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Abstract

We present the results of 21-cm HI absorption measurements towards a sample of extragalactic radio sources using the
Arecibo 305-m telescope and the Giant Metrewave Radio Telescope (GMRT). Our sample includes gigahertz peaked
spectrum (GPS), compact steep spectrum (CSS), compact flat spectrum (CFS) and large (LRG) sources. These observa-
tions, along with other 21-cm searches published in the literature and archival data at other wavebands, allow us to probe
the environments of these radio sources on a variety of scales. Our results suggest the following: (a) the HI column den-
sity as probed by 21-cm absorption is anticorrelated with the source size, (b) the environments of radio sources on GPS
and CSS scales are similar at different redshifts and (c) the 21-cm absorption detection rates of GPS and CSS galaxies
and quasars are consistent with the unification scheme. We also note that the principal (strongest) absorption component
detected towards GPS sources appears to be blue-shifted in ∼75% of the cases. Results of the photoionization modelling
of outflowing material detected in the UV and optical spectrum of the CSS quasar 3C48 are also presented. These results
are consistent with the growing evidence that jet-cloud interactions play an important role in determining kinematical and
ionization properties of the emitting and absorbing gas observed in these sources.

1 INTRODUCTION

Absorption-line measurements provide a powerful tool to probe the atomic gas associated with active galaxies. This gas
could be associated with either the circumnuclear disk, the putative torus, or the halo of the host galaxy or be gas swept
up by the advancing radio jet. An understanding of the distribution and kinematics of this gas is therefore important
for studying the anisotropy in the radiation field and thereby testing the unification scheme, and for understanding the
fuelling of radio activity. Further, detection of this gas over a large range of redshifts can provide valuable information on
the evolution of its properties with source size (age) and cosmic epoch.

The interaction of radio sources with the ambient environment is a recurring theme in discussions of the evolution
of radio sources, especially on sub-galactic scales. The structure of GPS and CSS sources often appears to be affected by
the ambient gas, suggesting dynamical interaction with the external medium. An understanding of the distribution of this
gas will therfore also be useful for understanding the evolution of radio sources.

2 HI OBSERVATIONS USING THE ARECIBO TELESCOPE AND GMRT

Of the 26 radio sources observed with the Arecibo telescope and GMRT, we detect associated 21-cm HI absorption
towards five and HI emission from one. The HI gas exhibits a variety of line profiles, suggesting significant, sometimes
complex, gas motions. For example, we found an HI absorption line in 3C258 with seven components, each having a
width of ∼10 km s−1 (Fig. 1). However, the measured line-widths are often broader and can extend up to several hundred
km s−1. In order to have a large enough sample (hereafter called the ‘full sample’) to investigate the atomic gas properties,
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Figure 1: Left: The HI absorption spectrum of J1124+1919 (3C258) overlaid with the seven Gaussians fitted to the
spectrum. The individual Gaussians are shown dotted, and their sum as a solid line. The residuals, following subtraction
of the Gaussians, are shown as crosses. Right: Neutral hydrogen column density as a function of projected linear size for
the radio sources. A spin temperature of 100 K and full coverage of the background source has been assumed to estimate
the column density. The arrows mark the 3σ upper limits on the column density or on the projected linear size. The circles
denote GPS or CSS sources, triangles denote CFS while squares denote LRG sources. The data from our observations
(with colour black corresponding to Arecibo telescope and blue to GMRT) and the literature (with red corresponding to
data from Vermeulen et al. (2003) and Pihlström et al. (2003), green corresponding to data from Morganti et al. (2001)
and magenta corresponding to van Gorkom et al. (1989)) have been represented by solid and open symbols respectively.

we also consider the major searches for associated 21-cm absorption reported by van Gorkom et al. (1989), Peck et al.
(2000), Morganti et al. (2001), Pihlström (2001), Vermeulen et al. (2003) and Pihlström et al. (2003). The ‘full sample’
consists of 98 objects and includes 28 GPS, 36 CSS, 13 CFS and 21 LRG sources. Amongst the GPS and CSS objects,
19 are associated with quasars while 44 are associated with galaxies.

2.1 HI column density versus linear size

It may be noted from Fig. 1 that incidence of 21-cm absorption is much higher for the more compact radio sources. In
particular, the detection rate is maximal (∼70%) for GPS sources and least (∼20%) for the LRG sources. An anticorre-
lation between the HI column density and source size for the GPS and CSS sources was first noted by Pihlström et al.
(2003) and is also consistent with the optical spectroscopic results of van Ojik et al. (1997).

2.2 HI column density versus redshift

The Hubble Space Telescope studies of distant galaxies (z <
∼

1; see e.g. Abraham et al. 1996; Brinchmann et al. 1998)
show remarkable morphological evolution and suggest larger incidence of mergers and interactions in the past. It is
therefore interesting to enquire if the environments of radio sources as probed by 21-cm absorption bear any signature of
evolution with cosmic epoch. In the left panel of Fig. 2, we plot the redshift distributions of the GPS and CSS sources
separately for those with HI detections and non-detections. There is no significant difference between the two redshift
distributions, at least to z ∼0.8. A plot of the HI column density against redshift also shows no significant correlation.
This suggests that the environments of the radio sources on GPS and CSS scales as probed by the neutral gas component
are similar at different redshifts. Interestingly, this is also consistent with the polarization asymmetry study of CSS and
larger sources by Saikia & Gupta (2003).



Figure 2: Left: The redshift distributions of GPS and CSS sources with detections (solid lines) and non-detections
(shaded). Centre: The HI column density distributions of GPS and CSS quasars (top panel) and galaxies (bottom panel).
The detections are marked by solid lines, while the shaded regions represent non-detections. The four detections and one
upper limit for galaxies with log N(HI)>19.5 have been put in the last bin. Right: The distributions of the velocity of the
principal 21-cm absorption components relative to the systemic velocity estimated from optical lines. The solid line is the
distribution for both CSS and GPS sources while the distribution for the GPS sources is shown shaded.

2.3 HI absorption and unification schemes

If GPS and CSS objects are consistent with the unification scheme for radio galaxies and quasars, then one might expect a
dependence of the detection rate of HI absorption, as well as HI column density, on the optical identification of the parent
optical object. In the central panel of Fig. 2, we plot the HI column density distribution for GPS and CSS quasars and
galaxies. Clearly, the detection rate for galaxies (∼40%) is much higher than that for quasars (∼20%). Considering the
GPS and CSS objects separately, one finds a similar difference in the detection rates for galaxies and quasars. This is
consistent with the unification scheme for radio galaxies and quasars.

3 OUTFLOWING MATERIAL IN RADIO SOURCES: EVIDENCE OF JET-
CLOUD INTERACTION?

We have recently reported the detection of a zabs=0.3654 associated absorption-line system in the UV spectrum of the
CSS quasar 3C48 (Fig. 3; Gupta, Srianand & Saikia 2005). The absorbing material is blue shifted with respect to the
quasar emission-line redshift, zem=0.3700, suggesting an outflow velocity of ∼1000 km s−1. We detect absorption lines
over a range of ionization states from Lyβ, Lyγ, C IV, N IV, S VI to O VI and possibly O IV and Ne VIII. The kinematical
properties of the absorption-line system are similar to the blue-shifted emission line gas seen in [OIII] λ5007, which is
believed to have interacted with the radio jet. We study the properties of the absorbing material using photoionization
simulation code CLOUDY and find that photoionization models with Solar abundance ratios are sufficient to explain the
observed column densities. Since the cooling and recombination time for the gas is ∼105 yr, the consistency with the
photoionization models suggests that any possible interaction of absorbing material with the jet must have taken place
before ∼105 yr. We have observed 3C48 with the GMRT to search for redshifted 21-cm H I absorption. However, we
did not detect any significant feature in our spectra and estimate the 3σ upper limit to the optical depth to be in the range
0.001 to 0.003.

Although blue-shifted absorption lines could arise due to either halo gas or circumnuclear gas kinematically af-
fected by nuclear winds and/or radiation pressure, such studies suggest that jet-cloud interaction may also play a significant
role in these classes of objects. In the right panel of Fig. 2, we plot the distribution of the velocity shifts of the principal
(strongest) 21-cm absorption component detected towards CSS and GPS sources in the ‘full sample’. Though hampered
by small number statistics, the distribution indicates that ∼65% (16/24) of the 21-cm absorption features tend to be blue-
shifted. It is interesting to note that the skewness of the distribution comes largely from the principal components detected
towards GPS sources. Of the 12 principal components detected towards GPS sources 9 (∼75%) have velocities which are



Figure 3: UV spectrum of the zem = 0.370 quasar 3C48. Different absorption lines are labelled. Vertical dashed lines rep-
resent the positions of the absorption components associated with the zabs=0.3649 and 0.3658 systems. Short-dashed lines
with the label ‘g’ correspond to Galactic absorption. Long dashed lines mark a possible intervening system, zabs=0.286.

blue-shifted with respect to the systemic velocity. The higher incidence of blue-shifted features suggest that some of the
absorption could be due to gas clouds accelerated by interaction with the radio jets.
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