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4
The new H I 21cm Absorbers

We present new H I 21cm spectra and summarize existing information for the
three new absorbers found in our recent WSRT survey. The three systems are
z= 0:2212 toward B 0738+313, z= 0:313 toward B 1127-145, and z= 0:3941 to-
ward B 0248+430. We discuss the velocity and temperature information which
can be derived from their 21cm absorption profiles. We conclude with a gen-
eral discussion of temperature in redshifted DLA/21cm absorbers.

4.1 Introduction

Among the rarest of the QSO absorption lines, H I 21cm absorption features provide
unique information about physical conditions in the systems in which they arise.
The non-point-source nature of most radio QSOs on terrestrial baselines allows the
spatial distribution of the various absorbing components to be mapped giving a di-
rect look at the geometry of the gas in the host system. The opacity of the 21cm
line is sensitive to the excitation or spin temperature, Ts, of the gas. This tempera-
ture is coupled to the kinetic temperature, Tk, of the gas under usual conditions in
the interstellar medium (ISM) of the Milky Way (Dickey and Lockman 1990), so an
H I 21cm absorption feature can be used to estimate the temperature of the absorb-
ing gas. Finally the 21cm absorption features, because they are resolved in velocity
space, provide kinematical information on the H I in the intervening absorber. In
the optical, the Ly� lines for 21cm absorbers are heavily saturated and provide no
details on the gas kinematics. Optical and UV observations of metal lines do provide
kinematical information on the low ionization gas that is associated with the H I.

A harmonic mean spin temperature, < Ts >, of all of the H I clouds on a given
sight line can be determined by a comparison of H I 21cm absorption and an inferred
21cm emission profile for the same sight line (eg. Dickey and Lockman, 1990), or by
comparison of the 21cm absorption line parameters to a column density from the
damped Ly� (DLA) absorption feature on the same sight line. However the values
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of < Ts > derived in the second manner for sight lines through redshifted DLA/H I
21cm absorbers are consistently higher than those found in clouds of similar optical
depth in the Galaxy using the first method (eg. Carilli et al. 1996).

An upper limit to the thermal kinetic temperature, Tk in the 21cm absorbing
gas can be estimated directly from the line-widths of the absorption profiles. How-
ever, only the most narrow velocity lines provide interesting constraints on the gas
temperature.

In this chapter we present high velocity resolution radio spectra for three new
low-redshift H I 21cm absorbers identified in the WSRT-survey described in Chapter
2. Two of these, B 0738+313 at zabs = 0:2212 and B 1127-145 at z abs = 0:3127 have been
identified as DLA absorbers as well (Rao and Turnshek 2000), allowing us to derive
< Ts > values in addition to kinematical information from the data. The third object
B 0248+430 at zabs= 0:394 does not have a measured DLA absorption line, but we are
able to put upper limits on Tk for the 21cm absorption components based on their
velocity widths, and thus estimate a total NHI.

4.2 Deriving the Temperature

The equation relating neutral hydrogen column density, NHI, to the observed H I
21cm absorption profile is:

NHI = 1:8� 1018Ts

Z
� (v) dv cm�2 (4.1)

where Ts is the spin temperature of the absorbing gas. � (v) is the optical depth of the
line at velocity v, calculated as:

� (v)= � ln
�

1�
∆S(v)

f S

�
(4.2)

where f is the fraction of the continuum source covered by the absorber, S is the
continuum flux density, and ∆S(v) is the line depth at velocity v. For a single line
with a Gaussian profile, the integral of the optical depth over velocity is

Z
� (v) dv= 1:06 �21cm ∆v (4.3)

where �21cm is the peak optical depth of the line at the line center and ∆v is the full
width at half maximum velocity in km s�1. This quantity, which is proportional
to the column density divided by the spin temperature, is usually labeled EW21 al-
though it is only equal to a true equivalent width as measured for optical absorption
features in the limit � (v) << 1 over the entire absorption profile.

If we assume that the same gas is responsible for the 21cm absorption and the
DLA absorption, the value for NHI measured from the DLA absorption combined
with the EW21 can be used in Equation 4.1 to derive the spin temperature of the gas.
When calculated in this way, individual cloud information is lost and the derived
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Figure 4.1: A WSRT/DZB high
resolution spectrum of the z =
0:3941 H I 21cm absorber to-
ward B 0248+430 at a channel
spacing of 2.44 kHz, or a ve-
locity resolution of 0.81 km s�1.
The lower panel shows the opti-
cal depth of the lines, which are
all roughly 15 to 18%.

temperature, denoted < Ts >, is a column density weighted harmonic mean spin
temperature of all the gas along the line of sight.

In some circumstances, thermal broadening of an absorption feature provides an
independent constraint on the thermal kinetic temperature, Tk, of the gas:

Tk �
1:2119� 102∆v2

8 ln 2
K (4.4)

where ∆v is the FWHM velocity measured in km s�1. Because bulk kinematical mo-
tions and turbulence in the absorbing H I gas will also broaden the absorption line,
this is a less stringent constraint than the derived value of < Ts > for many H I ab-
sorbers.

4.3 B 0248+430, zabs = 0:3941

B 0248+430 is a core dominated quasar at an emission redshift zem = 1:31. The metal
line system at zabs = 0:394 was originally identified in a spectrum taken to study ab-
sorption associated with a pair of merging galaxies at z = 0:05 (Womble et al. 1990).
This initial detection of Mg II and Mg I was confirmed, and a detection of Fe II and
Ca II absorption was reported by Sargent and Steidel (1990), who also suggested that
a concentration of faint galaxies around the QSO could be a cluster at the absorp-
tion redshift. There is no detection of the damped Ly� line for this system. Al-
though it was included in the survey of Rao and Turnshek (2000), the UV spectrum
of B 0248+430 had an extremely low S/N ratio at the expected wavelength of the
DLA absorption line due to the sharp FOS-G160L filter cutoff, and it was not possi-



66 Chapter 4. The Absorbers

ble to detect the line. For this reason, there is no reliable measure of the total neutral
column density in this system.

Table 4.1: The Four Component Fit to the B 0248+430 21cm line Profile

Component ∆ Vo f f set �21 FWHM ∆v EW21 Tk
(km s�1) (km s�1) (km s�1) (K)

4 �6:2� 0:6 0:07� 0:03 1:9� 0:4 0:14� 0:07 79
1 0 0:20� 0:03 4:3� 0:4 0:92� 0:16 405
2 17:8� 0:6 0:16� 0:03 6:2� 0:4 1:05� 0:21 840
3 31:0� 0:6 0:12� 0:03 6:9� 0:4 0:88� 0:23 1040

A 21cm spectrum was obtained on 19 September 1999 using the WSRT and the
DZB correlator. The total integration time was just under 4 hours. A bandwidth of
0.625 MHz centered at 1018.94 MHz is divided into 256 channels to provide a channel
width of 2.44 kHz. No on-line smoothing was applied giving a velocity resolution
of 0.86 km s�1. After editing to remove the shortest baselines, the twelve antennas
provided 48 baselines in each of two linear (XX and YY) polarizations. Observations
of 3C48 were used to calibrate the flux density scale and the passband using standard
routines in AIPS. The data were self-calibrated to continuum maps. After removing
the continuum emission with UVSUB and UVLIN, a map cube was made and the
spectrum was extracted at the position of the QSO using ISPEC. We have offset the
y-axis to the measured continuum flux density of the QSO in the spectrum presented
in Figure 4.1.

The H I 21cm absorption feature is composed of a complex of lines, roughly clus-
tered in three groups, which combined cover � 40 km s�1. The 3� RMS noise in the
spectrum is quite high, equivalent to an optical depth of �3� = 0:09. The best simul-
taneous 4-Gaussian fit to the data is shown in Figure 4.2. The fitted line parameters
are listed in Table 4.1. We have placed the system velocity, ∆V = 0, at a frequency of
1018.94 MHz, corresponding to both the center of the deepest absorption component
and the metal-line redshift of zabs = 0:394. Conservative errors for � are estimated
from the RMS of the residuals. The errors on ∆v are assumed to be one-half of a
resolution element.

The 21cm line integral, EW21 = 2:99� 0:36 km s�1, leads to an estimated column
density of NHI = 5:4� 0:6� 1018

� Ts atoms cm�2 K�1. Even if the spin temperature
of each component is as low as Ts � 100 K, this system would have a combined
NHI � 5� 1020 cm�2, well above the canonical lower limit in DLA systems. Using
Eq. 4.4, we calculate upper limits to Tk for each component. These are listed in
column 6 of Table 4.1. Setting Ts � Tk, we find a column density NHI � 3:9� 1021

cm�2 is contained in the detected profile. This estimate could be missing a significant
column density of warm-phase H I which would create a broad shallow absorption
component not detected at the sensitivity levels of this spectrum (Lane et al. 2000).
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Figure 4.2: The 4 component
fit to the WSRT/DZB spectrum
of B 0248+430 is shown. In the
upper panel, the points are the
data connected by the dotted
line, and the heavy solid line is
the combined fit. In the bottom
panel, the residuals are shown.

4.4 B 0738+313, zabs = 0:2212

OI 363 (0738+313) is a core dominated quasar at zem = 0:630. Observations at 1640
MHz (Murphy et al. 1993) show that the faint lobes extending � 3000 from the core
emit only 3% of the total L-Band flux of the quasar, and deep observations with
the WSRT confirm this at 1300 MHz (Lane et al. 2000). At 408 MHz, monitoring the
quasar over a 9 year period reveals a 7% variability, corresponding to � 110 mJy
about an average continuum strength of 1.59 Jy (Bondi et al. 1996a).

The zabs = 0:22 metal line absorption system was originally reported by Boulade,
et al. (1987) at a redshift of z = 0:2213, and subsequently by Boissé, et al. (1992) at a
redshift of z= 0:2216� 0:0003. The only identified lines in the spectrum are the Mg II
��2796; 2803 doublet and a possible Mg I line. There is an additional DLA/21cm
absorber on this sight line at z = 0:0912 which we will discuss in Chapter 5. There is
no evidence for gravitational lensing on this sight line (Rao and Turnshek 1998). Gas
from the z = 0:22 system is thought to lie in the outskirts of an elliptically shaped
galaxy at a separation of about 20 h�1

65 kpc from the QSO sight line (Chapter 6, this
thesis).

We used the WSRT to make a 12-hour integration for this source on 27 December
1997. A 1.25 MHz bandwidth centered at a Heliocentric frequency of 1163.15 MHz
and divided into 256 channels gave a channel width of 4.88 kHz, corresponding to
an unsmoothed resolution of 1.51 km s�1. Thirteen antennae and the DXB correla-
tor provided 36 baselines in each of two polarizations (XX and YY). Observations of
the calibrator source 3C147 were used for flux and passband calibration. The data
were reduced using standard routines in the NEWSTAR data reduction package de-
veloped for use with WSRT data. The final spectrum is shown in Figure 4.3. The
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Figure 4.3: A WSRT/DXB
spectrum of the z= 0:2212 21cm
absorber toward B 0738+313.
The channel spacing is 4.9 kHz,
corresponding to a velocity reso-
lution of 1.52 km s�1. The lower
panel shows the optical depth of
the line, which is � � 0:10.

small spikes near 1162.9 MHz and 1163.35 MHz are both caused by radio frequency
interference (rfi) which appears in both the calibrator and the object datasets. The 3�
noise in the spectrum corresponds to an optical depth of �3� = 0:034.

The single H I 21cm absorption line can be well-fit by a Gaussian with an optical
depth of �c = :104� 0:008, and a full width at half maximum (FWHM) velocity of
∆v = 5:4� 0:5 km s�1. It has a slight asymmetry on the low frequency side. This
may be due to a blend with a second weak line, but it is also consistent with random
noise in the spectrum. Using the line width and depth, and assuming that the gas
only covers the quasar core, and not the weak extended lobes (i.e. the covering factor
f � 0:98), we can derive a < Ts > value by comparison with the value for neutral
column density, NHI = 7:9� 1:4� 1020 cm�2, from the DLA line. The resulting value,
< Ts > = 735� 155 K, is typical of z > 0 systems. If we convert the 21cm line width
directly into a thermal kinetic temperature using Eq. 4.4, we find Tk = 635� 120 K.
Because the profile may also be broadened by bulk motions, the line width indicates
an upper limit to the spin temperature, Ts < Tk, for the gas detected in the 21cm
absorption feature.

4.5 B 1127�145, zabs = 0:3127

PKS B 1127-145 is a compact, gigahertz peaked radio source at z em = 1:187. VLBI
observations at 1670 MHz show a slightly elongated core-jet structure with an ex-
tent of approximately 20 mas, which exhibits structural variations between observa-
tions taken 7 years apart (Bondi et al. 1996b). A 15 year monitoring program at 408
MHz finds a flux variability of 30% or roughly 1.7 Jy around an average continuum
strength of 5.5 Jy (Bondi et al. 1996a). Observations at 1080 MHz (the frequency of
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Figure 4.4: A WSRT/DZB
spectrum showing the complex
21cm absorption at z = 0:3127
toward the quasar B 1127�145.
The channel spacing is 4.9 kHz,
giving a velocity resolution of
1.6 km s�1. The absorption com-
plex covers roughly 60 km s�1 in
total. The lower panel shows the
optical depth across the profile.

the 21cm absorption) have found a continuum strength which varies between 5 and
6 Jy, but can reach extremes of 4 to 8 Jy (Kanekar and Chengalur 2000a). Bergeron
and Boissé (1991) originally identified the metal-line system based on Mg II, Fe II
and Mg I absorption in the QSO spectrum. The average redshift of the metal lines is
z = 0:3127� 0:0002.

A 6 hour observation of the 21cm line in this system was obtained on 25 October
1998 with the WSRT and the new DZB correlator, which was in its commissioning
phase. The 1.25 MHz bandwidth was centered at 1082.11 MHz and divided into
256 channels to provide channel widths of 4.88 kHz. No on-line smoothing was
applied. The final spectral resolution is 1.6 km s�1. Because the DZB correlator was
not fully implemented, we were unable to observe the complete set of 91 baselines
+ 14 autocorrelations in two polarizations that this system can provide. A subset
of 64 baselines in each of the two linear polarizations (XX,YY) were recorded. Data
calibration and reduction was performed in AIPS. The calibrator sources 3C147 and
3C286 were used to calibrate the flux density and passband. The data were self-
calibrated to a continuum image of the field. The continuum emission was then
subtracted using UVSUB and UVLIN, and ISPEC was used to extract the spectrum
from a map cube.

The spectrum is displayed in Figure 4.4, and we have scaled the y-axis to show
the measured continuum of the unresolved QSO. The 3� RMS noise in the spectrum
corresponds to an optical depth of �3� = 0:0096. The H I 21cm absorption profile is
very complex and extends over about 60 km s�1, reaching optical depths of up to
� � 0:11. Unusually for a 21cm absorption feature, the deepest component is on the
low velocity (high frequency) edge of the profile. this ‘edge-leading’ shape is more
typically found in metal-lines, and can be explained if the line of sight passes through
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Figure 4.5: The 5 component fit
to the WSRT/DZB spectrum for
1127-145. In the upper panel, the
points are the data, the dashed
lines are individual components
and the heavy solid line is the
combined fit. In the bottom
panel, the residuals are shown.

a thick rotating gas disk (Prochaska and Wolfe 1998). Using the Giant Meterwave
Radio Telescope (GMRT), Kanekar and Chengalur (2000a) have observed the 21cm
line depths to vary in this source, in a manner that is uncorrelated with the quasar
flux variability. However, they find no evidence for change in the velocity centroids
and widths of the lines.

Table 4.2: Five Component Fit to the 1127-145 21cm line Profile

Component ∆ Vo f f set �21 FWHM ∆v EW21

(km s�1) (km s�1) (km s�1)
1 �25:6� 0:6 0:030� 0:004 8:1� 0:4 0:26� 0:05
2 �15:0� 0:6 0:113� 0:005 8:7� 0:4 1:04� 0:06
3 0 0:105� 0:004 8:5� 0:4 0:95� 0:06
4 16:1� 1:7 0:048� 0:004 14:6� 1:6 0:74� 0:19
5 29:2� 0:6 0:031� 0:004 3:7� 0:4 0:12� 0:02

An iterative fitting routine was used to decompose the observed H I 21cm absorp-
tion profile into individual components. The best fit was obtained using 5 Gaussian
components which are summarized in Table 4.2 and shown in Figure 4.5.

We have placed the velocity center (∆V = 0) at 1082.02 MHz, which is the center
of Component 2 as well as the zabs of the metal-lines. Conservative errors in �21 are
taken from the RMS noise in the residual to the fit, while errors in ∆v are estimated
to be one-half of a resolution element, with the exception of Component 4 for which
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we quote larger errors because the uncertainty in the velocity offset of the profile
center was quite high. The integrated line depth EW21 = 3:11� 0:21 km s�1. The
H I column density from the DLA profile is NHI = 5:1� 0:9� 1021 cm�2, and we
calculate that < Ts > = 910� 170 K. A velocity width of ∆v = 8 km s�1 corresponds
to a Tk = 1400 K. Four of the five fitted components have ∆v � 8 km s�1, and thus
we cannot use the velocity widths of the individual components to provide better
temperature constraints for this system.

4.6 Spin Temperature in Redshifted Systems

Table 4.3: Summary of DLA/21cm Absorbers

Object zem zabs NHIDLA EW21 < Ts > ref
1020 cm�2 km s�1 K

0201+113 3.61 3.388 25� 12 a 0:90� 0:27 1530� 865 8,9
0235+164 0.940 0.5238 50� 25 a 13� 0:6 215� 110 2,11
0458-020 2.286 2.038 50� 25 a 7:29� 0:17 380� 190 7,6
0738+313 0.631 0.0912 15� 2 1:12� 0:02 725� 100 14,13

0.2213 7:9� 1:4 0:58� 0:07 735� 155 14,16
0827+243 0.939 0.5248 2� 0:2 0:34� 0:08 330� 70 14,12
0952+179 1.472 0.2377 21� 2:5 0:57� 0:07 2050� 345 14,12
1127�145 1.187 0.3127 51� 9 3:11� 0:05 910� 170 14,16
1157+014 1.986 1.944 63� 10 2:19� 0:21 1595� 400 4
1229�021 1.038 0.3950 5:6� 0:9 3:0� 0:8 105� 30 10,15
1328+307 0.849 0.692 18� 1 0:91� 0:09 1100� 125 1,10
1331+170 2.081 1.776 15� 7 a 0:43� 0:11 1925� 1025 3,5

aNumbers with no published uncertainties were arbitrarily assigned 50% errors.
References: (1) Davis and May 1978, (2) Wolfe et al. 1978, (3) Wolfe and Davis 1979
(4) Wolfe et al. 1981, (5) Chaffee et al. 1988, (6) Briggs et al. 1989
(7) Wolfe et al. 1993, (8) White et al. 1993, (9) Briggs et al. 1997
(10) Boisseé et al. 1998, (11) Cohen et al. 1999, (12) Kanekar and Chengalur 2000
(13) Lane et al. 2000, (14) Rao and Turnshek 2000, (15) Briggs et al. 2000,
(16) This Chapter.

Figure 4.6 shows < Ts > vs. redshift and NHI, and log(EW21) vs. redshift and
NHI for known DLA/H I 21cm absorber systems, calculated from the literature and
tabulated in Table 4.3. It is clear that these quantities are uncorrelated. We have
deliberately excluded the absorber at zabs = 0:437 toward 3C196, because it is known
that the radio and optical sight lines in this system are not coincident (Brown and
Mitchell 1983, Cohen et al. 1996), and any value for < Ts > derived by comparing
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Figure 4.6: A plot showing < Ts > vs. redshift and column density in the upper two pan-
els, and log(EW21) vs. redshift and column density in the bottom two panels. There is no
significant correlation between any of these quantities.

them is thus meaningless.
Estimates of Ts for the present epoch are based on studies of the Milky Way

and/or Andromeda galaxies (Dickey and Brinks 1988, Braun and Walterbos 1992),
and find values in the range 70 < Ts < 600, with a strong inverse correlation between
optical depth and Ts. It was originally considered possible that the high < Ts > val-
ues derived for redshifted DLA/21cm absorbers could be a result of redshift evolu-
tion in either the temperature of H I gas or the relative amounts of warm and cold-
phase H I gas in gas-rich galaxies (Carilli et al. 1996). We now have < Ts > values for
absorbers spanning the redshift range 0:1 < z < 3:5 and there is no discernible trend
of this quantity with redshift. We consider redshift evolution an unlikely explanation
for the high < Ts > values.

In Figure 4.7 we show the dependence of NHI and < Ts > on the maximum op-
tical depth � of the 21cm absorption feature. � and NHI are uncorrelated, but � and
< Ts > show a strong inverse-correlation despite the wide range of redshifts covered
by the absorption systems. The solid and dotted lines in the bottom panel indicate
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Figure 4.7: The upper panel shows log(NHI) vs. � for the entire sample of DLA/21cm ab-
sorbers from Table 4.3. For multi-component systems, � is measured at the deepest point in
the profile. The lower panel shows < Ts > vs. � , where � is defined in the same way. The solid
line marks median values for the Galaxy and the dotted lines indicate scatter in the Galactic
relation (Braun and Walterbos 1992). With the exception of 0827+243 and 1229-021, all of the
redshifted absorbers fall above the Galactic values at a given � .

the Galactic � �< Ts > relationship and its scatter (Braun and Walterbos 1992). The
two redshifted systems which fall among the Galactic values are 1229-021, which is
not inconsistent with the other high-redshift systems, and 0827+243 which has an
unusually low < Ts > for the measured � . The slope of the � �< Ts > relationship
appears to be somewhat steeper for the redshifted systems than for the Galactic data,
but the uncertainties in the redshifted numbers are quite large.

DLA absorption lines are sensitive to both warm- and cold- phase gas, while H I
21cm absorption is most sensitive to cold gas. A comparison between the two lines
would produce a high < Ts > estimate if there is a substantial component of warm-
phase gas on the sight line. In our own galaxy, warm-phase gas (WNM) has a much
higher filling factor than the cold-phase gas (CNM), and also extends to larger ver-
tical scale heights (Kulkarni and Heiles 1988). Observations of local dwarf galaxies
(Young 1999, Young 2000) find a similar distribution of WNM and CNM H I gas. We
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would expect, then, that it is uncommon to find cold-phase H I without warm-phase
H I on any sight line through an absorber. Lane et al. (2000; also Chapter 5 of this the-
sis) identified a warm-phase gas absorption component in the 21cm spectrum of the
z = 0:0912 absorber toward B 0738+313. This broad, low optical depth component
represents gas with a column density of NHI � 1� 1021 cm�2 and observationally
confirms the two-phase nature of H I gas in redshifted gas-rich systems.

The implication is that a substantial fraction of the total column density of H I gas
sensed by the DLA absorption line can be easily missed in 21cm absorption spectra
due to its low optical depth. Large amounts of warm-phase gas can explain two puz-
zling features of the high redshift absorbers. The DLA absorbers which are found to
contain no 21cm absorption at a sensitive detection limit are likely sight lines which
pass through warm-phase H I and no or very little cold-phase H I. Because < Ts > is
a column density weighted harmonic mean spin temperature, large column densities
of warm-phase H I would lead to large derived < Ts > values compared to Galactic
Ts measurements.

The 21cm spectrum of B 0738+313 at zabs= 0:0912 also contains two narrow veloc-
ity absorption features, one of which has a velocity dispersion of less than 1 km s�1

and an optical depth of only a few percent. Using the upper limit to Tk from the line
width and setting Tk =Ts, the total column density in this feature is NHI � 1� 1019

cm�2. This nicely illustrates the fact that an individual cloud does not require a large
column density to be detected in H I 21cm absorption. However, the probability of a
sight line intercepting an isolated, cold H I cloud at redshifts z > 0 is low, so in prac-
tice H I absorption is rarely detected in any but the highest neutral column density
systems.

High < Ts > values can also result from differences in the radio and optical sight
lines. The sizes of the radio emission regions of quasars are much larger than the
optical regions, and usually larger than an average cloud as well. It is therefore
likely that the optical and radio lines of sight actually sense different clouds in a
redshifted galaxy, and hence have different column densities of neutral gas. This im-
plies that the spin temperatures derived by assuming DLA and 21cm column den-
sities are equal may be meaningless. The absorber at z = 0:437 on the 3C196 sight
line provides an extreme example of this problem; the QSO is lobe dominated at
radio frequencies, and there is little radio continuum at the position of the optical
sight line (Brown and Mitchell 1983, Cohen et al. 1996). Unfortunately, the resolu-
tion obtained in most radio survey observations (with single dishes or synthesized
beams from arrays like the WSRT) is at least as large on the sky as compact back-
ground radio sources, and gives no spatial information about the clouds in front of
the quasar. VLBI techniques are necessary to precisely pinpoint the radio continuum
which corresponds to the optical sight line, as we will demonstrate in a study of the
zabs = 0:0912 H I 21cm absorber in Chapter 5.
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