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7
Summary and Future Work

In this thesis we have sought to provide insight into how high column den-
sity neutral atomic hydrogen gas evolves from the high redshift damped Ly�
absorber population to the z � 0 gas-rich galaxies. Our approach was two-
pronged: in the first half of the thesis we present a large survey designed to
identify new high column density systems through the H I 21cm absorption
line and to study their statistical properties, while in the latter half we attempt
to identify and characterize the individual galaxies or systems in which ab-
sorbing gas is found. Here we give a brief summary of the main results from
this work, before discussing on-going and future projects.

7.1 Survey and Statistics

Chapter 2
The purpose of this research is to bridge the gap between the extensive H I emis-

sion studies of high column density H I gas at low redshift and the high redshift, z >
1:65, high column density absorbers identified through large surveys for damped
Ly� (DLA) absorption. In Chapter 2 we present the data from a WSRT survey for
H I 21cm absorption in 62 Mg II-selected absorption systems. Taking advantage of
the new UHF-High receivers at the WSRT, our survey included systems at redshifts
0:2 < z < 1:0. We identify 3 new H I 21cm absorbers: zabs = 0:2212 toward the QSO
B 0738+313, zabs = 0:3127 toward B 1127-145, and z abs= 0:3941 toward B 0248+430. In
addition we identify a strong candidate absorber at zabs = 0:432 toward B 1243-072.

Chapter3
In Chapter 3 we combine our WSRT-survey with 10 Mg II-selected systems from

previous H I 21cm surveys (Peterson and Foltz 1980, Briggs and Wolfe 1983). There
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are 5 confirmed 21cm absorbers in this combined sample. For the non-detected sys-
tems, the data places upper limits on on the quantity NHI/< Ts >, (the column den-
sity over the harmonic mean spin temperature). For < Ts > = 100 K and velocity
widths in the range 5 - 10 km s�1, we are sensitive to H I gas at column densities of
NHI � 1� 1020 atoms cm�2 in the majority of our systems, while in some cases this
limit is as low as NHI � 1� 1019 cm�2.

We compare the metal-line properties for the non-detected systems with those of
the H I 21cm absorbers. The presence of 21cm absorption does not depend sensi-
tively on the rest equivalent widths Mg II W�2796

o , Fe II W�2600
o , or Mg I W�2852

o . We do
find that the detection probability is increased by requiring that both Mg II W�2796

o
and Fe II W�2600

o be greater than 0.5 Å, however we note that this will preferentially
select systems which have H I 21cm absorption in multiple components covering a
broad velocity range. Systems which have only a single narrow-velocity H I 21cm
absorption component would not be discovered in samples with this selection crite-
ria. It is important to continue to search for an effective way to find the narrow-line
absorbers as well as the broad-line absorbers.

Using the known redshift evolution of the number density of Mg II-absorbers, we
estimate ΩHI(z) for subsamples of our survey defined by Mg II W�2796

o criteria. For
Mg II W�2796

o > 0:6 Å, we find ΩHI(z = 0:603)= 0:0015 for q0 = 0 and Ho = 75 km s�1

Mpc�1. We compare our value to Ωgas values taken from 21cm surveys at z = 0 and
DLA surveys at high redshift in Figure 7.1.

Despite the large error bars, the new 21cm result is in close agreement with a
recent survey for DLA absorption in Mg II-selected systems at similar redshifts. We
find that ΩH I(z) is roughly flat from redshifts of about z = 3:5 to the z = 0:63 mean
redshift of our survey, and must decrease to the well-defined value at z = 0 at much
more recent times, or lower redshifts, than previously thought (eg. Wolfe et al. 1995).

7.2 Individual Absorber Properties

Chapter4
Chapter 4 presents high velocity resolution spectra for each of the three H I 21cm

absorbers discovered in the WSRT survey.
The zabs = 0:3942 absorber toward B 0248+430 is a multicomponent absorption

system with a peak optical depth � � 0:2 and a total velocity spread of � 40 km s�1.
The (presumably damped) Ly� line has not been detected for this system at the
current time. Using the narrow 21cm line velocity widths to place upper limits
on the thermal kinematic temperature Tk, we estimate a total column density of
NHI � 3:9� 1021 cm�2.

The zabs = 0:2212 absorber toward B 0738+313 consists of a single narrow 21cm
absorption line, with a peak optical depth of� 10% and a full width at half maximum
velocity width of 5.4 km s�1. Measured from fits to the DLA absorption profile,
NHI = 7:9� 1020 cm�2 (Rao and Turnshek 1998), and we estimate a mean harmonic
spin temperature of < Ts >= 735 K. The velocity width of the 21cm absorption limits
the thermal kinetic temperature of the gas to Tk � 635.
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Figure 7.1: log ΩH I(z) versus
redshift. Vertical bars show 1�
errors, while the horizontal bars
indicate bin size. The open dia-
monds are points from the DLA
results of Storrie-Lombardi, et
al. (2000), while the open tri-
angles show DLA results from
Wolfe et al. (1995). The dot-
ted line open circles are taken
from the Rao & Turnshek (2000)
low redshift DLA survey, based
on Mg II-selected systems with
W�2796

o > 0:6 Å. At z= 0 the open
circle marks Ω21cm measured by
Zwaan et al. (1997), and the
asterisk is Ωstars as measured
by Fukugita, Hogan, & Peebles
(1998). The filled square is our
21cm result from the W�2796

o >

0:6 Å sample, while the filled tri-
angle marks the W�2796

o > 1:0 Å
result.

The zabs = 0:3127 absorber towards B 1127-145 presents a complex, multicompo-
nent absorption profile with a peak optical depth � = 0:11 and a combined velocity
spread of � 60 km s�1. The absorption has a so-called “edge-leading” shape, with
the deepest absorption component on the high frequency edge of the absorption pro-
file. This is more typically found in metal-line absorption. The column density fit to
the DLA absorption is NHI = 5:1� 1021 cm�2 (Rao and Turnshek 2000), and the de-
rived mean harmonic spin temperature < Ts > = 910 K. The velocity widths of the
individual absorption components to do provide a better temperature constraint for
this system.

Chapter 4 concludes with a discussion of the mean harmonic spin temperature
< Ts > in redshifted 21cm/DLA absorbers. There is no evidence for redshift evolu-
tion over a redshift range 0:1 < z < 3:4 in this quantity. The roughly inverse rela-
tionship between 21cm optical depth and < Ts > seen in Galactic H I clouds is pre-
served among these high redshift systems, although they have consistently higher
< Ts > values than Galactic gas at the same optical depths. The presence of large col-
umn densities of warm H I gas, undetected by the cold-gas sensitive 21cm absorption
measurements, and/or optical and radio sight line differences could account for this
offset.
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Figure 7.2: An Arecibo spec-
trum showing the H I 21cm line
at z = 0:0912 towards the QSO
B0738+313. Channel spacing is
0.35 km s�1, allowing this ex-
tremely narrow line system to be
resolved for the first time. The
thin horizontal line marks the
continuum level. A second ab-
sorption feature is clearly sepa-
rated from the main line. The
shallow feature on the high fre-
quency side of the main absorp-
tion is real.

Chapter 5

Chapter 5 contains an in-depth study of the H I gas associated with the DLA
absorber at z = 0:0912 toward B 0738+313. This is the lowest redshift DLA system
for which the Ly� absorption line has been observed. We present VLBA data which
shows that the 21cm absorbing gas covers the QSO core, and sensitive WSRT spectra
which indicate that it does not cover the very weak radio lobes which extend roughly
3000 to the north and south. From this we estimate a covering factor of the gas over
the radio QSO of f � 0:98. We also use the WSRT data to place an upper limit on
the H I mass in this system of MH I � 2:8� 109M

�
, which is slightly less than the

expected mass of an L? galaxy.
Using a very high velocity resolution Arecibo spectrum, shown in Figure 7.2, we

are able to resolve three absorption line components in the 21cm profile. Although
the harmonic mean spin temperature calculated by comparison of the 21cm lines to
the damped Ly� line is < Ts >= 725�100 K, the thermal kinetic temperatures of the
two narrow components, calculated from their widths, are much lower: Tk � 297� 3
and� 103� 10 K respectively. This is the first case of a redshifted absorption system
for which Tk is measured to be significantly less than < Ts >. We interpret this result
in the context of a two-phase gas model, in which the damped Ly� line is sensitive
to a significant neutral column density of warm-phase gas as well as the cold-phase
gas of the narrow 21cm lines. The third component, visible in Figure 7.2 as a shal-
low feature on the high frequency side of the main absorption line component, is
interpreted as representing the warm-phase gas with with Tk � 5050� 950 K. The
combined column density of the three 21cm components is approximately equal to
that derived from fits to the damped Ly� line, NHI = 1:5� 1021 cm�2.
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Chapter 6
Chapter 6 presents near-infrared images of the fields around B 0738+313 and

B 1127-145, and discusses the likely host-galaxies for the three DLA/21cm systems
on these sight lines. The absorbing gas at z = 0:2212 toward B 0738+313 apparently
arises in the outskirts of an 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 that extends to a projected separation of � 10 h�1

65 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. These three systems add
to a growing body of evidence that DLA/21cm absorption does not select a uniform
type of galaxy.

7.3 On-going and Future Work

Imaging and Spectroscopy

The near-infrared images presented in Chapter 6 are a small part of an ongoing effort
to obtain multi-band colours and spectroscopic redshifts for galaxies in the fields
of all QSOs with low- and moderate-redshift DLA/21cm absorbers. The goal is to
positively identify the host galaxy for these systems. It was thought that the low-
redshift absorbers would be easier to image than their high-redshift counterparts,
but in practice the best candidate host-galaxies often lie partially under the PSF of
the QSO in our ground-based images. In order to properly image these galaxies it
will be necessary to use adaptive optic techniques or obtain HST images for these
fields.

A Radio-Selected Survey

Optical surveys for QSO absorption lines, and consequently the targeted radio sur-
veys for 21cm absorption such as the WSRT-survey in this thesis, are prone to a num-
ber of biases, the effects of which are not completely understood. QSO candidates
are selected optically for their point-like appearance in large imaging surveys. This
selection criteria can exclude QSOs which lie behind a low-redshift galaxy at very
small impact parameter, because the galaxy image will create a fuzzy “halo” around
the QSO. These sight lines will then be excluded from the optical QSO absorption
line surveys. Because we expect DLA and 21cm absorbers to arise most frequently
in the inner parts of their host galaxies, the optical surveys could be biased against
these systems at low redshifts. Both the DLA and the metal-line surveys are also lim-
ited to the brightest background QSOs, which selects against dusty gas-rich systems.

These biases can be avoided by a blind search for 21cm absorption towards bright
background radio sources. The completion of the DZB spectrometer at the WSRT,
the recent upgrade to the spectrometer at Arecibo and the planned spectrometer at
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the GBT will make it possible to search large ranges of frequency space with good
resolution in a time effective manner. The low frequency receivers at the GBT enable
an unbroken search from redshift z= 0 to z� 4. A survey can be made for absorption
line gas from z= 0 to the redshift of each background source (if known, or to the low
frequency limits of the receiver if unknown) in a sample defined only by the flux
density of the background source. Recent all-sky radio surveys, such as the NVSS
Sky Survey, provide a background source catalogue which is complete at the flux
density levels for which the absorption experiment will be possible.

Because optical sightlines to quasars are often different from the sightlines to the
more extended radio sources, a complete radio survey will provide a unique view
of the universe, complementary to that obtained in optical surveys. The 21cm ab-
sorption line is weighted by the spin temperature, Ts, of the gas, emphasizing the
coldest and lowest velocity dispersion absorbers. Therefore, a 21cm absorption sur-
vey would also be complementary to 21cm emission surveys at very low redshifts,
and able to detect any extremely low Ts clouds which are hidden from the emission
experiments. Furthermore, a radio survey can detect H I-rich absorbers against opti-
cally dim background sources, thus facilititating the optical identification and study
of their host galaxies.
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