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2
The 21cm Survey: Data

We present the data from a Westerbork Synthesis Radio Telescope survey for
H I 21cm absorption in 62 Mg II-selected absorbers at redshifts 0:2 < z < 1:0.
Three new H I 21cm absorbers and one strong candidate absorber have been
identified.

2.1 Introduction

Damped Ly� (DLA) and H I 21cm absorption lines are the spectral signatures of
systems with high neutral hydrogen column densities. Such systems are the major
contributors to the cosmic mass density of neutral gas at high redshifts (z � 3). The
study of low redshift examples of the quasar absorption line systems responsible for
the DLA/21cm absorption lines is important to help bridge our understanding of
neutral gas-rich systems between those at redshift z = 0 and those at high z. Our
knowledge of the neutral gas in nearby spiral galaxies is mainly based on observa-
tions of the H I 21cm line in emission. At high redshift, however, we observe the
H I 21cm line in absorption, which can only be seen along a limited number of lines
of sight through the intervening absorber, making detailed knowledge of the gas
characteristics difficult to obtain. The low redshift (z < 1) neutral absorbers are still
close enough that both optical and radio data of reasonable quality can be used to
investigate their kinematics, morphologies, and physical gas characteristics. Such in-
formation is necessary to build a framework for a correct interpretation of the higher
z counterparts to these systems.

Searches for redshifted H I 21cm absorption can be time-consuming because ra-
dio spectrometers are typically capable of observing only relatively narrow instan-
taneous bandwidths and only a few of the coldest high neutral column density QSO
absorption line systems have measurable optical depths in the 21cm line. DLA sys-
tems have very high column densities of neutral H I (canonically, NHI � 2� 1020 cm
�2; Wolfe et al. 1986) so they are the best selectors for systems likely to have H I 21cm
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absorption. Unfortunately the Ly� line is not shifted into the optical window until
redshifts z � 1:65, so finding these lines at low redshift requires UV spectra taken
with space telescopes. This, combined with the small cross section for DLA absorp-
tion, means that only a small number of DLA systems have been identified at low
redshift. In turn, only a fraction of these fall in front of radio-bright QSOs. Alter-
native selection criteria which are reasonably effective at finding H I 21cm absorbers
must be used.

All known DLA and H I 21cm absorbers have associated low-ionization metal
lines such as the Mg II ��2796; 2803 doublet, which can be observed easily in ground-
based spectra at redshifts z > 0:1 (Lu and Wolfe 1994). This suggests that Mg II can
be used to optically select low-redshift systems likely to have high column densities
of neutral gas observable as either DLA or H I 21cm absorption. Statistics on the
number of Mg II absorbers and their evolution with redshift have been established
from the Mg II-surveys (Steidel and Sargent 1992). These numbers along with the
fraction of H I absorbers in an Mg II-selected sample can be used to estimate similar
statistics for the 21cm absorbers. A study of Mg II-selected systems using previously
existing UV data yielded about 1 DLA system per 10 Mg II systems observed (Rao
et al. 1995). A similar statistic exists for H I 21cm absorption in a small number of
Mg II-selected systems (Briggs and Wolfe 1983).

In this chapter we discuss a large survey for H I 21cm absorption in Mg II-selected
systems at redshifts 0:2 < z < 1:0. Individual spectra for each system are presented.
In subsequent chapters we will discuss some of the statistical results of the survey
and present the newly identified 21cm absorbers in more detail.

2.2 The Data

2.2.1 Sample Selection

The survey was designed for the Westerbork Synthesis Radio Telescope (WSRT)1

UHF-High receivers which can observe HI 21cm absorption at redshifts 0:2 < z < 1:0
(700 - 1200 MHz). A sample of Mg II ��2796; 2803 doublet absorbers over this red-
shift range was compiled in 1996 from then available catalogues and surveys in the
literature, including Junkkarinen, Hewitt, & Burbidge (1991), Rao (1994), Aldcroft,
Bechtold, & Elvis (1994), Aldcroft, Elvis, and Bechtold (1993), and Steidel & Sar-
gent (1992). Those absorbers on sight lines to QSOs at declinations Æ < �30Æ (where
sources are no longer visible at the WSRT) were removed. The background QSOs
were also required to have a minimum measured or extrapolated flux density at
1400 MHz of S� � 0:5 Jy. Known 21cm absorbers were removed, as were systems
which fell at frequencies with known radio frequency interference (rfi), resulting in
a sample of 62 systems, which we refer to as the WSRT-sample.

1The Westerbork Synthesis Radio Telescope is operated by the Netherlands Foundation for Re-
search in Astronomy (NFRA/ASTRON) with support from the Netherlands Foundation for Scientific
Research(NWO).
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Figure 2.1: A histogram show-
ing the redshift distribution of
the Mg II sample observed in
the survey. The Mg II-selected
21cm absorbers are shaded di-
agonally, while other 21cm ab-
sorbers are marked with hori-
zontal lines. The distribution
of known DLA absorbers over
this redshift range is indicated
by the dashed histogram.

No Mg II equivalent width constraints were placed on the sample, because the
requirement of a strong QSO radio flux density is more limiting. However, although
there are 12 systems for which no measured widths are reported in the literature,
only 3 systems with Mg II rest equivalent widths W�2796

o < 0:3 Å are included. Fig-
ure 2.1 is a histogram showing the redshift distribution of the WSRT-sample. For
comparison, the distribution of H I 21cm absorbers (some found in this study) and
DLA absorbers is also indicated.

2.2.2 Data Acquisition

The WSRT is an array of 14 25-m diameter radio telescopes spread out on a straight
line running nearly east-west. Observations were made between 12/96 and 12/98
using the UHF-high receivers which operate at 700-1200 MHz. After a full 12-hour
observation, the WSRT synthesizes an elliptically shaped beam with an angular res-
olution:

Θmin = 0:8
�

D
(2.1)

Θma j = 0:8
�

D sin(Æ)
(2.2)

for the major and minor axes respectively, where Æ is the declination of the source
being observed and the standard taper has been applied. D � 2:7 km is the length
of the longest baseline at the WSRT. The position angle of the ellipse is actually very
close to zero, so the minor axis is the x-axis and the major axis is the y-axis in a given
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map, while the factor of sin(Æ) determines the elongation. Using these equations we
find that the best spatial resolution attained in our survey should be Θmin � 1500 at
1200 MHz and Θmin � 2600 at 700 MHz.

Most of the data were taken with the DXB correlator (Bos et al. 1981). When the
new DZB correlator (http://www.nfra.nl/ morganti/wsrt/index.html) became par-
tially operational some data were obtained with it as well. Details of the DXB obser-
vations are summarized in Table 2.1 and Table 2.2 summarizes the DZB observa-
tions.

Using the DXB correlator, the instrumental setup gave a maximum of 40 baselines
in each of two linear polarizations (XX and YY), for a combined maximum of 80
baselines. The objects were observed with a 2.5 MHz bandwidth divided into 128
channels. This gives a channel spacing of 19.5 kHz, which corresponds to a velocity
spacing of 4.9 km s�1 at 1200 MHz, and 8.4 km s�1 at 700 MHz. Most of the data
were taken with no online smoothing, and the applied uniform taper gives a spectral
resolution of 1:2 times the channel width. Hanning smoothing was inadvertently
applied on-line at the telescope to a few of the datasets (all noted in Section 2.4.1),
creating a spectral resolution of twice the channel width.

The DZB correlator provides better frequency resolution and also allows more
baselines to be correlated. When complete it will allow all 91 possible telescope
combinations as well as the 14 autocorrelation spectra to be recorded in each po-
larization. During this survey period, it was only able to provide a maximum of 64
baselines in each of the two polarizations (128 baselines total) when the spectrometer
was configured to observe 256 channels over a 2.5 MHz bandwidth. This provides
double the resolution of the DXB data. The increased number of baselines allowed
us to reach the same sensitivity levels (measured in mJy per beam per channel) in
about the same amount of time.

The observations were intended to maximize the spectral signal to noise ratio
while minimizing observing time. For this reason, few but the weakest quasars were
observed for the full 12-hours necessary to fill the U-V plane with an East-West array.
This observing technique was justified by the fact that most of the radio quasars in
this survey are much smaller than the synthesized beam, and can thus be treated
as unresolved point sources. The length of each observation was chosen to give a
theoretical spectral channel noise at the 3� level equivalent to about one percent of
the background radio continuum. In practice the sensitivity limits achieved were
somewhat higher.

The total integration time of the data included in each final spectrum is difficult to
estimate as radio frequency interference (rfi) often made it necessary to edit the data
unevenly between polarizations and baselines. For this reason, the total observation
time listed in column 3 of Tables 2.1 and 2.2 will usually overestimate the amount
of data included in the final spectra. Due to the ongoing upgrades to the WSRT re-
ceivers there were seldom, if ever, 14 telescopes operating for a given observation.
Because the number of baselines left in each polarization after editing and remov-
ing non-operational antennae might be different, we list the combined number of
baselines for both polarizations in column 5 of these tables.
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Table 2.1: DXB Observation Log

Object Date Int. Obs. Freq. # of
(DD/MM/YY) (hrs) (MHz) Ifrs

0051+291 27/12/97 6 769.174 54
0109+176 30/12/97 7 771.634 66
0109+200 28/12/97 12 925.499 66
0119�046 29/12/97 6 825.785 66
0119�046 26/12/97 6 856.771 62

10/1/98 5.5 856.769 66
17/1/98 5 856.769 65

0141+339 23/3/97 2 1001.856 49
0229+131 14/1/97 2 1001.811 71

22/3/97 2 1001.846 49
0229+341 17/1/97 1 799.976 28
0248+430 4/1/98 6 978.510 48
0248+430 14/3/97 2 1018.789 40

18/1/97 2.5 1018.786 44
0454�234 18/1/98 5 810.690 54
0454�234 3/1/98 6 871.434 62
0454�234 2/1/98 4 884.458 66
0454+039 23/12/96 2 763.798 56

27/12/96 5.5 763.795 42
0710+118 15/1/97 1 970.873 72
0738+313 27/4/97 1.5 1162.918 48
0805+046 14/12/97 11 834.162 42

18/12/97 4 834.158 66
0827+243 11/12/97 6 932.090 64
0843+136 31/12/97 4.5 884.812 66
0855�196 22/4/97 2 862.722 52
0941+261 15/12/97 6 765.945 50

3/1/98 6 765.928 50
0941+261 18/03/97 4.5 829.967 28
0952+179 28/1/97 2 1147.651 40
0957+003 16/4/97 4 849.458 48
1011+250 12/3/97 9 1128.692 64
1019+309 20/1/97 12 1055.244 48
1049+616 7/3/97 12 1019.418 64
1049+616 23/3/97 12 1159.363 49
1127�145 16/3/97 1 1081.810 49
1137+660 14/3/97 .75 868.188 49
1148+387 17/1/98 7 1171.053 50
1206+439 16/3/97 1.25 1005.650 56
1218+339 16/3/97 1.5 815.241 56
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DXB Observation Log (cont’d)
Object Date Int. Obs. Freq. # of

(DD/MM/YY) (hrs) (MHz) Ifrs
1243�072 19/1/98 6.5 989.236 52
1308+326 28/1/97 2 755.986 36
1327�206 4/1/97 8 766.700 64
1327�214 18/3/97 1 1091.836 34
1331+170 13/3/97 12 814.201 64
1354+258 27/3/97 11.5 753.301 48
1354+258 4/1/98 3 764.338 50
1437+623 3/4/97 1.25 758.630 56
1510�089 2/4/97 1 1051.436 48
1540+180 29/12/97 6 821.3792 66
1540+180 16/1/98 6 821.3907 64
1556�245 2/1/98 4 801.951 64

3/1/98 4 801.952 66
1622+239 19/3/97 2 790.349 49
1622+239 20/3/97 2 855.616 42
1622+239 19/3/97 1 857.787 42
1622+239 20/3/97 1.5 1038.751 42
1622+239 19/3/97 1 1077.683 42
1629+120 18/3/97 1.5 747.482 32
1629+120 11/3/97 2 927.656 49
1704+608 1/1/98 2 1162.4720 57
1756+237 21/12/97 6 1035.810 58
1821+107 24/12/97 5.5 904.596 62

25/12/97 6 904.597 58
1857+566 10/3/97 12 828.187 63
1901+319 2/4/97 1 1021.860 48
2128�123 1/1/98 2 993.296 66
2145+067 3/1/98 2 793.200 48
2212�299 12/03/97 3 869.904 54
2249+185 29/3/97 1 797.105 58

Channel spacing is 19.5 kHz
Columns are: IAU (B1950) Designation, Date of observation,

length of integration, observed (not heliocentric)
frequency at the center of the band, and the
combined number of baselines for both pols.
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Table 2.2: DZB Observation Log

Object Date Int. Sky Freq. # of
DD/MM/YY (hrs) (MHz) Ifrs

0051+291 24/10/98 8 769.237 128
0109+200 15/2/98 1 925.505 101

15/2/98 5 925.505 101
0119�046 20/2/98 4 825.759 92
0248+430 28/2/98 6 978.487 92
0454�234 23/2/98 6 884.370 100
0735+178 14/2/98 1 996.998 110
0805+046 21/2/98 1 724.263 106
0827+243 13/3/98 11 931.961 72
1040+123 20/2/98 1.25 856.140 61
1137+660a 20/11/99 7 867.746 126
1229�021 23/2/98 1.5 808.422 110
1243�072 25/5/98 3 989.061 110
1354+195 19/2/98 3 975.423 110
1704+608 11/2/98 2 1162.468 110
1901+319 9/10/99 7.5 1021.275 117
2128�123 23/2/98 2 993.377 92

Two values for the 1� noise limit indicate a resolved source
Channel spacing is 9.765 kHz
aChannel spacing is 19.5 kHz
Columns are: IAU (B1950) Designation, Date of observation,

length of integration, observed (not heliocentric)
frequency at the center of the band, and the
combined number of baselines for both pols.

2.2.3 Data Reduction

Radio frequency interference (rfi) is very common in the UHF-high band. In addi-
tion to communications bands and cell phone signals, mixing products from lower
frequency television signals are a significant contributor to this problem. The rfi-
environment at the telescope became worse during the second year of observations
when a number of new regional television antennae started to broadcast. Most of the
interference is time variable, occurring either near HA� 0, or when the telescopes are
pointing towards a source near the horizon. The interference is usually stronger in
one polarization and appears most strongly in the data from short baselines.

After editing the rfi-contaminated data, all objects were flux and passband cal-
ibrated using observations of one of the standard calibrator sources 3C48, 3C147,
3C286, or 3C295. Because almost no models of these sources exist over the frequency
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range of the UHF-high band, flux densities were calculated using the VLA 1995.2 co-
efficients which are tied to flux density of 3C295 as determined by Baars et al. (1977).
The calibrations were performed using either the standard CALIB and BPASS rou-
tines in AIPS, or using the routine NCALIB in the data reduction package NEWSTAR
which has been developed for use with WSRT data. Corrections for the telescope
temperature, Tsys, were applied to the DXB observations but were unavailable for
the DZB datasets. After initial calibration, any further data reduction and the spec-
trum extraction were performed in AIPS.

Due to the lack of U-V coverage, the spatial information in these data sets is
often very poor. Many of the spectra were created by using the task POSSM to ex-
tract a vector-averaged point source spectrum from the calibrated data. For those
data which showed evidence of poor calibration, were observed with the QSO not
at phase center, or were partially resolved by the observations, further processing
was necessary. An iterative process of clean mapping (using IMAGR), and phase
self-calibration to the resulting clean components (CALIB) was applied, ending with
an amplitude self-calibration. At this point, spectra for the unresolved sources in un-
crowded fields were extracted using POSSM. The continuum emission from resolved
sources and sources in crowded fields was subtracted using UVSUB and UVLIN.
Map cubes were then synthesized, and spectra were extracted using ISPEC at the
location(s) of the continuum.

Multiple observations of the same source were combined using DBCON in AIPS
when possible, allowing one composite spectrum to be extracted from the data. In
a few cases, previously extracted spectra were combined outside of AIPS, using the
number of visibilities for weights. DXB and DZB spectra of the same object were
never combined due to the difference in velocity resolution. During the early months
of commissioning the DZB correlator, DXB backups were made for all observations,
so only five of the objects observed with the DZB lack a DXB spectrum.

2.3 Noise Properties

The noise in an interferometric radio observation can be expressed as:

∆S(Jy)=
1

Const
Tsysp

Ni f rsNpol∆�(Hz)∆t(s)
(2.3)

where the Const � 0:1 K Jy�1 depends on spectrometer and telescope parameters
for the WSRT, Tsys = 120� 180 K is the system temperature, Ni f rs is the number of
baselines or interferometric pairs, Npol is the number of polarizations, ∆� is the band-
or channel width in Hz, and ∆t is the integration time in seconds. In order to assess
how close to this theoretical noise value our data came, and also to characterize the
noise across the entire UHF-band, we use Eq. 2.3 to normalize the noise in our
spectra to a standard configuration with 91 baselines, 2 polarizations, channel widths
of 19.5 kHz, and an integration time of 12 hours. We assume that the integration
time is equal to the observation length, and take this value and the actual number
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Figure 2.2: The points in this
plot show the measured spectral
channel noise, ∆S, normalized
to 91 baselines, 2 polarizations,
19.5 kHz channel width and 12
hours of integration, from our
survey spectra. Open symbols
are from data taken during the
first year of observations while
filled symbols are from the sec-
ond year. The shaded band indi-
cates the theoretical noise values
for 120 < Tsys < 180 K, which are
the measured system tempera-
ture limits across the band. The
average value of the measured
noise is 5.0 mJy/beam.

of baselines from Tables 2.1 and 2.2. The observed noise was measured as the RMS
noise per channel of each spectrum. Small, 3� 4� noise spikes were included in the
measurement of the observed RMS noise values. For spectra with large rfi features,
the RMS noise was measured from the clean part of the spectrum.

The normalized observed noise is plotted against observation frequency in Figure
2.2. The shaded horizontal band shows the theoretical noise limits across the band
calculated with Eq. 2.3. The average value of the normalized noise across the band
is 5 mJy/beam. The increase in noise near the band edges, caused by higher system
temperatures on both ends, and increased rfi near 700 MHz, is clearly visible. At
frequencies above 900 MHz, most of the datasets are close to the expected theoretical
noise level. For many of the systems, the assumption that the total length of the
observation is equal to the integration time is not very valid due to extensive editing
of time-dependent rfi. This would cause us to overestimate the normalized noise,
and accounts for many of the systems which fall above the theoretical noise in Figure
2.2. The few systems which fall slightly below the theoretical noise appear to be the
result of calibration errors.

2.4 The Data

In Figure 2.3 we show the distribution of limiting optical depths, �3�, for the com-
plete WSRT-sample. Data obtained with the DXB and the DZB are indicated sepa-
rately. Very few of the WSRT spectra actually reached our survey target of �3� � 0:01.
In fact, the average optical depth reached for both the DXB and the DZB data is
�3� = 0:048. There are two apparent reasons for this low sensitivity. First, when we
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Figure 2.3: Histogram show-
ing the measured values of �3�

for the WSRT-sample. For ex-
tended sources, only informa-
tion from the sight line to the
brightest part of the contin-
uum was included. The DXB
data histogram is hatched diag-
onally from upper left to lower
right, and the DZB data is
hatched from lower left to up-
per right. The mean values are
�3� = 0:053;0:036; & 0:048 for
the DXB, DZB, and combined
datasets respectively.

designed the survey we assumed a fully operational telescope array with 14 tele-
scopes and the maximum number of baselines. Due to the ongoing upgrade, there
were typically � 11 operational telescopes during the observations. In addition,
these were not always operating with both polarizations, further reducing the num-
ber of functional baselines. Second, the prevalence of time-dependent rfi meant that
we often lost substantial portions of the data after the observations were finished.
More careful scheduling to maximize the time spent observing at hour angles when
the rfi was absent could have alleviated this problem, however the rfi-environment
was poorly known at the time the data were taken.

The final survey spectra are shown in Figures 2.4 and 2.5. For systems which
have been observed with the DXB and the DZB correlators, both spectra are shown.
The horizontal lines on the spectra indicate the mean flux density. For those objects
where it was necessary to do a continuum subtraction this is roughly zero. Non-zero
mean flux densities indicate spectra extracted directly from the UV dataset using
POSSM. Sources are labeled with their B1950 IAU designations. When an A,B, or
C appears after the IAU name of the object it indicates a multi-lobe source which is
resolved by the observations. In general the spectra presented here are centered at
the redshift of a given Mg II absorber. Most of the significant spikes in these spectra
are the result of rfi.

The spectra in Figures 2.4 and 2.5 are presented at the highest spectral resolution
available. When searching for significant features, we studied spectra which were
Hanning smoothed to half of the full resolution in addition to the full resolution
spectra. All features at greater than 3� significance were investigated in more detail.

Each candidate absorption feature was tested using the following criteria. It must
appear in both polarizations. There must be no indication of a problem with the cal-
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ibrator source in either amplitude or phase at the channel(s) in question. When the
observation is divided into several shorter time segments, the feature must appear in
all of them. Finally the source observation must not have any rfi, time-dependent or
otherwise, affecting the candidate absorption channel(s). Several candidate absorp-
tion features pass all of these tests, but are non-existent in subsequently obtained
confirmation spectra, and these are assumed to be noise or rfi features as well.

Using these criteria, we identify three new H I 21cm absorbers in the WSRT-
survey. These are the z = 0:212 absorber toward B 0738+313, the z = 0:313 absorber
toward B 1127-145, and the z = 0:394 absorber toward B 0248+430. More detailed
observations of these systems will be presented in Chapter 4. In addition we iden-
tify a strong candidate absorber at z = 0:436 in B 1243-072, but we have been unable
to obtain a suitable confirming spectrum. The original survey spectra for all four of
these systems are included in Figures 2.4 and 2.5.

2.4.1 Notes on Selected Individual Sight Lines

In this section, we discuss selected spectra in more detail. In particular we address
significant noise and rfi features and other complications. The new H I 21cm ab-
sorbers are not mentioned here as they will be discussed in detail in Chapter 4.

B 0051+291, 769.242 MHz

The Mg II-absorber in this system lies at a redshift of zabs = 0:8465 (Foltz et al. 1986,
Burbidge et al. 1977). The feature near 769.5 MHz in the DXB spectrum is only one
channel wide and slightly less than 3� in significance. It does not appear in the more
sensitive DZB spectrum.

B 0109+200, 925.587

This sight line has an Mg II-absorber at a redshift of z = 0:5346 (Bergeron and Boissé
1984). The DZB spectrum contains a deep narrow rfi spike at 925.9 MHz which is
completely absent in the DXB spectrum.

B 0454-234, 810.734 MHz

One of the Mg II-absorbers on this sight line lies at z = 0:752 (Stickel et al. 1989). Its
DXB spectrum has been Hanning smoothed online at the telescope but not resam-
pled.

B 0454-234, 871.415 MHz

The DXB spectrum for this z = 0:630 Mg II-absorber (Stickel et al. 1989) has a one-
channel 3:5� spike at about 871.48 MHz. This is a very weak candidate 21cm ab-
sorption line.
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B 0710+118, 970.886 MHz

This double-lobed radio quasar has an Mg II-absorption system at z = 0:463 on the
optical sight line (Aldcroft et al. 1994). The two radio lobes have continuum flux
densities of SA = 1:83 Jy and SB = 1:25 Jy.

B 0735+178, 997.056 MHz

We obtained a DZB spectrum for this z = 0:424 Mg II-absorber (Boksenberg et al.
1979). B 0735+178 is a highly variable BL-Lacertae Object, with no known emission
redshift, and just the one absorption system which is assumed to be intervening.
Previous attempts to find an associated H I 21cm absorber at about the same sensi-
tivity limits were reported by Galt (1977). Slightly more sensitive constraints have
been reported by Wolfe in private communication with the authors of Boksenberg,
Carswell & Sargent (1979), but remain unpublished.

B 0805+046, 724.771 MHz

Although the DZB spectrum of this z = 0:9598 Mg II-absorber (Chen et al. 1981,
Sargent et al. 1989) is dominated by three strong rfi features at 723.8, 724.75, and
725.0 MHz, these have little effect on the intervening spectrum, so we have included
it in our sample. The spectrum presented here has been Hanning smoothed, and the
channels affected by rfi have been blanked out for display purposes.

B 0843+136, 881.767 MHz

There is an Mg II-absorption doublet at z = 0:6054 on the optical sight line towards
this extended radio source (Foltz et al. 1986). The continuum flux densities for the
two resolved components are SA = 0:59 Jy, and SB = 0:11 Jy respectively.

B 0957+003, 819.525 MHz

There is an Mg II-absorber at z = 0:6720 on the optical sight line towards this ex-
tended radio-QSO (Bergeron and Boissé 1984). The � 4� feature at 849.55 MHz in
the spectrum of both lobes is rfi and appears in one polarization only. The two radio
lobes have continuum flux densities SA = 0:70 Jy and SB = 0:55 Jy.

B 1137+660, 868.219 MHz

This double-lobed quasar has an Mg II-absorber at z = 0:636 (Aldcroft et al. 1994).
The DXB A-lobe spectrum shows what might be a broad absorption feature near
867.7 MHz. The more sensitive DZB spectrum gives no indication that this is real.
This is the only system observed by the DZB at the lower channel spacing of 19.5
kHz. For the DZB spectrum, SA = 3:49 Jy and SB = 0:79 Jy.
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B 1148+387, 1170.986 MHz

The Mg II-absorber lies at z = 0:2130 (Boissé et al. 1992) on this sight line. The DXB
spectrum has been Hanning smoothed on-line at the telescope. The feature near
1171.25 MHz is due to rfi.

B 1243-072, 989.140 MHz

The DXB spectrum of the z = 0:436 Mg II-absorber (Wright et al. 1979) has been
smoothed online at the telescope. There is a 3.5� feature near frequency 988.65 MHz
and a somewhat weaker one near 989.5 MHz. Careful inspection shows no evidence
for rfi in the data. The higher resolution DZB spectrum, which was obtained several
months after the DXB spectrum, also shows the feature near 988.65 although the
weaker feature does not appear. We consider this a candidate H I 21cm absorber.

B 1327-206, 766.544 MHz

Strong interference at 767.2 MHz dominates this unsmoothed H I spectrum. The
Mg II-absorber lies at a redshift of z = 0:853 (Kunth and Bergeron 1984, Bergeron et
al. 1986).

B 1331+170, 814.313 MHz

The sight line towards B 1331+170 which contains two Mg II-absorbers, one at z =
0:7443 and the second at z= 0:7454 (Sargent et al. 1988). The corresponding H I 21cm
frequencies for both systems are covered by one spectrum. The separation in veloc-
ity for these two systems is ∆v � 350 km s�1. Traditionally, metal-line absorption
systems this close in redshift are assumed to be components of one larger system,
and they are not included in computed statistics. This sight line has been dropped
from our statistical analysis in Chapter 3.

B 1354+258, 764.275 MHz

The sight line towards B 1354+258 has two Mg II-absorbers at redshifts z = 0:8585 &
0:8856 (Barthel et al. 1990). The spectrum of the lower redshift system has an isolated
rfi feature near 764.7 MHz, which was present in the calibrators as well as in the
object. The two affected channels have been blanked in Figure 2.4.

B 1437+623, 758.642 MHz

This spectrum shows the most severe rfi of any in our survey. The rfi saturates the
spectrum for a few channels near 759.3 MHz, and those channels have been blanked.
No smoothing has been applied to the remaining channels. The Mg II-absorber lies
at a redshift z = 0:8723 (Aldcroft et al. 1994).
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B 1556-245, 801.900 MHz

The Mg II absorption redshift is z = 0:7713 (Barthel et al. 1990). The 4� feature at
801.05 MHz in the DXB spectrum is the result of weak rfi.

B 1622+239, 1077.798, 1039.068, 857.733, and 790.300 Mhz

The sight line towards B 1622+239, also called 3C336, contains multiple metal-line
absorption systems. It has been studied extensively by Steidel et al. (1997). We have
obtained H I 21cm spectra for four of the Mg II-absorbers at redshifts z= 0:318, 0:367,
0:656, & 0:797. Although the quasar itself is a very strong radio source with two
large extended lobes, we observed each frequency for barely an hour near zenith. As
a result the lobes were never resolved by the WSRT, and we have only one spectrum
at each frequency.

B 1629+120, 747.425 MHz

This sight line contains two Mg II-absorbers at redshifts z= 0:5313 & 0:9004 (Aldcroft
et al. 1994, Barthel et al. 1990). The feature at 747.6 MHz in the 21cm spectrum of the
low redshift object is caused by interference which affected the passband calibrator
as well as the object.

B 1704+608, 1162.457 MHz

The Mg II-absorber towards B 1704+608 lies at a redshift of z = 0:2219 (Boissé et al.
1992) , making it one of the lowest redshift systems in this survey. The quasar itself
is also very low redshift (zem = 0:371), and is highly extended in the radio regime. In
Figure 2.4 we show DXB spectra extracted at the position of three peaks in the radio
emission. There is a clear rfi feature near 1162.9 MHz in all three. The continuum
flux densities of the resolved components are SA = 2:5 Jy, and SB � SC � 0:66 Jy. In
Figure 2.5 we show an independent observation made with the DZB correlator. The
rfi at 1162.9 MHz is visible in this spectrum as well. This much shorter observation
did not have sufficient UV coverage to resolve the individual components.

2.5 Conclusions

We have used the ready availability of Mg II absorber redshifts and statistics to con-
struct a database of 62 systems. These were searched for H I 21cm absorption using
the WSRT. Most of the observations were taken with the older DXB correlator. Al-
though there are significant sources of rfi throughout the UHF-high band, narrow-
band observations and careful flagging make it possible to obtain useful observa-
tions at these frequencies. This survey will provide the basis for further study of the
characteristics and redshift evolution of H I 21cm absorbing galaxies.
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Figure 2.4: Spectra taken using the WSRT with the DXB correlator. A rough estimate
of the mean continuum level is indicated with the horizontal line. B1950 IAU desig-
nations for the quasars are indicated above each plot, and the addition of A,B, or C
indicates separate sight lines to a resolved source.
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Figure 2.4: (cont’d)
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Figure 2.4: (cont’d)
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Figure 2.4: (cont’d)



38 Chapter 2. The 21cm Survey: Data

Figure 2.4: (cont’d)
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Figure 2.4: (cont’d)
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Figure 2.4: (cont’d)
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Figure 2.4: (cont’d)
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Figure 2.5: Spectra taken using the WSRT and the DZB Correlator. A rough estimate
of the mean continuum level is indicated with the horizontal line. B1950 IAU desig-
nations for the quasars are indicated above each plot, and the addition of A,B, or C
indicates separate sight lines to a resolved source.
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Figure 2.5: (cont’d)
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Figure 2.5: (cont’d)


