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Abstract.  We report the GMRT detection of associated HI 21 cm-line
absorption in theg = 1.1946 red quasar 3C 190. Most of the absorp-
tion is blue-shifted with respect to the systemic redshift. The absorption,
at ~ 647.7MHz, is broad and complex, spanning a velocity width of
~ 600kms. Since the core is self-absorbed at this frequency, the absorp-
tion is most likely towards the hotspots. Comparison of the radio and deep
optical images reveal linear filaments in the optical which overlap with the
brighter radio jet towards the south-west. We therefore suggest that most of
the HI 21 cm-line absorption could be occurring in the atomic gas shocked
by the south-west jet.
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1. Introduction

It was suggested more than three decades ago that the study of HI 21 cm-line absorp-
tion at high redshifts would provide interesting and important information regard-
ing the distribution and kinematics of neutral hydrogen at earlier epochs (Bahcall
& Ekers 1969). The central regions of active galactic nuclei (AGN) are important
in understanding many aspects of AGN phenomena like the fueling on to the accre-
tion disk and the obscuration of the nuclei as proposed in the unified scheme. One
way to study the central region in AGNs is to search for HI 21 cm-line absorption
at the redshift of the AGN host galaxy against the radio source. The absorption can
be due to a variety of phenomena like tori, outflows, the inter stellar medium (ISM),
cold clouds and cold gas stirred up during merging of neighbors with the host galaxy
(cf. Morgantiet al. 2001).

The red quasars have generated interest particularly since the work of \Watladter
(1995) claiming that a large fractiagn- 80%) of quasars could be missed from optical
surveys due to dust extinction. It is believed that in this class of quasars, the extinction
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due to dust is higher (Webstet al. 1995); however, there are claims that red quasars
are not necessarily dusty (e.g., Besinal. 1998). If the red quasars are dusty, then
the number of high column density absorption-line systems seen towards optically
selected quasars will also be an underestimate. Cearilli. (1998; hereinafter C98)

have searched for HI 21 cm-line absorption in a radio-loud red quasar subsample at
moderate redshift& ~ 0.7) to address whether the ‘red’ AGNs are intrinsically red

or reddened by dust. In their sample of five red quasars, four showed significant HI
absorption, suggesting the presence of large amounts of gas and associated dust. Even
though the number is small, this study showed that the success rate for detecting
HI 21 cm-line absorption in radio-loud red quasars is higher (80%) compared to an
optically selected sample of radio-loud quasars with Mg Il or Lyman alpha absorption
(C98, Carilliet al. 1999). This opens up a new class of objects which can be studied in
21-cm absorption at higher redshifts, where the optically selected sample has strong
bias against high column density systems with high dust-to-gas ratios (Fall & Pei 1993,
1995).

We have started a program to search for HI 21 cm-line absorption in a sample of high
redshift(z > 1) radio-loud ‘red’ quasars and galaxies with the Giant Meterwave Radio
Telescope (GMRT, Swarugt al. 1991). At higher redshifts, the optical/IR morpholo-
gies of the host galaxies tend to be more complex, possibly due to ongoing merging
activity leading to the formation of massive ellipticals at later epochs (Chambers &
Miley 1990). Such activity (i) might enhance the probability of detecting HI 21 cm-
line absorption (e.g., Carilli & van Gorkom 1992) and (ii) could also contribute to
reddening.

3C 190 is a compact steep spectrum (CSS) radio source. Its largest angular size is
4.0arcsec and corresponding linear size is 33kpc (assuming 71kms?, Q,, =
0.27 and2,,c = 0.73). The bright hotspots are separated by 2.6 arcsec, or a linear size
of 22 kpc which means the hotspots may be just within the envelope of the host galaxy
(Spenceetal.1991). Compact steep spectrum sources and compact symmetric objects
appear to show a high incidence of HI absorption (Conway 1996). High resolution
radio observations of 3C 190 suggest one-sided jet-like structure towards the south-
west of the core (Spencet al. 1991). The large scale jet in this direction is also
brighter. The core is self-absorbed at 608 MHz (Nan Rendzingl. 1991). There
appears to be significant bending between the milli-arcsec scale jet and the kpc scale
jet. The milli-arcsec scale jet is directed towards the west (Haigth 2002), while
on larger scales the jet has bent towards south-west ending with multiple hotspots.
The diffuse lobe in this direction is further towards south-wesfl..5 arcsegand also
misaligned (Spenceat al. 1991). This is suggestive of the presence of a dense inter
stellar medium (ISM) causing the jet to bend. Recent detailed optical spectroscopy of
this object showed narrow [O 1], [Ne Ill] and C Ill] emission lines, which provide
a redshift of 119464 0.0005 (Stockton & Ridgway 2001). In addition, Mg I, Fe Il
and strong Mg Il absorption has also been detected, but at a slightly higher redshift of
1.19565+0.00004, corresponding to an infall velocity of 145 ki@ the quasar frame
(Stockton & Ridgway 2001). We adopt the redshift 019464 0.0005 determined
from narrow emission lines as the systemic redshift of the quasar. Its optical to infra-
red continuum falls steeply, causing it to be classified as a “red” quasar (Simpson
& Rawlings 2000; Smith & Spinrad 1980). The presence of strong Mg Il absorption
close to the systemic redshift suggests the presence of intervening gas and dust, which
may also be responsible for reddening the quasar spectrum and causing the bending
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of radio jets. A higher chance of detection of HI 21 cm-line absorption from 3C 190
was foreseen due to two factors: (i) it is a CSS radio source. Associated optical/UV
absorption is most common in CSS quasars among radio-loud quasars éBaker
2002), and CSS also shows a higher chance of detecting HI 21 cm-line absorption
(Conway 1996), (i) it is also a “red” quasar which again shows a higher chance of
detecting HI 21 cm-line absorption (C98).

In this paper, we report the detection of HI 21 cm-line absorption from the red quasar
3C 190, which is blue-shifted with respect to the systemic redshift. In section 2 obser-
vations and results are presented. The HI 21 cm-line absorption detected in 3C 190 is
discussed in section 3. Conclusions are presented in section 4.

2. Observations and results

The observations were carried out using the Giant Meterwave Radio Telescope
(GMRT) during September 2001. The first set of observations adopted a bandwidth
of 4MHz centered at 647.5MHz. Subsequently, two sets of observations each with a
bandwidth of 8MHz centered at 646.7 MHz and 648.7 MHz were repeated to confirm
the detection from the first set of observations. The integration time on source was
~ 3hr in each set of observations. The velocity resolutions we29kms?* and

~ 145kms™! for bandwidths of 8 MHz and 4 MHz respectively. The flux densities
were estimated by observing the standard primary calibrators 3C 286 or 3C 48. The
bandpass calibrators 3C 48, 3C 147 and 3C 286 were observed at the beginning as
well as at the end of the observation in order to check for bandpass stability with time.
Phase calibrators were observed for 10 minutes every 30 minutes.

The data obtained from the GMRT were converted to FITS and analysed using the
Astronomical Image Processing System (AIPS) following standard procedures. About
20 line-free channels were collapsed to obtain a continuum image. A few iterations
of phase-only self-calibration were performed followed by amplitude and phase self-
calibration. These calibrations were then applied to the spectral line data. The con-
tinuum flux density of 3C 190 at 647 MHz is 5.69 Jy. The continuum flux density for
subtracting from the spectral data was obtained by averaging several line-free chan-
nels. The final spectral cube was made from this continuum subtracted data.

Initially, individual spectra were obtained from the two 8 and one 4 MHz observa-
tions to check for consistency. The individual spectra were then averaged to obtain
the final spectrum which is presented in Fig. 1. The systemic redshift and the relative
velocity of the associated optical absorption system (Stockton & Ridgway 2001) are
marked in Fig. 1. The RMS noise in the averaged spectrum2snJy/beam/channel.

We have used the standard GIPSY package to fit Gaussians to the observed spectra.
A minimum of 5Gaussians were required to minimise the residuals. The estimated
parameters of the fit are given in Table 1.

The most interesting finding from our observations is that most of the HI 21 cm-line
absorption in 3C 190 is blue-shifted with respect to the systemic redshift (Fig. 1). The
peak of the absorption occurs at a velocity-f10 kms*, but the overall absorption
is very broad, extending from400kms* to +200kms™. The velocity uncertainties
in systemic redshift is 68kms$ and that of Mg Il absorption system is 5.5kms
The components 1, 2 and 3 are significantly blue-shifted with respect to the systemic
redshift, while component 4 is within the uncertainty in the systemic redshift. Com-
ponent 5 at 127 kms is outside the uncertainty in the Mg Il absorption system and
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Figure 1. TheHlabsorption spectrumtoward the red quasar 3C 190 (indicated by filled squares).
The solid line is the five component Gaussian fit to the data and the dotted lines are the individual
Gaussian components which are numbered. Dashed line is the residual to the fit. The optical depth
was estimated using the peak flux of 5.69 Jy. The systemic redshift is takel@d$3+ 0.0005
obtained from narrow [O 11], [Ne IlI] and C Ill] emission lines, which is indicated as dot-dashed
vertical line at the velocity of 0 kms. Similar vertical line at a velocity of 145 km$corresponds

to the Mg Il absorption. Thick horizontal lines centered at 0 and 145 kimglicates one sigma

range of velocity at systemic redshift and that at Mg Il absorption.

Table 1. Parameters derived from the Gaussian fitting to the optical
depth profile towards 3C 190. Zero velocity corresponds to the systemic
redshift of 1.1946.

Velocity FWHM
Line (kms™1) (kms™) T
Comp1 —2931+28 1151+6.9 0.0047+ 0.0002
Comp 2 —-2102+1.0 668+ 2.2 0.0100+ 0.0003
Comp 3 —1418+22 594+5.0 0.0043+ 0.0003
Comp 4 — 371+£57 1794+ 133 0.0027+ 0.0002
Comp 5 1266+ 4.2 1146 +9.8 0.0029+ 0.0002

the uncertainty in the systemic redshift. The three blue-shifted lines also have larger
optical depths than lines 4 and 5. Component +293kms* has an optical depth

of ~ 0.005 and the second component-&@&10kms* has an optical depth of 0.01.

The optical depth of component 3 is comparable to that of component 1, but FWHM is

nearly half of component 1. Components 2 and 3 have comparable FWHM, but optical
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depth of component 3 is less than half of component 2. The FWHM of fifth compo-

nent is comparable to component 1, with optical depth nearly half. Component 4 is
well within uncertainty in the systemic redshift, and is the broadest of all components
with FWHM of 179kms.

3. Discussion

A few cases of blue-shifted HI 21 cm-line absorption with respect to the systemic
redshift are reported in the literature. A nearby G$S= 0.06393 PKS B1814-63,
exhibits an HI absorption spectrum similar to that seen in 3C 190, viz., a broad shallow
feature and blue-shifted deep absorption (Morgahéil. 2001). A similar absorption
profile is also seen in the radio galaxy 4C 12.50 (Mirabel 1989) where the overall
absorption extends over 900 kmsAnother compact radio galaxy, 3C 459, also shows

HI absorption blue-shifted with respect to systemic redshift, though weaker than PKS
1814-63 (Morgantet al.2001). The authors suggest that the blue-shift could be due to
outflow, possibly associated with the jet/lobes, and the shallow component seen at the
systemic redshift is due to a circumnuclear disk. Significantly blue-shifted HI 21 cm-
line absorption has also been seenin several Seyfert galaxies. In IC 5063, the HI 21 cm-
line absorption is blue-shifted by more than 600 kmgDosterlooet al. 2000) with
respect to the systemic redshift. They suggest that the HI 21 cm-line absorption could
be occurring from the gas which has been shocked by the western radio jet. The
moderate blue-shift of HI 21 cm-line absorption observed in NGC 1068 and NGC 3079
is suggested to be due to neutral gas participating in the outflow (Gallehard 994).

In the case of 3C 190, the striking aspect is that the HI 21 cm-line absorption is
broad and complex and most of the absorption is blue-shifted with respect to systemic
redshift (Fig. 1). The total velocity extent is about 600 kmsThe absorption is not
againstthe core because the core is self-absorbed at this frequency. The flux limit for the
core is< 4mJy (Nan Rendonegt al. 1991), whereas the absorbed flux is up to 70 mJy.

In the current observations, 3C 190 remains unresolved. In the arcsec resolution map
of 3C 190, there are two hotspots in the south-west direction, and are brighter than the
north-east hotspot (Spencetral. 1991). The fluxes of individual hotspots are about

a Jy and more at 608 MHz (Nan Rendoetgal. 1991). The total projected extent of
hotspots in the south-west and north-east is about 22 kpc, hence these hotspots may lie
within the envelope of the host galaxy environment. At this linear scale, there is also
evidence for diffuse radio emission (Pearsbml. 1985) which is mostly north of the

radio core. Significant HI 21 cm-line absorption can occur against one or all of these.
The diffuse lobe in the south west is further away (1.5arcsec) from bright hotspots
(Pearsoret al. 1985), and may lie outside the host galaxy, hence it is less likely to
expect HI 21 cm-line absorption against this diffuse lobe.

Even though it is not possible to say which absorption-line is towards which radio
component, we can draw indirect conclusions from the known radio and optical mor-
phologies and properties. From the radio image at arc-sec resolution, we see that
the south-west diffuse lobe and the farthest hotspot in this direction are mis-aligned
(Spencert al. 1991). The immediate surroundings of 3C 190 have been studied in
imaging as well as in spectroscopy in great detail using HST and Keck (Stockton &
Ridgway 2001). The most interesting feature revealed from the HST observations is a
linear knotty optical filament along north-west, very close to the quasar and overlap-
ping (in projection) with the south-west hotspot. Spectroscopy of the linear filament
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reveals interesting features. The [O 1] line profile clearly divides into low velocity
dispersion§¢ ~ 40kms 1) and high velocity dispersior(~ 200 kms 1) groups. The
higher velocity dispersion indicates that the gas might have been shocked in some way
by the interaction with the jet thereby increasing the turbulent velocity in this region
significantly. In the radio map also, there is evidence for jet bending in this region
(Stockton & Ridgway 2001), which indicates the presence of a dense medium.

Thus it appears that the overall environment under which the HI 21 cm-line absorp-
tion is occurring in 3C 190 appears to be similar to that of IC 5063, where neutral
gas has been shocked by the radio jet. Velocities up to 500kare expected from
shocks (Dopita & Sutherland 1995). Due to shocks, the neutral gas could acquire sig-
nificant bulk motion but the internal velocities might not increase significantly. Such
clouds could produce reasonably narrow lines (FWHMOO kms™* or less), but sig-
nificantly blue-shifted, such as the lines 1, 2 and 3 in 3C 190 (Table 1), where the
FWHM is 115, 67 and 59kms respectively, but are blue-shifted by 293, 210 and
142 kms* with respect to the systemic redshift.

The optical linear filament which shows high velocity dispersion gas overlaps (in
projection) with the south-west hotspot (Stockton & Ridgway 2001). This is suggestive
of interaction of the jet with the dense ambient medium responsible for changing the
direction of the jet. Thus we can expect that the three blue-shifted absorption-lines
(1, 2 and 3) in 3C 190 could be arising from this region. Only one of the absorption-
line component (component 4) in 3C 190 is very broad (FWHM of 179#nJ his
component is well within the uncertainty in the systemic redshift and could be due to
more turbulent gas near the region of interaction of radio jet with the ambient medium.
Thus, we suggest thatlines 1, 2, 3and 4 are likely to be against the south-west hotspots.
The fifth line has a velocity of 127 km$, which is outside the uncertainty of Mg Il
absorption system and the uncertainty in the systemic redshift. Since the FWHM of
this line is not too narrow (115kms), it could be from the ISM of the host galaxy.

4. Conclusions

We have reported the GMRT detection of HI 21 cm-line absorption in thel.1946

red quasar 3C 190. The absorption, with peak &47.7 MHz, is broad and complex,
spanning a velocity width of 600 kms . Most of the absorption is blue-shifted with
respect to the systemic redshift. 3C 190 is unresolved with the present observations.
Since the core is self-absorbed at this frequency the absorption must be towards the
hotspots. Comparison of the radio and deep optical images reveals linear filaments in
the optical which overlap with the brighter radio jet in the south-west direction. We
therefore suggest that the blue-shifted HI 21 cm-line absorption could be occurring in
the atomic gas shocked by the south-west jet.
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