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Summary. The 21-cm absorption line observed in several QSO systems is
believed to originate in neutral hydrogen clouds in the vicinity of the QSOs. The
aim of this paper is to show that 21-cm absorption can also originate in a highly
ionized emission-line region with electron plasma frequency close to 1420 MHz
(21cm), through the process of parametric decay instability. This absorption
process has a line character in principle since it occurs only when a frequency-
matching condition is satisfied. The width of the absorption feature results from
the width of the electron density distribution function of the emission-line region.
The absorption coefficient for the parametric decay process is much larger than
that for the spin—flip transition. A part of the radio continuum is therefore
depressed because this absorption process occurs over a range of frequencies.

1 Introduction

The standard interpretation of the 21-cm absorption observed in several QSO systems is that it
originates in the neutral hydrogen clouds in the environs of the QSO (Weymann, Carswell &
Smith 1981). In this paper, I show that the emission-line region is a very likely site for absorption
of 21-cmradiation. An electromagnetic wave is subjected to collisional absorption in a plasma but
this absorption is in the form of a continuum. It is known that, when the frequency of the incident
radiation is close to the electron plasma frequency of the absorbing plasma, the radiation energy
preferentially goes to electron plasma oscillations which can become unstable and grow to large
amplitudes. Eventually, these electron plasma waves undergo Landau damping, heating the
plasma in the process (DuBois & Goldman 1965; Kaw & Dawson 1969). The absorption is
essentially at the electron plasma frequency of the plasma. I propose that 21-cm (1420-MHz)
radiation will be absorbed in a plasma of electron plasma frequency 1420 MHz and the emission-
line region is an ideal site for such absorption to occur. In Section 2, I consider the parametric
decay of a radio wave into an electron plasma wave and an ion-acoustic wave. In Section 3, I show
how an observed 21-cm absorption profile can be generated through the spatial variation of
electron density in the emission-line region.
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2 Parametric decay instability

This mechanism has been considered earlier in a search for an additional heating mechanism of
the emission-line region (Krishan 1987). The parametric decay of the radio waves can be
described as:

m=0.+0; K=K +K; (1)
where (wy, Ky) is the frequency and wave vector of the incident radiation,
wi=wi.+KjC?  wi=wi+3K*VZ,
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Since wy=w,., Ky=0and |K| = |K.|=|K;|. nis the electron density, V. is the electron thermal
velocity, m. and m; are the electron and proton masses. The dispersion relation for the decay
instability is given as (Liu & Kaw 1976)
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where A = wy—w., o is the frequency of the decaying electrostatic wave in the presence of the
pump wave of frequency wy, I'; is the damping rate of the electron plasma wave, I, is the damping
rate of the ion wave, and C;= (T./m;)"2. V,= (eEy/m.wy) is the quiver velocity of an electron in
the electric field E; of the radio wave. One solves equation (2) for complex roots such that
Kip <1, o ~w;~KC,. Let w = KC,+1id, d < KC;. Solving equation (2) one finds the maximum
growth rate y,, = Re 0 which is also the absorption rate of the incident wave [the details of the
calculations can be found in Krishan (1987)]:
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where the luminosity of the incident radiation L = L, X10* ergs™!; the plasma temperature

T.=T,=T,x10*K and the distance between the source of incident radiation and the emission-

line region is 7, X 3 X108 cm. For comparison, the absorption rate for the spin—flip transition is

given as
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K

k(w) =2.58x10"15 : 4)
where Ty is the temperature which characterizes the population distribution between the two
atomic states, f(w) is the line-shape function normalized to unity, and N is the number of
hydrogen atom cm™3. One can check that the absorption rate for the parametric decay process is
much larger than that for the spin—flip transition for standard values of the parameters.

3 21-cm absorption profile

Absorption of radio radiation by parametric decay into an electron plasma wave and an ion-
acoustic wave certainly has a line character, since only that spectral portion which satisfies
equation (1) gets absorbed. Thus the plasma, depending upon its electron density, picks up
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electromagnetic radiation of the right frequency. The width of the absorption feature corres-
ponds to the width of the electron density variation in the plasma. I shall now derive the electron
density profile which produces the observed absorption spectrum of the 21-cm radiation. One
observes that the absorption rate (equation 3) depends on electron density only through the
factor KAy<1 and therefore has a weak density dependence. This is due to the fact that resonance
conditions (equation 1) have been used. We therefore conclude that the major density depen-
dence of the optical depth is through the path length S(n). Thus the optical depth 7 is given by

(@) =Y S(w)

=Y S(n). )
The 21-cm optical depth can be written as
t=—In (1— ATa) (6)
T,

where T, is the flux incident on the absorber and AT, is the observed peak brightness of the
profile. For a numerical example, we take the data from Wolfe, Briggs & Jauncey (1981) who
have reported measurements on 21-cm absorption in the QSO PKS 1157 + 014 at z=1.94. They
have fitted the line profile with a single Gaussian function characterized by a velocity dispersion
oy=17.9x1.3kms™! which corresponds to FWHM AV,=42+3kms"!, the depth of the Gaus-
sian function is given as AT, =0.135+0.009K and T,=2.8 K. Thus AT, can be written as

(AV)Z]
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Now the velocity distribution function can be converted into a frequency distribution function

which then can be related to an electron density distribution as follows:
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Since the frequency w of the electromagnetic radiation is close to the electron plasma
frequency,

(47m0 ez) 1/2
Wy =
me

is the frequency corresponding to the maximum in absorption, and An is the departure from the
central density n,. We take ny=6.72x108cm™ to correspond to w,=1420 MHz. Substituting
equations (7) and (8) into equation (6) one gets the frequency or the density dependence of the
optical depth as
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Figure 1. Spatial variation of electron density deduced from 21-cm absorption in the emission-line region.

Using equation (5) we derive the spatial variation of electron density in the emission-line
region. This variation is shown in Fig. 1. Thus the electron density profile is such that the path
length is largest at the central frequency (1420 MHz) and decreases for both higher and lower
frequencies. The length scale of density variation for y,,~107° is found to be

An \1
~107cm,
noAS

which is rather small. This is because the absorption process is a collective effect and thus
extremely fast.

From equations (7) and (8), one finds that AT, falls to (AT, |n./10) for An/ny~5x107*.
Thus it is possible to reproduce the observed absorption profile of 21-cm radiation from a plasma
of electron density (n+ An) where An=3.6x105cm™3. This is a rather special demand on the
electron density variation. One does not expect the electron density to have such a sharp profile in
the environs of a quasar. The absorption would therefore occur over a range of frequencies
depending upon the covering factor and the spread in the electron density. The 21-cm line is not
preferentially affected because of the inherent large spread in the electron density. The para-
metric decay absorption thus results in the reduction of a part of the radio continuum depending
on the covering factor.

4 Conclusions

(i) A strong electromagnetic wave of frequency close to the electron plasma frequency is
susceptible to decay into an electron plasma wave and an ion-acoustic wave while passing through
a plasma. For 21-cm radiation, a portion of the emission-line region provides such a plasma.

(ii) Since the parametric decay is a collective process, the absorption rate of the electromagne-
tic wave is extremely high. As a result the effective absorption occurs over much shorter path
lengths in the line-of-sight. This has implications for the shape of the absorbing plasma.

(iii) The neutral hydrogen clouds are much further from the source of continuum 21-cm
radiation than the emission-line region. Therefore 21-cm radiation will be first intercepted by the
emission-line region and will undergo strong absorption through the parametric decay process.

© Royal Astronomical Society * Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/abs/1988MNRAS.231..353K

FTIBBVNRAS, 2317 ~ 353K

21-cm absorption in QSOs 357

The radio-emitting region, being of large size, may overlap a significant portion of the emission-
line region. The radiation that leaks through is available to be absorbed in the H1 region.

(iv) It has been inferred from emission-line studies that this region has a range of electron
densities. In this case the absorption from each region will be superimposed and the profile may
be broadened beyond recognition.

(v) We may conclude that, since the conditions for the parametric decay process to occur are
satisfied, absorption of 21-cm radiation will take place in the emission-line region. If so, then
absorption of 21-cm radiation cannot be attributed entirely to neutral hydrogen.
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