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Abstract. We present an overview of the occurrence and properties of atomic gas associated with compact radio sources at
redshifts up tae = 0.85. Searches for H21 cm absorption were made with the Westerbork Synthesis Radio Telescope at UHF-
high frequencies (725-1200 MHz). Detections were obtained for 19 of the 57 sources with usable spectra (33%). We have found
a large range in line depths, from= 0.16 tor < 0.001. There is a substantial variety of line profiles, including Gaussians of

less than 10 km3, to more typically 150 km¥, as well as irregular and multi-peaked absorption profiles, sometimes spanning
several hundred knts Assuming uniform coverage of the entire radio source, we obtain column depths of atomic gas between
1x 10" and 33 x 107! (Ts,/100 K)(1/ f) cm2. There is evidence for significant gas motions, but in contrast to earlier results

at low redshift, there are many sources in which thevelocity is substantially negative (up o= —1420 km s') with respect

to the optical redshift, suggesting that in these sources the atomic gas, rather than falling into the centre, may be be flowing out,
interacting with the jets, or rotating around the nucleus.

Key words. galaxies: active — galaxies: evolution — galaxies: ISM — radio lines: galaxies

1. Introduction radio galaxies. The mostly radio-quiet AGN in a large nearby

) galaxy sample studied by Ho et al. (1997) often reside in early-
The energy output from AGN is commonly agreed to be poys,e sk galaxy hosts, many of which have spiral structures,

ered by accretion onto a super-massive black hole, result the amount of gas needed to sustain the low-luminosity

from the infall of gas transported from the host galaxy down {4 ity for the expected lifetime is readily available. But look-

the central regions (e.g., Rees 1984). Recent detailed and Sl8at radio-loud AGN, Martel et al. (1999) have found that at

tistical studies of Seyfert galaxies (e.g., Cid Fernandes et Bhst 89% of the hosts of 46 low-redshift € 0.1) 3CR ra-

2001) are beginning to chart the evolutionary sequence thal oo jaxies are ellipticals. At larger redshifts, Dunlop et al.

leads to the productionlof an active galactic nuclei iq Iate-ty%os) have shown that the host galaxies of radio-quiet and
(Sd through S0) galaxies and thifeet of that evolution on radio-loud quasars, as well as radio galaxies, are massive el-

the host galaxy (e.g., Storchi-Bergmann et al. 2001). The pjgsiicais. These may of course themselves be merger products
ture that is emerging is one of a close tie between the gal

. d aal | ) X leadi BPlate type galaxies. True spiral hosts of powerful radio galax-
environment and galaxy-galaxy interactions leading to a tefig seem 10 be very rare (see also Ledlow et al. 1998).
poral sequence of circumnuclear starbursts and accretion onto

the nuclear black hole (e.g., Sanders et al. 1988). The predominance of elliptical hosts is often thought to
However, while this picture is becoming well defined fobe puzzling, since these are usually assumed to be gas poor.
Seyferts, very little is known regarding the situation in powerfit should be noted first that major galaxy merger products
are likely places where gas has lost angular momentum and
Send gprint requests toR. C. Vermeulen, can feed into the central engine. Apart from that, Walsh
e-mail: rvermeulen@astron.nl et al. (1989) have shown that in ellipticals the amount of
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long-wavelength IR emission, indicative of the presence of dusting the UHF-high receivers. While there were slight vari-
and gas, is correlated with the occurrence and strength of a catiens in the observational and data reduction methods used,
tral radio source. More recently, it has been shown that eartlie description below adequately describes the essentials. The
type galaxies can contain gas in both molecular form (see edgta reduction was carried out using the NRADPS and
Rupen 1997; Knapp & Rupen 1996), and in atomic form (s&altechDIFMAP packages, typically switching back-and-
e.g. Bregman et al. 1992; Oosterloo et al. 1999), and this dagth to make use of their respective strong points.
could act as a fuel reservoir for the central engine. Indeed, cen- Typically, each target was first observed for a few hours, in
tral structures of gas are frequently observed in nearby ragiach of two orthogonal linear polarisations, with 128 spectral
sources; for instance, 17 of 19 nearby FRI radio galaxies athannels covering a 10 MHz wide observing band (the max-
served with the HST by Verdoes Kleijn et al. (1999) have dushum available when the surveys started), centred at the fre-
structures in their centres. Such dust disks are also reportedquencies predicted for Hbhased on the optical redshifts (these
molecular (e.g in 4C12.50, Evans et al. 1999) and atomic linésyve some uncertainty, as discussed in Sect. 3). Doppler track-
e.g.in NGC 4261 (Van Langevelde et al. 2000) and NGC 1058y was used; it ensures that spectra taken separately at arbi-
(Vermeulen et al. 2003a). Furthermore, observations of neatbgry times of the day and year can be directly combined pixel-
radio-loud AGN by van Gorkom et al. (1989) have directipy-pixel. Most spectra were Hanning smoothed online, chiefly
shown, in about 30% of the galaxies studied, the presencet@fcombat the spectral ripplingfects of strong narrow-band
cold gas visible through the H1 = 21 cm line of neutral hy- interference somewhere in the observing band. As a result, the
drogen in absorption towards the central radio source. In a effective spectral resolution in the initial observations is about
cent study, Morganti et al. (2001) have found evidence that 50 kHz.
their radio galaxy sample the Hletections are related to cir- The combined initial target list incorporated about
cumnuclear tori. 80 sources. Despite the WSRT’s impressive ability to suppress
At cosmological redshifts, the galactic medium is largelgxternal interference, by virtue of its being an interferomet-
unexplored. But the recent upgrade of the Westerboric array, and having a multi-channel correlator, we have en-
Synthesis Radio Telescopes (WSRT) has opened up a new@wuntered a number of frequency intervals in which the level
enue of research. The array of 14 telescopes, with its new mutti-the interference was always too high to obtain any useful
channel correlator (DZB), féers good sensitivity as well asdata, even after trying to observe affdient times, with dter-
a superior capability to reject external interference comparedt telescope orientations (hour angles), or with slightly shifted
to single dish telescopes. The wide band UHF-high receivefig®quency bands. In the end, we pursued the observations for
spanning 725-1200 MHz, enable studies of the occurrence &7dsources to the point where the spectra showed either a line
kinematics of atomic gas seen by means of the redshifted tetection or gave a reasonable upper limit. This often involved
line in absorption against radio sources almost out to 1. follow-up observations done with narroweffget bandwidths
We here present the combined results of a numberofindé andor twice the number of frequency channels (at the price of
searches performed at the WSRT. These projects had a vimiver correlated baselines) in the pursuit of line candidates.
ety of goals, all related to the properties of cold gas in com- Bright external sources such as 3C48, 3C147, and 3C286
pact radio sources with a total extent less than a few arcse@re used as calibrators. Time-limited or baseline specific in-
onds, within the appropriate redshift range, in the Northeterference was first removed, before using them for standard
sky, and with a flux density above a few hundred mJy (in ocomplex gain and bandpass-calibration. No attempt was made
der to have a reasonable opacity detection threshold). A n@-obtain polarisation information; the data correlated in the
jority of the sources in this paper are classified as Gigahettwo orthogonal linear polarisations were simply added after
Peaked Spectrum (GPS) or Compact Steep Spectrum (CS&)arate gain calibration, to increase the signal-to-noise of the
sources, believed to be intrinsically compact (e.g. Fanti et &hal spectra. Furthermore, since our primary interest was on
1995; O’'Dea 1998). Further, a subset of the sources in this fiae optical depths, no particular care was expended on setting
per are end-on classical doubles (including both quasars dhe overall flux density scale, but we believe that the flux den-
galaxies). As a result of coordination between the present aities shown in Figs. 1 and 2 are accurate to better than 5%.
thors, we here present the complete observational results forAfter external calibration, interference was removed from
the sources in the original programmes for which usable spéite target spectra to the extent possible. Figures 1 and 2 show
tra were obtained, plus some statistics on the absorber detptt this was not always completely successful: some interfer-
and kinematics. In a follow-up paper, using a more tightly dég signals, particularly when their strength did not dominate in
fined sample of GPS and CSS sources including data from the observing band, could not be adequately discriminated by
literature, Pihlstoim et al. (2003) discuss Habsorption in the their temporal or spatial characteristics. After editing to the ex-
context of other properties, and show, for example, the extent possible, those spectral channels without any line features
tence of an anti-correlation between absorption depth and limere averaged, and this continuum dataset was then used in
ear size of the radio source. iterative cycles of self-calibration alternated with image clean-
ing andor model-fitting to the uv-data. The compact targets
are all unresolved to the WSRT. Characterisation of the contin-
uum sources in the field was not a goal in itself, and was pur-
This paper presents the combined results of a number of difted only to the level needed to find adequate self-calibration
ferent WSRT projects, performed between 1997 and 20@Bin factors, and to ensure that confusing components would

2. WSRT observations and data analysis
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not disturb our spectral results. The self-calibration complexmulative distributions. Firstly, we point out that from Fig. 3
gains found for the continuum were subsequently applied to Hikere appears to be no evidence for a strong correlation of opti-
spectral line channels. Final spectra were then produced by cal-depth withFWH M, which means that adopting a somewhat
herently integrating all phase-calibrated visibilities per spectrabitrary width of 100 kmst in order to compute upper lim-
channel; this method produces an optimal signal-to-noise rati®is reasonable (the limits would have been somewhat tighter
given that in all cases the target, at the phase centre, is byHad we adopted a larger width). It is also clear that the distri-
the dominant source in the field. bution of detected line strengths isfidgrent from that of the
We find H1 absorption to be present in the spectra of 1@pper limits: many of the limits are below most of the actual
of the 57 sources (33%); these are shown in Fig. 1. Tabledé&tections, meaning that these limits are tight enough to be
gives the particulars of the detected absorption lines, deteery significant. A KS test shows that the cumulative distri-
mined by Gaussian profile fitting of the peak optical depthisution of the detections is fierent from that of the @ limits
Tpeak aNdFWHM line widths,AV; the column densities wereat the 98% confidence level. It is also clear from Fig. 3, how-
computed from these assuming uniform coverage of the awver, that about half of theo2limits leave something to be
tire radio source and a spin temperatlig = 100K, using desired: while they rule out the presence of prominent absorp-
Nu = 1.82x 10" TsprpeadV. Both assumptions mean thation (roughly: abover = 1%), they still allow the presence of
the listed column depths are lower limits: the covering fashallower lines analoguous to those seen in some of the weaker
tor might be below unity, and if the Habsorption were to detections (roughly: below = 0.5%). A significant investment
arise in the pc-scale vicinity of the AGN, conditions might b& telescope time would be needed in most cases in order to
such thatTs, ~ 8000K (Maloney et al. 1996). For the otherconstrain this potential incompleteness.
38 sources, we show the spectra in Fig. 2. For Table 2, we haveNevertheless, the detections that we do have are already an
used aFWHM of 100kms? as a plausible width for an ab-important next step in studying the cold neutral medium in cos-
sorption line in these objects (see Sect. 4.1 and Fig. 5), in ordeslogically distant radio sources. Below, we briefly discuss
to be able to derive@ upper limits to the line depths andiH some of the line properties. In a follow-up paper (Pilustr”
column depths, based on the continuum flux densities and retsal. 2003), the line properties are related to other source pa-
noise levels of the spectra. rameters. VLBI observations in order to image the neutral gas
distribution are already being pursued for some of the most
prominent absorbers (e.g., Vermeulen 2003; Vermeulen et al.
2003b).
We expect that many of the optical redshifts used to centre the
initial observing bands are uncertain at the level of a few hun- )
dred kms?; particularly at the higher redshifts, they are typ4: LIne properties
ically based on emission Ii_nes v_vhic_h can be quite broad,_ 3291. Line widths
may have a velocity centroid which igteet from the systemic
velocity of the host galaxy. With a 10 MHz wide band, we havieigure 5 shows the distribution of tf&V H M of the Gaussians
spanned a velocity range of approximatelg250kms? at fitted to the absorption lines. This plot confirms that khes
z = 0.2, increasing to approximate2000 kms? atz= 0.85. in these sources often are broad, withF&VHM of 100-
Also note that an uncertainty af0.001 in z, which may be 200kms? or even more. We find that the primary lines (i.e.
typical for the optical redshifts in the literature, corresponds tbe deepest Gaussians, with the highest optical depth in each
a frequency uncertainty for Hof nearly+1MHz atz = 0.2 source) are probably somewhat broader than the secondary
but only aboutt0.4 MHz atz = 0.85. Thus, (optical) redshift lines; the mearFWHMs, of 156kms! and 72kmst, re-
uncertainties give the greatest (radio) frequency uncertaintigectively, difer at a confidence level of 97%, according to a
at the lowest redshifts. In view also of interpreting thEsets Student's-test.
discussed in Sect. 4.2, it would be valuable to obtain accurate Often, Hr absorption is interpreted as being due to a cir-
systemic redshifts from high sensitivity, high resolution opteumnuclear disk; for example VLA 21 cmitdbsorption imag-
cal spectroscopy, for all of the sources we have detected.in khg of a sample of Seyfert and starbursts displayed almost ex-
Nevertheless, Fig. 6, discussed in Sect. 4.2, shows that in thesively sub kpc scale rotating disks aligned with the outer
19 sources with detections, tha Melocity distribution around galaxy disk (Gallimore et al. 1999). Data for radio loud sources
the optical redshift tails f rapidly towards+500kms?. We are also consistent with disks on sub kpc scales, for example
therefore believe that our spanned bandwidth was adequatnt€ygnus A (Conway 1999) and 194808 (Peck & Taylor
cover the vast majority of the potential lines, and quite likel2001). Those examples all have line widths of the order of
all of them. 100kms?, comparable to the detections reported in this pa-
In view of the large range in flux densities amongst theer. If the wide lines arise on sub kpc scales close to the nu-
targets, it was impractical to achieve a uniform sensitivity tcleus, the narrower lines could be additional absorption occur-
line optical depth (opacity). It is fficult to quantify what ring on larger scales within the galaxy, provided that the line
this means for an individual non-detection, but the followsf sight does not cross a substantial amount &edéntial ro-
ing limited statistical analysis is indicative. Figure 3 showmtion. Alternatively, the narrower lines could be from single
the individual 2r upper limits plotted along with the line cohesive clouds, with only moderate internal velocity disper-
opacities for the detected lines, while Fig. 4 shows thedion, as is observed in 3C236 (Conway & Schilizzi 2000).

3. Detection uncertainties
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Table 1. Sources in which H absorption has been detected, and the line propeztigss the optical redshifty, e the centroid frequency of
the detected Hline, Vi 4 the velocity dfset of the detected line centroid from the optical redshift (negative means blueshiftedJinehe
peak line optical deptm\V the lineFWHM, and finallyN, the derived column depth.

Source Name Other Optical Radlio zyp? Vhidet  VHidet  Tpeak AV Ny, 3
J2000 B1950 name ID ID MHz kms 102 kms! 10°cm™2
J0025-2602 0023263 0OB-238 G CSS 0.322 1074.6 -30 0.93 126 2.14
1075.1 -174 0.20 39 0.14
J0141+1353 0138136 3C49 G CSS 0.621 876.7 -175 1.66 7 0.22
876.7 -185 1.39 35 0.88
J04106-7656 0403768 4C 76.03 G GPS 0.5985 887.6 315 1.40 61 1.55
889.4 -275 0.30 107 0.58
889.1 -170 0.27 77 0.38
J04312037 0428205 OF 247 G GPS 0.219 1164.1 318 0.46 297 2.52
1162.9 636 0.21 247 0.93
J0834+5534 0834557 4C55.16 G RG 0.242 1145.1 -399 0.28 207 1.07
J09012901 0858292 3C213.1 G CSS 0.194 1189.7 -14 0.05 115 0.11
J0909-4253 0906+430 3C 216 Q CSS 0.670 850.2 102 0.38 177 1.23
J1206+6413 1203645 3C 268.3 G CSS 0.371 1035.1 258 1.00 101 1.85
1034.7 381 0.30 19 0.10
J1326+3154 1323321 4C 32.44 G GPS 0.370 1038.3 -471 0.17 229 0.71
J135%4354 1355441 G GPS 0.646 863.4 -165 5.00 367 33.40
J14006-6210 1358624 4C 62.22 G GPS 0.4310 993.5 -258 0.61 170 1.88
J140%42827 1404286 0OQ 208 G GPS 0.07658 1318.9 131 0.39 256 1.83
J1815-6127 1815614 Q GPS 0.601 890.9 -1258 2.03 118 4.35
J18213942 1819396 4C 39.56 G CSS 0.798 792.3 -869 1.00 44 0.80
792.0 -742 0.76 61 0.85
J1944+5448 1943546 OV 573 G GPS 0.263 1130.0-1420 0.86 315 4,91
J2052-3635 2056-364 G GPS 0.355 1048.6 -95 16.11 16 4.69
1048.7 -130 4.40 32 2.56
J2255-1313 2252129 3C 455 Q CSS 0.543 920.4 30 0.16 140 0.42
J2316+0405 2314038 3C 459 G BLRG 0.2199 1165.3 —-229 0.31 130 0.72
J2355+4950 2352495 (0OZ 488 G GPS 0.2379 11475 -12 1.72 82 2.56
1147.2 133 1.16 13 0.28

1 GPS= Gigahertz Peaked Spectrum source, GSSmpact Steep Spectrum source, RBadio Galaxy, BLRG= Broad Line Radio Galaxy.

2 The radio band centre frequency used during the observations somettfeescdfrom that predicted by the optical redshift, for example in
order to avoid RFI or to pursue tentative lines.

3 Derived fromNy, = 1.82 x 10" TgyrpeadV cni?, using T, = 100 K.

4 The detection of H absorption in 3C 216, an integral part of our survey, was first published in Ritnsital. (1999).

5 Redshift based on Ca+K and G-band stellar absorption features in an unpublished spectrum obtained by some of us (RCV and GBT) at
Palomar Observatory 20MHale Telescope.

4.2. Inflowing and outflowing gas? As Fig. 6 shows, we now find Hlines at both positive
and negative velocities with respect to the optical redshift.
It was pointed out by van Gorkom et al. (1989) that in all Also, while typical velocities in the lower redshift sources of
out of 29 nearby radio galaxieg & 0.13) with detected H van Gorkom (1989) were in the range 04@00kms*, with
absorption, and also in 4 other nearby systems, theeftbcity only 1 value around-400kms?, 10 of our 19 main (high-

is positive, i.e. infalling with respect to the systemic velocity gst opacity) lines have a velocity more than 200 kindif-

the galaxy. The radio structure (or, in the case of 3C236, at lef@§ent from the optical redshift; the main line velocities range
the absorbed part) of those nearby galaxies wittabisorption betweenv = -1420kms* andv = +318kms'. While, as

is very compact, and many of these objects are now classifdteady discussed in Sect. 3, inaccuracies in the optical red-
as GPS or CSS sources. Thus, they potentially match well wihift may play a role in causing some of the scatter, we believe
the types of sources that constitute the majority of our sampte larger H velocities are likely to be significant. We see an
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Table 2. Sources in which H absorption has not been detected, with upper limits to the lggss the optical redshiftr,, the limit to the
optical depth for a line of widtiAV = 100 km s centred at the optical redshift, and finaly, », the corresponding limit on the column depth.

Source Name Other Optical Radlio Zyp? Toy Nii.20°
J2000 B1950 name ID ID B 10%cm

JO1571043 0155109 OG-192 Q EORQ 0.616 <0.35 <0.63
J0201+1132 0159117 3C57 Q EORQ 0.669 <0.24 <0.43
J0224-2750 022%276 3C 67 G Css 0.3102 <0.50 <0.91
J0348-3353 0345337 3C93.1 G CSs 0.243 <0.48 <0.87
JO401-0036 0358004 3C99 G EORG 0.426 <0.39 <0.71
JO521+1638 0518165 3C 138 Q Css 0.759 <0.17 <0.30
J0542-4951 0538498 3C 147 Q CSss 0.545 <0.11 <0.19
J0556-0241 0554026 G GPS 0.235 <2.17 <3.94
J0609-4804 0605480 3C 153 G EORG 0.2769 <0.23 <0.41
JO709%-7449 0702749 3C173.1 G FRII 0.2921 <0.74 <1.34
JO7413112 0738313 OI 363 Q GPS 0.635 <0.34 <0.62
J0815-0308 0812029 3C196.1 G EORG 0.198 <0.53 <0.96
J0846-1312 0838133 3C 207 Q RQ 0.6808 <0.18 <0.33
J092743902 0923392 4C 39.25 Q EORG 0.6948 <0.34 <0.62
J0939%-8315 0934834 3C 220.3 G EORG 0.685 <0.17 <0.31
J0943-0819 0941080 G GPS 0.228 <0.44 <0.80
JO9547435 0956748 G RG 0.695 <0.87 <1.58
J1035-5628 1031567 OL 553 G GPS 0.459 <0.48 <0.87
J1126-1420 1114146 4C14.41 G GPS 0.362 <0.21 <0.38
J1159-2914 1156295 4C 29.45 Q EORG 0.729 <0.66 <1.20
J1252-5634 1258568 3C 277.1 Q CSss 0.321 <0.25 <0.45
J1308-0950 1306095 OR-010 G CSss 0.464 <0.47 <0.85
J1313-5458 13134552 Q RQ 0.613  <0.62 <1.13
J14214144 1419419 3C 299 G CSs 0.367 <0.24 <0.44
J1443-7707 1443773 3C 303.1 G CSS 0.267 <0.52 <0.94
J15406-1447 1538149 4C 14.60 Q EORG 0.605 <0.22 <0.39
J1546-0026  1543-005 G GPS 0.550 <0.36 <0.66
J1642-6856 1642690 4C 69.21 Q EORG 0.751 <0.46 <0.84
J1658-0741 1655077 OS 092 Q EORG 0.621 <0.54 <0.98
J18237938 1826796 G GPS 0.224 <10.05 <18.29
J1829-4844 1828487 3C 380 Q Css 0.692 <0.07 <0.12
J183%K2907 1829290 4C 29.56 G CSSs 0.842 <0.59 <1.07
J1845-3541 1843356 OU 373 G GPS 0.764 <3.80 <6.92
J2022-6136 2021614 OW 637 Q GPS 0.227 <0.13 <0.24
J21372042 2135209 OX-258 G CSss 0.635 <0.41 <0.74
J2250-1419 2244140 4C 14.82 Q CSss 0.237 <0.45 <0.82
J23212346 2318235 3C 460 G EORG 0.268 <0.70 <1.28

J2344-8226 2342821 Q GPS 0.735 <0.26 <0.47
! GPS= Gigahertz Peaked Spectrum source, GSSompact Steep Spectrum source, R®Radio Galaxy, RQ= Radio Quasar, BLRG:
Broad Line Radio Galaxy, FRH Fanardf-Riley Type 2, EORG= End On Radio Galaxy and EORQENd On Radio Quasar.
2 The radio band centre frequency used during the observations sometifieesdiirom that predicted by the optical redshift, for example in
order to avoid RFI or to pursue tentative lines.
3 Derived fromNy 2, = 1.82x 10T g,2,AV cm 2, usingTsp = 100K andAV = 100 kms?.

4 Redshift based on Mgll, [OlI], and [Olll] emission lines in an unpublished spectrum obtained by some of us (RCV and GBT) at the Palomar
Observatory 200Hale Telescope.
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Fig. 1. Spectra of sources with detected ldbsorption. The fitted Gaussian profiles are also shown, and features due to radio frequenc
interference are marked “RFI” on those plots. Velocities are with respect to the optical redshifts. The grey horizontal bands represent the
standard deviation from the fitted continuum level. The grey vertical regions indicate the outer 25% of the total bandwidth.

intriguing hint that the velocity distribution may be skewed tathe secondary lines, respectively. However, Studéngsts at
wards outflow rather than infall. Thigfect can be stated morea confidence level of 95% show that the mean velocities of the
dramatically than it appears through the binning of Fig. 6: I8ain lines and the secondary lines indeed do nidédsignif-

of the main line velocities are negative as compared to 6 poisiantly from zero, and also not from each other, possibly only
tive; of these, 7 have < —200 km s* as compared to 3 havingbecause the sample size is too small.

v > 200kms?, and of these, 3 have< —-600kms* as com- Thus, we find the opposite of the results obtained for nearby
pared to none at > 600 kms™. The mean centroid velocitiesradio sources by van Gorkom et al. (1989) in both the sign and
arev = —223kms* for the main lines and = -58kms™* for  the magnitude of the velocities. Speculatively, we think that
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Fig. 2. Spectra of sources without detected &bsorption. The horizontal lines shown represent thestandard deviation from the fitted
continuum level. Features due to radio frequency interference are marked “RFI”. Velocities are with respect to the optical redshifts, positive
corresponding to infall. The grey vertical regions indicate the outer 25% of the total bandwidth.
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Fig. 2. Continued.

in these higher luminosity sources, interaction between the mat to nearlyz = 1, giving observing frequencies which fall
dio jets and the surrounding inner galactic medium could leadthe UHF-high band (725-1200 MHz). Out of 57 sources for
to significant motions of the gas, such as found in 3C236 kwhich adequate spectra could be obtained, 19 are found to have
Conway & Schilizzi (2000). Other evidence for such intera@ssociated Hin absorption, with opacities ranging from 16%
tions is often seen as the so-called radio-optical alignment dbwn to 0.2%; below 1% opacity, our statistics may well be in-
fect. The kinematics of the aligned gas seen in CSS sourcesplete. The typical line width is150 kms?, but the lines
shows velocity fsets of a few hundred km (both positive can also be several times narrower or wider. Column densities
and negative) with respect to the nuclear velocity (e.g., O’'Deanging from 1x 10'° to 3.3 x 10%! are obtained by assum-

et al. 2002). Alternatively, in some cases we may be lookitigg uniform coverage of the radio source and a spin tempera-
at the line-of-sight rotational motion of a neutral component d¢dire Tsp = 100 K. In contrast to nearby radio sources, we find
broad-line gas, seen in front of a parsec-scale radio sourcenasonly positive but even more negativa Melocities, up to

has been discussed for lower redshift galaxies for examplerypre than 1000knT$ (as compared to the optical redshifts).

Morganti et al. (2001). Perhaps, inflow and outflow can both occur, or there is inter-
action with the radio source, or we are seeing rotating broad-
line gas.

5. Summary
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