightness of 23.0 mag/arcsec2

and a total apparent magnitude mK = 20:4 mag.
The magnitudes of both the arm and the linear feature correspond to � 0:002L?

at a redshift of z = 0:09, but this is not unexpected since it is unlikely that either
feature is an entire system at that redshift. If the linear feature is an edge-on galaxy
at the QSO emission redshift of zem = 0:635, it would have an absolute magnitude
which is L� 0:1L?. The measured surface brightness of the linear feature in the R-
band is �R = 25:3 mag arcsec�2, barely larger than the 25:4 mag arcsec�2 1� limiting
surface brightness in the image (Rao and Turnshek 1998). Using this information we
derive a color R-K� 2:5 for the linear feature and a lower limit to the color of the
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spiral arm of R-K> 2:5. This is consistent with the colors of typical spiral galaxies
(de Jong 1996b).

Excluding the linear feature, the angular diameter of the nearly concentric struc-
ture around the QSO is about 1000, although there is a hint of even lower surface
brightness emission further to the northwest which, if real, would increase the an-
gular diameter to � 1300. At a redshift of z = 0:0912 this corresponds to 17:5 h�1

65 kpc.
Galaxies are usually smaller in the infrared than in the optical; Jarret (2000) finds
that the K-Band isophotal diameter of 2MASS galaxies measured at 20 mag arcsec�1

is typically 60-75 % of the B-Band optical radius measured at 25 mag arcsec�1. The
K-Band to B-Band diameter ratio is smaller for late-type spirals and larger for early-
types and ellipticals. The concentric structure in our field has a surface brightness of
23.0 mag arcsec�2 measured at a radius of 10 h�1

65 kpc. If we assume a scale length of
2:3 h�1

65 kpc, a common value among spirals in the K-Band (de Jong 1996a), we find
that the surface brightness would be 20 mag arcsec�2 at a diameter of d20 � 7:5 h�1

65
kpc. This corresponds to a diameter 10 < d25 < 12:5 kpc in the B-Band. Although
isophotal diameters are not the best way to compare the sizes of galaxies and our
numbers are crudely estimated, the concentric fuzz is a reasonable size for a spiral
galaxy at z = 0:09.

McLure et al. (1999) have studied the host galaxies of low redshift luminous
quasars. They find that all radio loud quasars and most radio quiet quasars with
MR � �24:0 mag have luminous (L� 2L?), large (average scale length � 8 h�1

65 kpc),
elliptical host galaxies. The R-band image of the 0738+313 QSO is saturated (Rao and
Turnshek 1998), but the QSO has an apparent B-band magnitude of 16.1 mag, and
assuming B-R� 1, MR � �27, and is certainly brighter than the McLure et al. cutoff
magnitude. An L� 2L? galaxy would have a K-band magnitude of MK � �25:3
mag, or an apparent magnitude of mK � 16:8 mag. The typical scale length of 8 kpc
corresponds to 1:300 at the QSO redshift of zem = 0:635, while the blanked-out QSO
in Figure 6.2 has a radius of just over 200. Based on this information, a portion of the
fuzz surrounding the QSO could well be the QSO host galaxy.

The probable contribution of a QSO-host galaxy at a redshift z = 0:653 and the
faint nature of the emission in the K-band image, make it difficult to draw firm con-
clusions about the nature of the z = 0:0912 absorber. The interpretation that it is a
spiral galaxy viewed face-on is consistent with both the narrow velocity 21cm ab-
sorption features and the suggestion of spiral arm structure in the K-band image.
The galaxy must lie at a very small impact parameter, centered nearly on the QSO
sight line, and is very red in color. It most likely accounts for some or all of the struc-
ture seen around the QSO in Figure 6.2. Deeper optical images to obtain better color
information and/or images at smaller angular resolution would both help to distin-
guish the QSO, its host-galaxy, and the foreground absorbing galaxy at z = 0:0912.
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6.3 B 1127�145

6.3.1 The Observations

A J-Band image for B 1127-145 was obtained with the ESO 3.5m New Technology
Telescope (NTT) and the SofI (Son of Isaac) instrument on 10 February 1999. The
pixel scale is 0:29200 per pixel over the 4:90 field of view, and the seeing was 0:800. In-
stead of observing in a repeating dither pattern, the telescope was “jittered” in a se-
ries of random offsets that optimize sky background filtering (Devillard 1999). Each
frame had a 2-minute integration, and the total integration time was 80 minutes.
The data were reduced with the pipeline data reduction package ECLIPSE devel-
oped specifically for use with SOFI and ISAAC data. Data were dark subtracted, flat
fielded with dome flats, sky subtracted, shifted and added together to form one im-
age using the JITTER routine. The resulting J-band image is presented in Figure 6.3.
Figure 6.4 shows the region closest to the QSO after PSF subtraction and smoothing
to bring out the extended low-surface brightness structures. The PSF of nearby stars
has also been subtracted in this image.

6.3.2 Objects in the Field

The galaxy-rich field around B 1127-145 makes a sharp contrast to the relatively
empty field around B 0738+313, and includes two large luminous disk galaxies, G1
to the east and G2 to the northeast of the QSO. Bergeron and Boissé (1991) obtained
emission spectra for these two galaxies which have emission lines at average red-
shifts of z1 = 0:3130� 0:0007 and z2 = 0:3119� 0:0002 respectively. They chose the
disturbed edge-on disk galaxy G1 as the likely host galaxy for the z = 0:3129 Mg II
absorption, despite its large impact parameter of b � 42 h�1

65 kpc. Both G1 and G2
present obviously disturbed profiles in the J-band image and appear to be interact-
ing, implying that tidally generated arms or debris may extend to the QSO sight
line.

On the west side of the QSO and separated from it by 3:700, is a faintly visible knot
labeled G3. In optical images the fuzz around G3 is not visible, and the knot has a
spectroscopic redshift of z3 = 0:3121� 0:0002 (Lane et al. 1998). G4, the bright, com-
pact object nearly 600 to the east-southeast of the quasar is visible in optical images as
well, and does not have a known spectroscopic redshift.

There are two faint patches of fuzz, one to the northwest and one to the southwest
of the QSO. These are clearly separate from the QSO image. It is unclear if these
patches and G4 are three separate objects, or whether they are connected by even
lower surface brightness material not detected here. The small condensation just
below G1 does not appear in optical images of the field. We call this G5, as it may
be a high redshift dropout galaxy. The QSO B 1127-145 has an emission redshift of
z = 1:187, at which redshift its host galaxy should fall completely under the QSO
PSF.

In Table 6.1 we present a summary of the objects near the B 1127-145 sight line.
In columns 2-4 we list the angular separation between the quasar center and the
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Figure 6.3: J-Band image of the B 1127-145 field. The QSO is labeled Q. The pixel scale is
0:29200, and the seeing is � 0:800. The entire image extends 101500 by 101500 . The 3� limiting
surface brightness is 22.9 mag/arcsec2.

objects in terms of ∆�, ∆Æ, and the true separation ∆�. In column 5 we convert ∆�
to a projected physical distance, or impact parameter, b. In column 6 we list the
peak surface brightness, and in column 7 we give the total magnitude of each object,
measured from the unsmoothed image. Column 8 lists the spectroscopic redshift if
known. The k-corrected MJ of each object listed in column 9 is calculated at a redshift
of z = 0:313.

No J-Band luminosity function of galaxies is currently available in the literature.
To place the absolute magnitudes for this field into some context, we convert them
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Figure 6.4: Extract from the J-Band image of the B 1127-145 field. The PSF of the QSO has
been subtracted and the image has been smoothed to bring out the faint structure. The entire
image extends 10 by 10. At a redshift z = 0:313, 500 is about 22 h�1

65 kpc.

to K-band values using the color relationship J-K� 1 which applies to all galaxy
types (Jarrett 2000). For field galaxies, M?

K = �24:5 (Loveday 2000) when Ho = 65
km s�1 Mpc�1. The estimated K-band luminosities for G1 and G2 are L� 0:25L? and
L� 0:6L? respectively, while G3 has L� 0:01L? . If we assume that the NW and SW
fuzz are part of a single LSB galaxy with G3 at the center, then the total magnitude
is MJ = 20:3 mag, or L� 0:04L?. The three components span about 50 - 60 h�1

65 kpc at
the redshift of G3, which would be a large diameter for a galaxy this faint.

The complex H I 21 cm absorption profile for this system contains at least 5 com-
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Table 6.1: Objects in the B 1127-145 Field

Object ∆� ∆Æ ∆� ba Peak �J mJ redshift MJ
(arcsec) (arcsec) (arcsec) (kpc) mag arcsec�2 mag mag

G1 9.0 4.0 9.8 42.5 18.8 17:9� 0:1 0.3132 -22.5
G2 7.7 16.1 17.9 77.7 18.7 17:4� 0:1 0.3125 -23.0
G3 -3.7 0.4 3.7 16.1 21.5 21:9� 0:3 0.3121 -18.5
G4 5.4 -1.5 5.6 24.3 20.9 20:9� 0:2 -19.5
G5 8.1 1.8 8.3 36.0 21.3 21:0� 0:2 -19.4
NW fuzz -1.9 3.3 3.8 16.5 22.5 21:2� 0:3 -19.3
SW fuzz -2.6 -5.7 6.2 26.9 22.7 21:6� 0:3 -20.1
a Ho = 65 km s�1 Mpc�1

ponents spanning a velocity of about 85 km s�1 (Chapter 4). Similarly, the Mg II, Fe II,
and Mg I metal-lines are all very strong. The Mg II W�2796

o = 2:21 Å corresponds to
a velocity width of 240 km s�1. The H I column density NHI = 5:1� 0:9� 1021 cm�2

is also very large. The absorption lines indicate a large amount of neutral and low
ionization gas spread over a wide velocity range, such as might be found in a large
spiral galaxy viewed at high inclination.

Of the large bright spirals in the field, it seems unlikely that G1, at a projected
separation from the QSO of 43 kpc, could be responsible for the multi-component
velocity structure and total column density of H I gas observed, and G2 is even more
distant. If the NW fuzz, SW fuzz, and G3 are all part of one LSB galaxy, the projected
separation of 16 kpc is much more reasonable, but the redshift of G3, z = 0:3121�
0:0003 is slightly lower than the observed absorption redshift of z = 0:3129� 0:0003.
The difference in redshift corresponds to ∆V � 240� 125 km s�1, which is larger
than the velocity spanned by the H I 21cm absorption, but not inconsistent with the
spread of the Mg II absorption.

Observations of nearby tidally interacting galaxies show that gas with a broad
velocity dispersion and high H I column density can be found well-outside the opti-
cal emission regions of the galaxies in compact groups (eg. Williams et al. 1991). In
CDM-based theoretical models, Haehnelt, Steinmetz, and Rauch (1998, also Rauch
et al. 1997) show that the observed velocity profiles of metal lines in DLA systems
can be explained by the interactions of small (proto)galaxies. Taking into account
the three galaxies for which the spectroscopic redshifts are known, the disturbed ap-
pearances of the two spirals, the broad velocity spread of the absorption lines and
the presence of a number of other small galaxies and low surface brightness objects
near the QSO, we propose an alternate source for the observed absorption: interac-
tion gas in a small group of galaxies. Future observations such as spectroscopy of the
other galaxies in the field and narrow-band imaging will be necessary to prove or
disprove this theory.
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6.4 Summary

We have presented near infrared images for three low redshift DLA/21cm absorbers
in two fields. We argue that the z = 0:2212 absorber toward B0738+313 arises in the
outskirts of an elliptically shaped galaxy which lies at a separation of 20 h�1

65 kpc from
the QSO sight line, and has L= 0:1L? in the K-Band. The z= 0:0912 absorber appears
to fall under the image of the QSO and its host galaxy. We deduce its face-on nature
from the H I 21cm absorption profile, and suggest that an LSB feature shaped like a
spiral arm may in fact be part of the host-galaxy. The absorber at z = 0:313 toward
B1127-145 most likely arises in interaction gas among a small group of galaxies near
the QSO sight line.

The images presented in this chapter are part of a larger program to image the
fields of low- and moderate- redshift DLA/21cm absorbers in an effort to better
characterize their host galaxies. They add to the growing body of evidence which
suggests that there is no “typical” host galaxy for DLA/21cm absorbers at these red-
shifts.
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