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ABSTRACT

We have identi�ed a large (� 200h�175 kpc), powerful double radio source whose host galaxy is
clearly a disk and most likely a spiral. This FR I-like radio galaxy is located very near the center
of the Richness Class 0 cluster Abell 428. The existence of such an object violates a fundamental
paradigm for radio loud AGN's. In paper I (Ledlow,Owen, & Keel,1998,ApJ,495,227), we showed
that this object was most consistent with a spiral host classi�cation with optical emission-line
ratios and colors suggestive of an active nucleus. However, we were not able to con�rm actual
radio jet emission based on the maps available at that time. In this paper, we present new,
higher resolution radio imaging, a radio/mm continuum spectrum for the nucleus, a detection of
HI absorption against the bright radio core, an upper-limit to CO emission and the gas mass, and
70 (68 new) optical redshifts measured in the direction of Abell 428. We con�rm the existence of
a radio jet at 20cm, extending 42h�175 into the southern lobe. At 3.6cm, we also detect a nuclear
jet similar in length to that in M87, although 10 times weaker. We believe that this is the �rst
detection of a radio jet on these scales in a disk/spiral host galaxy. The nuclear radio spectrum
is similar to many blazar or QSO like objects, suggesting that the galaxy harbors an imbedded
and obscured AGN. We model a turnover in the spectrum at low frequencies as a result of Free-
Free absorption. We detect very strong and narrow HI absorption, with nearly the entire 20 cm
continuum ux of the core being absorbed, implying an unusually large optical depth (� � 1).
The most consistent model is that we are viewing the nucleus through a disk-like distribution
of gas in the ISM, possibly through a spiral arm or a warp to account for the above average
column density. From the radial velocity distribution, we �nd that Abell 428 is in fact made up
of at least 2 clumps of galaxies separated by � 3300 km sec�1, which themselves appear to be
imbedded in a nearly continuous distribution of galaxies over 13000 km sec�1in velocity space.
Thus, the environment around this unusual radio source is more like that of a poor galaxy group
imbedded in a �lament-like structure viewed end-on.
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1. Introduction

It has been a standard paradigm and accepted
fact for some time that giant double-lobed, jet-
fed radio sources (Fanaro� & Riley types I or II;
Fanaro� & Riley (1974)) are hosted by ellipti-
cal galaxies or distorted versions thereof (i.e.such
as merger remnants). The reasons for such a
strong correlation between the AGN phenomena
and galaxy type has been interpreted as telling
us something about the central engine and black
holes in di�erent hosts. Alternatively (or addition-
ally), the strong morphological correlation may be
related to the fragile jets being disrupted by the
dense, rich ISM in spiral galaxies. The fact that
nuclear jets are a common feature in Seyfert galax-
ies is a strong argument for the latter (Baum et
al. 1993).

While there have been a number of possi-
ble counterexamples to the elliptical/spiral di-
chotomy, they have all turned out to be either
source misidenti�cations or gas-rich merger prod-
ucts more consistent with an elliptical or bulge-
dominated host to the imbedded AGN (such as
3C305, Heckman et al. (1985)). However, in Pa-
per I (Ledlow, Owen, & Keel 1998), we presented
the discovery of 0313-192 in Abell 428, which ap-
pears to be the �rst con�rmed case of a pow-
erful (logP20cm = 23:95 W Hz�1) double radio
source in a clearly disk-dominated host. This ob-
ject was found from a radio survey of more than
500 Abell clusters (Owen & Ledlow (1997), and
references therein). From additional optical and
NIR observations, the galaxy appears to contain
a Seyfert or narrow-line AGN. The intrinsic lu-
minosity, however, is not known due to possibly
signi�cant line-of-sight reddening as the galaxy
is seen nearly edge-on. Evidence supporting the
spiral classi�cation includes a measured rotation
curve from both O[III] and H�, a dust-lane bisect-
ing the inner bulge, structure suggestive of spiral
(or ring-like) structure from deep B-band imaging,
surface-brightness pro�le decomposition showing
a very strong disk component, and a nearly perfect
agreement with the predicted B-band Tully-Fisher
relation for a Sa-Sb type galaxy. In addition to a
probable imbedded AGN, the emission-line ratios
in the disk are consistent with typical disk HII
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regions excited by OB stars. And interestingly,
0313-192 appears not to be involved in any type
of merging event.

Aside from being intrinsically interesting in it-
self, 0313-192 o�ers a potential testbed for un-
derstanding the whole issue of why spirals gener-
ally do not produce powerful jets and double radio
sources, which could have an impact on blackhole,
jets, and AGN physics from many di�erent an-
gles. While all available evidence would seem to
suggest a spiral classi�cation for the host galaxy
and an FR I-like radio source, Ledlow, Owen, &
Keel (1998) were unable to con�rm the presence
of extended, large-scale jet emission in 0313-192.
With the goal of looking for both the inferred jets
and additional properties which might explain the
peculiar nature of this object, we have reobserved
0313-192 with the VLA at both higher resolution
and sensitivity. In this paper we report the re-
sults of these observations as well as a search for
HI and CO (sections 2.1-2.3), a radio continuum
spectrum of the nucleus ( section 2.4), and multi-
�ber spectroscopic observations of the cluster �eld
to understand the properties of the external en-
vironment (section 3). We discuss the nature of
this source as gleaned from these observations in
section 4, and summarize with our conclusions in
section 5.

2. Radio Observations

2.1. VLA Imaging

We reproduce the VLA image and optical (R-
band) overlay of 0313-192 from Ledlow, Owen, &
Keel (1998) and Owen & Ledlow (1997) in Fig-
ure 1. This image was produced from VLA snap-
shots in both the B and C-arrays, with a resultant
beam of 12:100 � 9:900 at PA=-1.9Æ. The two lobes
extend � 100 h�175 kpc both north and south of
the galaxy. We measure a total ux density of
98 mJy on this map, nearly half (48 mJy) origi-
nates in the unresolved core. The northern radio
lobe measures 32 mJy, the southern lobe 18 mJy.
From both the morphology and the measured ra-
dio power (logP20cm = 23:95 W Hz�1), we clas-
sify 0313-192 as a FR I radio galaxy. The mor-
phology is very similar to the \fat-double" class.
The host galaxy is nearly the faintest radio source
in our complete survey of Abell clusters (Ledlow
& Owen 1996), and the only one consistent with
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a spiral/disk morphology. While at this resolu-
tion we do not detect actual jet emission, the na-
ture of the radio morphology would certainly im-
ply the existence of jets as a necessary mechanism
for �lling the large-scale lobes. We can rule out
star formation as the origin of the radio emis-
sion based on the radio/FIR relation and q-value
(Helou, Soifer, & Rowan-Robinson 1985). Ledlow,
Owen, & Keel (1998) found q � 0:72 (as compared
to < q >= 2:27 � 0:20 for star formation). The
optical and radio cores align to better than 100.

We report new VLA observations from 4,5
November 1996 in the A con�guration. We ob-
served 0313-192 for 4.3 hours at 3.6 cm (X-band)
using the continuum correlator and a 50 MHz
bandwidth, and for 4.3 hours at 20cm (L-band)
with the spectral-line correlator (4IF mode; 7
channels at 3.125 MHZ with 2 IF's and 2 polar-
izations), with a total e�ective bandwidth of 43.7
MHz over each IF sideband. The 1� noise-level
on the maps are 13 �Jy and 24 �Jy at 3.6 and
20 cm respectively. We used the source 0432+416
(8.6 Jy at 20cm) as the bandpass calibrator. The
resultant beams are 2:900 � 1:700 at PA=-6.1Æ at
20cm and 0:300 � 0:200 at PA=3.2Æ at 3.6cm. We
also observed 0313-192 on 11 October 1997 in the
hybrid DnC con�guration at 20cm with resolution
� 28 arcsec. Total on-source integration was �
2 hours. The observations were once again made
in the 4IF spectral-line mode in order to mini-
mize bandwidth smearing and to allow for easier
removal of interference. The 1� RMS noise on
the map is 36 �Jy. In all cases we used 3C48
as the primary ux calibrator. All datasets were
CLEANed and self-calibrated using the AIPS (As-
tronomical Imaging Processing System) software
package.

In Figure 2 we show the low-resolution 20cm
image of 0313-192 from the DnC con�guration.
The image is tapered to a beam-size of 4600�3700 in
order to bring out the low surface brightness emis-
sion in the lobes. In comparison to Figure 1, we ac-
tually see that the lobes are likely more extended
than previously thought. From the map in Figure
2, we estimate a size of � 328h�175 kpc (281 arc-
sec), extending from a declination of �19Æ 040 0900

to �19Æ 080 5500. We measure an integrated ux-
density of 106 mJy from this image (as compared
to 98 mJy from the map in Fig 1), corresponding
to a radio power of logP20cm = 23:98 W Hz�1.

At this radio power, 0313-192 is actually sub-
stantially bigger (by a factor of 3) than predicted
from the Power-Size diagram for both cluster and
non-cluster radio galaxies (Ledlow, Owen, & Eilek
2000). In the radio-optical luminosity plane, 0313-
192 lies exactly on the dividing line between FR I
and FR II sources, and hence at the upper-extreme
of FR I properties for the host luminosity.

We show the A-array high-resolution maps in
Figures 3 and 4. In Figure 3, we show the 3.6cm
image, indicating clear evidence for a nuclear jet
oriented 143Æ to the SW (measured North to
West). The jet is 1.600 in length measured from
the core to hot-spot, or � 1.9h�175 kpc. At �
0.300/beam, our resolution is �316 pc. We esti-
mate a ux-density for the jet of 729 �Jy at 3.6cm
corresponding to logP3:6cm = 21:82W Hz�1. This
jet is nearly identical in length to the M87 jet, al-
though it is � 10 times fainter (Owen, Hardee, &
Cornwell 1989; Meisenheimer 1999). While nu-
clear jets are frequently seen in Seyfert galaxy
samples (spiral hosts), the size of these jets are
nearly always much smaller than seen in 0313-192,
typically of order pc to hundreds of pc (Kukula et
al. 1999, 1995; Ulvestad, Antonucci, & Goodrich
1995). Thus, even on the kpc-scale, 0313-192 ap-
pears unlike the typical radio source found in an
AGN/spiral-host.

In Figure 4, we show the 20cm A-array image
in grey-scale. While the lobe emission is mostly
resolved out, the main feature in this image is
the jet and hot-spots. Measured from the core to
the hot-spot in the southern lobe, the jet extends
3600or 42h�175 kpc in length! The distance from the
core to the nearest hot-spot is 12.700 or 14.8h�175

kpc. We estimate a total integrated ux-density
of 3.7 mJy (including the hot-spot at the end of
the jet in the southern lobe), or logP jet

20cm = 22:5
W Hz�1. If one were to connect back to the nu-
clear jet seen in the 3.6cm image, it appears that
the jet bends, or changes its position angle from
143Æ to 154Æ at the middle hot-spot to 167Æ at the
hot-spot within the southern lobe. There is an-
other, fainter knot within the jet at 2300 or � 27
kpc from the core. We see no evidence for a jet
to the north to the limit of our sensitivity. The
detection of this large-scale jet/lobe morphology
unambiguously con�rms our classi�cation of this
object as an FR I radio galaxy, and makes 0313-
192 unique in this regard because it is found in a

3



spiral/disk host galaxy.

2.2. HI Absorption

We obtained an HI aperture synthesis observa-
tion of 0313-192 with the VLA in the D con�gura-
tion on 24 October 1997. Only 19 antennas were
available for the observations. 3C 48 was observed
as the primary ux calibrator, and 0237-233 (6.5
Jy) was observed approximately every 45 minutes
for the bandpass calibration as well as for short
term gain and phase calibration. The 64 spectral
channels span a 3.125 MHz bandpass centered at
VHelio = 20100 km sec�1, with a spectral reso-
lution of 48.8 kHz (11.2 km sec�1channels and a
total bandwidth of 717 km sec�1.). We observed
0313-192 for 130 minutes, producing a synthesized
beam of 5100�3200 at PA=-66Æ. The RMS noise of
the spectrum is 1.2 mJy beam�1. The data were
calibrated and imaged using standard reduction
procedures in AIPS.

The HI spectrum is shown in Figure 5 at four
separate positions, with (0,0) being the position of
the radio core. Three other spectra are included
for comparison. The (+810,+180) spectrum (top)
is for a 13.4 mJy unresolved continuum source
at an o�set position of +81000 in RA and +18000

in DEC. This spectrum demonstrates the atness
of the bandpass. The other two o�set positions
are roughly along the radio jet, with continuum
ux densities of 18.6 mJy beam�1 and 10.0 mJy
beam�1 for the North and South o�sets respec-
tively. The non-detection of optically thick HI ab-
sorption at the o�set positions sets an upper-limit
to the size or extent of the absorber along the di-
rection of the jet (i.e., we are not looking through
an extended halo of HI gas).

The peak absorption occurs at v = 20106 km
sec�1, at a depth of 34.0�1.2 mJy beam�1 below
the continuum. Thus, nearly the entire 20cm core
continuum ux (� 35.1 mJy - see x2.3) is absorbed.
The FWHM of the line is only 34 km sec�1 with
a measured equivalent width of 32 km sec�1. The
apparent optical depth for this narrow absorption
feature is then � = 0:98�0:06. Since the peak ab-
sorption occurs in a single channel, it seems likely
that the actual � is even larger. We convert the
optical depth to an HI column density from the
relation

NHI = 1:82� 1018 TS

�
1

f

�
� �V cm�2 (1)

where TS is the electron spin temperature, f is the
fraction of the continuum source covered by the
absorber, and �V is the velocity width (we use
the FWHM = 34 km sec�1). The narrow width
suggests that the gas is cold (based on kinemat-
ics). In high density regions, TS approaches the
kinetic temperature (TK). In the radiation �eld of
an AGN, irradiated clouds can have a much higher
TS , which may suppress HI absorption from an ob-
scuring torus (Gallimore et al. 1999). However, HI
studies in general are most sensitive to the coldest
regions of clouds which have the highest densities.
With typical narrow-line conditions the high den-
sity results in a collisionally dominated gas which
drives TS ! TK . Thus, TS � 100K appears to
hold up under a broad range of conditions (Mal-
oney, Hollenbach, & Tielens 1996). It is of course
possible that the HI absorption originates in a
warmer atomic medium in the AGN environment,
in which case TK and TS might approach several
thousand Kelvin before hydrogen is signi�cantly
ionized (Gallimore et al. 1999). Thus, TS = 100
K provides a lower-limit to the true HI column.
With these values we estimate NHI = 6:0 � 1021

cm�2. One �nds nearly the same value considering
the absorption only in a single channel (�V=11
km sec�1, but with an apparent optical depth of
� � 3!). As we are limited in both spatial and
velocity resolution, the observed narrow feature
would suggest that the actual column density is
likely much higher (> 1022 cm�2). Note, that this
places 0313-192 at the upper extreme of observed
column densities in Seyfert galaxy samples. The
apparent optical depth is nearly unprecedented.

Optical depths � 1 are very rarely seen in gen-
eral, which may make 0313-192 somewhat unique
in yet another respect. While higher resolution
is clearly needed, these results suggest that the
absorbing gas has to be of high density, and/or
we are privileged to have a sight line through the
disk which maximizes the amount of absorbing
gas. The small line width also suggests we are
looking at dynamically cold gas. The line width
in particular places fairly strict limits on the loca-
tion of the gas relative to the nucleus because of
the depth of the potential and the radius probed
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by the absorption. The HI absorption properties
of 0313-192 bears some resemblance to the model
for MRK 6 from Gallimore et al. (1999) { a disk-
like distribution of cold gas seen against a bright
radio core. The majority of HI absorption systems
associated with AGN hosts show line widths in ex-
cess of 50 km sec�1because the absorption occurs
fairly close to the nuclear region, and also because
the line-of-sight passes through a large range in
radius (and corresponding velocity gradient). The
much narrower width we see for 0313-192 would
suggest we are not looking at gas close to the nu-
cleus, but rather gas originating in the ISM. The
HI spectrum of 0313-192 is remarkably similar to
that seen for Sgr A�, �V � 40 � 60 km sec�1

(Liszt, Burton, & van der Hulst 1985; Falcke et
al. 1998), despite the di�erence in galaxy inclina-
tion (i � 80�85Æ for 0313-192). With our present
spatial resolution it is diÆcult to know precisely
the origin and location of the absorbing media.
The high optical depth and column density argue
that we might be looking through a spiral arm fea-
ture or a warp, that would increase the amount of
line-of-sight absorption over a typical location in
the disk viewed from this angle. Alternatively, we
could be looking through a dense cloud. Dickey et
al. (1983) �nd a number of line-of-sight positions
through the galactic plane at � 10Æ with equiv-
alently high column densities. Thus, we may be
looking through the ISM of a fairly normal spi-
ral galaxy not unlike our own. If there are any
doubts as to the optical morphology of the host
galaxy, these observations would suggest an addi-
tional argument in favor of a spiral host.

2.3. CO Observations

An aperture synthesis CO observations of 0313-
192 was carried out with the Owens Valley Mil-
limeter Array (OVRO) on 26 May, 1997. There
were six 10.4 m diameter telescopes in the array,
providing a �eld of view of about 6500 (FWHM)
at 108 GHz. The telescopes are equipped with
SIS receivers cooled to 4 K, and the typical sin-
gle sideband system temperature was about 350
K. Baselines of 15-115 m E-W and 30-80 m N-
S were used, and the robust-weighted data after
6 hours of observations resulted in a synthesized
beam of 3:900 � 7:900 (PA = �4Æ). A digital corre-
lator con�gured with 120� 4 MHz channels (11.1
km sec�1) covered a total velocity range of 1330

km sec�1. Uranus (TB = 120 K) was observed for
the absolute ux calibration, and nearby quasar
0346�279 (0.92 Jy) was observed at 20 minute
intervals to track the phase and short term in-
strument gain. The data were calibrated using
the standard OVRO program MMA (Scoville et
al. 1993) and were mapped an analyzed using the
imaging programDIFMAP (Shepherd, Pearson, &
Taylor 1994) and AIPS. The uncertainty in abso-
lute ux calibration is about 15%.

A plot of the CO spectrum is shown in Figure
6. No absorption is seen at the level of the noise,
which is 15 mJy/beam in each of the 8 MHz (22.2
km sec�1; covering two 4 MHz channels) channel
maps. This sets a 3� lower limit on the line to con-
tinuum ratio of � 0:7, or a maximum opacity of
1.2 for the CO line. Invoking a weak LTE approx-
imation, an upper limit to the H2 column density
can be derived using Eq. 6 in Wiklind & Combes
(1997). If the CO line width is the same as HI (34
km sec�1), then a limiting H2 column density of
5 � 1019 cm�2 is derived for Ts = 10 K and CO
abundance of 10�4. This limit is nearly two orders
of magnitudes smaller than the derived HI column
density, and the simple inference is that the ab-
sorbing gas is nearly entirely atomic in nature; an
unexpected result for the central region of a disk
galaxy. This discrepancy can be reduced some-
what if the Ts for the HI and the CO abundance
are both signi�cantly lower than assumed values,
but this would be unusual for the ISM found in
the central kpc disk of a late type galaxy. Alter-
natively, a di�erence in the source-absorber geom-
etry may o�er a plausible explanation, meaning
that the atomic and molecular gas would need to
have di�erent spatial distributions. Perhaps the
proximity to the central AGN along a fortuitous
line of sight is giving us a biased sampling of a
more extended gas distribution in the disk.

In order to examine the spectrum for a possi-
ble broad CO emission feature, we summed the
spectrum over 16 channels (64 MHz or 178 km
sec�1per channel). No CO emission feature is
detected at any signi�cant level, however, and
a 3� upper limit of MH2

� 4:5 � 109 M� is
derived assuming a line-width of 355 km sec�1

and using standard CO-H2 conversion. This
limit is comparable to that of the Milky Way
at MH2

= 3:6 � 109 M� (Sanders, Solomon, &
Scoville 1984) and is substantially smaller than
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what is typically found among IR luminous, gas-
rich mergers (MH2

� 1010 M�; see Sanders et
al. 1991). These results coupled with the implied
HI column-density and high optical depth are all
suggestive of looking through a Milky-Way like
ISM nearly edge-on against a bright, unresolved,
obscured radio core.

2.4. Core Properties and Nuclear Spec-

trum

As a result of our 3.6cm observations to de-
tect the inner kpc-scale jet, we also discovered that
the core of 0313-192 was signi�cantly brighter at
3.6cm as compared to 20cm (97 as compared to �
37 mJy). We obtained Target-of-Opportunity ob-
servations with the VLA in early January 1997 in
order to determine the core radio spectrum at 6, 2,
1.3, and 0.7 cm (�5, 15, and 43 GHz). In Figure 7
we show the nuclear continuum spectrum of 0313-
192. The actual ux-densities are given in Table 1.
The 6 points to the left are from the VLA. We also
include two continuum measurements from OVRO
(108 and 95 GHz; 2.8 and 3.1 mm). The points to
the right include the IRAS detections at both 100
and 60�m, 3� upper-limits at 12 and 25�m, and
nuclear magnitudes at 1.25 �m (J) and 2.2 �m (K)
(Ledlow, Owen, & Keel 1998).

Because of the lower resolution of the 20cm ob-
servation, the kpc-scale inner jet (Figure 3) is in-
cluded within the beam, and will bias the estimate
of the core brightness. We have estimated the con-
tribution from the jet at 20cm by scaling the ux-
density at 3.6cm to 20cm assuming a non-thermal
spectrum with � = 0:6 (F� / ���). The peak
intensity at 20cm from the map in Figure 4 is 37.3
mJy. The estimated jet contribution is then � 2.1
mJy. We therefore adopt a value of 35.1 mJy for
the 20cm core ux density. As the spectrum turns
over somewhere between 6 and 20cm, the shape of
the spectrum is important in this region with re-
gards to possible interpretations of the spectrum.

First, we consider only the radio core spectrum
between 1.4 and 43 GHz. The spectrum rises very
slowly with frequency between 4.9 (6cm) and 43
GHz (0.7 cm). A linear �t to the spectrum over
this range in frequency gives a slope of F� / �0:2.
An inverted or nearly at core spectrum is not un-
common in AGN or blazar like hosts with bright
radio cores, and suggests that we are looking at
a very small central source (like that around a

central, supermassive black hole). The turnover
between 4.9 and 1.4 GHz is mostly likely due to
absorption, either free-free or possibly synchrotron
self-absorption. As our spatial resolution is unsuf-
�cient to set a size to the core region, we model the
turnover as due to a free-free absorbing medium
along the line of sight to the compact nucleus. In
this case, the observed core continuum spectrum
should follow:

S� = S0 �
�� e��� (2)

where S0 is the ux density of the nuclear source,
� is the spectral index of the core, and �� is the
frequency dependent optical depth. The optical
depth is related to the emission measure and elec-
tron temperature via

�� = 8:3�10�2 T�1:35
e

�
EM

pc cm�6

� � �

GHz

��2:1
(3)

where EM is the emission-measure of the gas
(EM =

R
n2HII dl), Te is the electron temper-

ature, assumed to be Te = 104 K, and we set
�� = �1 �

�2:1
GHZ . The result of our �t to the radio

spectrum between 1.4 and 43.3 GHz is shown in
Figure 7. We �nd � = �0:18�0:04, �1 = 1:3�0:2
and a 1=e normalization of 62:7 � 6:2 mJy. The
turnover in the spectrum between 4.9 and 1.4 GHz
can therefore be explained by viewing the compact
core through a free-free absorbing medium with
�1:4GHz = 0:6 with EM = 4 � 106 pc cm�6. If
we adopt a galaxy inclination of 80-85Æ (Ledlow
et al. 1996), and assuming the absorbing cloud is
located 100 pc from the mid-plane, we estimate a
radius of 500 pc. From equation (3) we then derive
n2HII L = 1:3�1025 cm�2, giving nHII � 89 cm�3

for L = 500 pc. Once again, these numbers are
very similar to what one would expect looking at
a compact source through a typical spiral disk at
fairly high inclination.

We also include two independent continuum
measurements of the core ux-density near 3 mm
obtained with the OVRO. The continuum mea-
surement is from the analog correlator with 1 GHz
bandwidth. The map has an RMS noise of 2.5
mJy/beam. The continuum source (centered on
the nucleus) is unresolved with a measured inte-
grated ux density of 64:8� 4:2 mJy at 108 GHz.
We had some concerns about the absolute ux cal-

6



ibration at OVRO in April and May 1997 due to
some bad weather (in April 1997) and apparent
de-correlation on the longer baselines. In order to
recon�rm our ux-density measurement, we reob-
served 0313-192 at OVRO in the lowest-resolution
con�guration on 22 April 2000 during excellent
weather. At 95 GHz we con�rm a measurement
of 68 � 3 mJy from a total on-source integration
of 30 minutes. Mars was used as the primary ux
calibrator. This measurement agrees well with the
May 1997 measurement, and we thus believe the
turnover in the spectrum from 43 to 108 GHz is
veri�ed.

What is the nuclear radio-continuum spec-
trum telling us? The low-frequency turnover ap-
pears to be well explained by viewing the central
source through a fairly high column-density, free-
free absorbing medium. With the high-frequency
turnover from 43 to 108 GHz, we may be see-
ing the transition from optically thick radio emis-
sion to optically thin higher frequency emission
(an inner size scale to the optically-thin emis-
sion) in the most compact region of the inner jet.
Spectral turnovers in this region of the spectrum
are commonly seen in at-spectrum radio quasars
and blazars (van Bemmel, Barthel, & Yun 1998;
Bloom et al. 1994; Gear et al. 1994; Ade, Rowan-
Robinson, & Clegg 1976). Multi-epoch observa-
tions at both 1.4 GHz and 108 GHz appear to rule
out any strong variability in the core which might
also explain the apparent turnover.

While the FIR points are far-less reliable, we
can rule out contamination from other sources
within the IRAS beam with some certainty. There
is only one other galaxy within the IRAS beam,
(see Figure 1) and it is not detected in our ra-
dio observations (down to a 3� limit of 72 �Jy
at 20cm or logP20cm � 20:8 W Hz�1). The ap-
parent excess of FIR emission in 0313-192 is sim-
ilar to the FIR/radio spectra of Seyfert galaxies
(Ade, Rowan-Robinson, & Clegg 1976), where the
submm-FIR emission is mostly thermal emission
from dust, heated either by stars or the AGN.
However, without more complete spectral informa-
tion any interpretation is very uncertain. A higher
resolution FIR observation with SIRTF would en-
able us to isolate non-thermal and thermal contri-
butions to the FIR ux.

3. The Environment around 0313-192

3.1. Is Abell 428 a Rich Cluster?

As seen in the previous sections, there is clear
evidence for large-scale jet emission in this ob-
ject, and thus 0313-192 is likely the �rst bona-
�de spiral/disk galaxy with jets observed on phys-
ical scales much larger than the extent of the host
galaxy. One possible reason for the apparent rar-
ity of such objects may be due to the necessity
of a con�ning external medium. As spiral galax-
ies tend to be found in environments with both
lower galaxy and gas densities than ellipticals (the
typical host of FR I radio galaxies), one would
need to �nd a spiral galaxy in an environment
rich enough to support an intragroup/intracluster
gaseous medium (IGM/ICM). While Ponman et
al. (1996) �nd that spiral-rich groups are very of-
ten detected in X-rays, it is unclear what is the
true nature of the emission; related to an actual
di�use component and external gaseous medium,
or rather originating solely from AGN's and the in-
terstellar medium of individual galaxies. Another
possibility is that the di�use gas in spiral-rich en-
vironments is too cool to produce appreciable X-
ray emission (Mulchaey 2000). Spiral-rich groups
tend to have lower velocity dispersions, and corre-
spondingly lower implied virial temperatures, con-
sistent with this possibility (Mulchaey et al. 1996).
In the case of 0313-192, the presence of the large-
scale jets and lobes makes it virtually certain that
some kind of medium must be present.

Of particular interest in Abell 428 is the fact
that the radio source and host galaxy are found
very near (0.05 corrected Abell radii, or 100h�175

kpc) Abell's catalogued position of the cluster cen-
ter. A survey of the galaxy population within
a 45 arcmin �eld from the POSS I indicates a
very high spiral fraction of �50% based strictly
on visual identi�cation of the galaxies. This re-
sult contrasts strongly with Abell's richness counts
(NAbell = 47), which is very nearly a Richness
Class 1 cluster. While Abell 428 has not been
the target of a pointed X-ray observation, we are
able to set a upper-limit of LX(0:5� 2:0 keV ) <
2:4 � 1043 h�275 ergs sec�1 (Ledlow et al. 2000)
within a 500 kpc aperture from the ROSAT All
Sky Survey. Based on the �t given in Ledlow et
al. (2000), at this richness one would expect an av-
erage LX approximately 5 times higher than the
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estimated upper-limit.

In order to understand better the environment
around 0313-192, we observed this cluster with
the MX multi�ber spectrograph and Steward Ob-
servatory's 2.3-m telescope on the nights of 12-14
December 1999. A detailed description of the de-
sign of the MX spectrometer is given by Hill &
Lesser (1986). In brief, the MX spectrograph has
32 �bers available for object targets and another
30 used to obtain a sky spectrum. These observa-
tions were made with the new 2-arcsec �ber set
installed in 1997. The Field-of-View (FOV) of
the instrument is 45 arcmin. The MX �bers are
coupled to the Steward Observatory B&C spectro-
graph with a 1200x800 Loral CCD. We used a 400
line mm�1 grating covering the range 3600-6900�A
with a dispersion of 2.75�A=pixel. We observed
Abell 428 with 5 �ber con�gurations, targeting 115
di�erent objects within the FOV. Heliocentric ve-
locities were determined using the IRAF Fourier
cross-correlation program FXCOR. For templates
we used MX spectra of the galaxies; M31, M32,
NGC 7331, NGC 3379, and the radial velocity
standard stars; HD 90861 (K2 III) and HD 4388
(K3 III). Velocity errors were calculated from the
S/N of the cross-correlation, parameterized by the
Tonry & Davis (1979) R-value. We used the rela-
tionship �V = 487/(1+R) km sec�1, derived from
251 redundant MX observations of cluster galax-
ies (Pinkney et al. 2000). Con�rmation of the red-
shift was checked manually from the spectra, and
we have rejected objects with R < 3 as unreliable.

In Table 2 we report 70 (68 new) redshifts
(given as v = cz) in the direction of this clus-
ter. The velocity �eld is shown graphically in Fig-
ure 8a,b. Clearly there are two primary peaks in
the distribution. Interestingly, there seems to be
nearly continuous velocity coverage from 15000-
28000 km sec�1. Restricting the objects to ve-
locities in this range, we have applied the KMM
algorithm to objectively partition the data into
subgroups (Bird 1993; Davis et al. 1995). Briey,
this algorithm models the velocity distribution as
composed of a user-de�ned number of subgroups,
and applies a mixture-modeling technique to de-
termine the goodness of �t for a number of Gaus-
sian distributions as compared to a single distri-
bution. If multiple groups are detected, the ob-
jects are assigned (with a probability likelihood)
to speci�c group membership. We �nd > 99:99%

probability that two Gaussian distributions are a
better �t than a single distribution. Using the
standard biweight estimators of location and scale:
CBI ; SBI (Beers et al. 1990), two peaks are found
at C1

BI = 20044 and C2
BI = 23336 km sec�1with

scales S1
BI = 347+89

�63 and S2
BI = 298+161

�108 km
sec�1(1� errors are given on the dispersions). The
KMM partitioning �nds a mixing proportion of
57% (24) and 43% (18) respectively for groups 1
and 2 after applying a 3� clipping to the velocities
around each peak.

The measured velocity dispersions for these
groups are nearly identical to the median disper-
sion (295� 31 km sec�1) of a complete sample of
nearby poor galaxy clusters (Ledlow et al. 1996),
suggesting that 0313-192 lives in a much poorer
environment than suggested by Abell's richness es-
timate. Using the LX � �V scaling-law observed
for poor groups; LX / �4V (Mahdavi et al. 1999;
Mulchaey & Zabludo� 1998), we would expect an
LX for Group 1 very near to our estimated upper
limit. Thus, it may not be surprising that it was
not detected. Based on these results Abell 428 is
really a projection of multiple groups and not a
rich cluster.

3.2. Radio Source Con�nement

One of the issues related to �nding any ex-
tended radio source is con�nement. In general,
it is required that the pressure in the external en-
vironment (the intracluster gas) be comparable to
the total pressure (from �elds and particles) in the
radio lobes in order to con�ne the source. Oth-
erwise, the radio plasma will simply expand into
some type of equilibrium, with a subsequent large
decrease in the energy density of the magnetic �eld
and equivalently a large drop in the observed ra-
dio luminosity. The lobes could of course be over-
pressured relative to the external medium, but at
least some external, gaseous environment is be-
lieved necessary in order to maintain the luminos-
ity of such large, extended sources. There appears
to be a trend for radio power to increase with the
X-ray luminosity (LX) of the external gas for ex-
tended FR I radio galaxies, consistent with this
interpretation (Miller et al. 1999).

From the radio map in Figure 1, we have es-
timated B-�elds and total pressures in the radio
lobes assuming equipartition in energy between
particles and �elds. We measure the ux-density
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over one beam area, and assume that the depth
along the line of sight is symmetric to the beam
projected in the plane of the sky. We assumed a
uniform volume �lling factor, transverse magnetic
�elds, and a synchrotron spectrum with upper and
lower cuto� energies of 10 MHz and 100 GHz with
a spectral index � = 0:7 (F� / ���). Mea-
sured from several locations within the lobes we
estimate total (�eld+particle) equipartition pres-
sures of 2 � 5 � 10�13 dynes cm�2. These pres-
sures are exactly in the range of thermal gas pres-
sures (Pth = �kT=�mH = nkT ) estimated from
X-rays for poor groups of galaxies (Doe et al.
1995), and a factor of 10 lower than most rich,
Abell-class clusters because of the di�erence in
the central gas densities. Over the range LX =
1042�43 ergs sec�1, nearly all poor groups have
similar intracluster temperatures of 1 � 2 keV,
and as the LX=�v relationship attens substan-
tially over this range in LX , Most poor groups
have fairly similar gaseous environments over a
large range in �v (�v � 100-400 km sec�1). Thus,
0313-192 is completely consistent with living in a
poor-group environment, however a much deeper
X-ray observation is now needed to quantify this
any further.

3.3. Interpretation of the Velocity Data

Abell 428 appears to be a projection of at least
two systems along the line of sight with velocity
separation 3302 km sec�1. If this velocity di�er-
ence were purely Hubble-ow, this corresponds to
a physical separation of 41.1h�175 Mpc. The nearly
continuous velocity coverage from 15000-28000 km
sec�1, however, may suggest that we are seeing
some type of supercluster or �lament-like struc-
ture.

In Figure 9a-d we show contour maps of the
adaptively-smoothed galaxy positions. Figure 9a
shows the spatial distribution of all galaxies which
were targeted by our observations. This distri-
bution is indicative of the actual galaxy distribu-
tion within the FOV down to our magnitude limit
(� mR = 18:5), and justi�es Abell's classi�cation
of this system as a rich cluster. In Fig 9c,d we
show the spatial distributions of groups 1 (contain-
ing the radio source) and 2, with the location of
0313-192 marked by a cross. While group 1 is ap-
parently richer than Group 2, it is also more com-
pact. The peak galaxy surface-density in group 1

is nearly a factor of 6.5 times higher than group
2. The radio source (vH = 20143 km sec�1) is
o�set 99 km sec�1from the velocity peak and 461
kpc in projection to the SW of the peak in the
galaxy surface-density distribution for this group
(group 1). We see that the distributions are quite
di�erent in both orientation and location. In Fig
9b we show the spatial distribution of all galax-
ies within the 15000-28000 km sec�1range in ve-
locity which are not within 1SBI of one of the
two groups. While the peak is o�set slightly to
the west of group 1, it appears that the objects
with velocities in this range are essentially ran-
domly distributed in the �eld; i.e.a ratio of 9a
and 9b would produce something that is nearly
uniform over the areas in common. While we un-
fortunately do not have complete velocity infor-
mation for a magnitude-limited sample, these ob-
servations suggest that we may be seeing a large
complex of galaxy groups and �eld along our line
of sight which is suggestive of a super structure or
�lament >40 Mpc in size viewed nearly end-on.

We have also examined the velocity data sets
for evidence of substructures, possibly related to
merging, ongoing dynamical activity, or otherwise
unrelaxed conditions. As tests of the entire data
set would undoubtedly �nd substructure because
there is more than one distinct group of galaxies
both spatially and along our line of sight (viewed
in projection), we consider each group separately
for the tests. We applied a number of statistical
tests of the 1D (velocity), 2D (spatial distribu-
tion), and 3D (velocity + spatial) distributions,
which are summarized in Pinkey et al. (1996).

We �nd no evidence of 1D substructure for ei-
ther galaxy group, consistent with the velocity dis-
tributions being essentially Gaussian However, for
Group 1 (which contains the radio source), we do
�nd statistically signi�cant (� 97%) signs of sub-
structure in both 2D and 3D tests. For the 2D
tests, both the � and Lee2D tests were signi�cant
(the �-test at the > 99:99% level). The �-test is a
symmetry test, in that it is sensitive to signi�cant
deviations from mirror symmetry about the clus-
ter center. It is not sensitive to circular asymme-
tries, so the elongation of Group 1 seen in Figure 9
does not explain the result. We interpret the result
as caused by clumpiness in the spatial distribution;
there are signi�cant clumps of galaxies both to the
NE and SW of 0313-192, while 0313-192 has only
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very few galaxies within a few hundred kpc. For
the 3D tests, the Dressler & Shectman (1988) (DS
or �-test) was signi�cant at > 99:99% for group
1 only. The DS-test looks for deviations in the lo-
cal mean velocity and dispersion as compared to
the global mean and dispersion. For group 1, quite
signi�cant substructure is seen both to the NE and
SW (the most signi�cant) of 0313-192, consistent
with the 2D-clumping found from the �-test. Note
that this does not necessarily have to be the case;
the 2D and 3D tests �nd substructure in the same
parts of the cluster only because the clumps in 2D
space have low velocity dispersions, and are sig-
ni�cantly di�erent from the mean of the group.
This picture supports the interpretation that the
galaxies within Group 1 are not dynamically re-
laxed. The fact that the substructures are seen on
the outskirts of the group, both spatially and in
velocity space, would suggest that the group is in
the process of collapsing or merging-together. The
lack of 1D substructure, the low velocity disper-
sion, and the high compactness of Group 1 are all
consistent with this happening more or less along
our line of sight. Interestingly, this result is simi-
lar to our view of the larger-scale structure being
some type of �lament viewed end-on. While it is
not clear to what extent these results are impor-
tant in terms of understanding the unusual radio
source in 0313-192, we note that the position angle
of the radio source appears to point within � 10Æ

of the direction towards the primary (sub)clump
of galaxies to the NE and SW, possibly aligning
along a merger axis, if this interpretation is cor-
rect.

4. Discussion

We have shown that 0313-192 is an unusual,
and in many respects an unique object. One then
wonders as to why only one such radio source has
so far been detected in a spiral galaxy. Is there
something unique about the host galaxy and the
nuclear environment which has allowed a powerful
FR I radio source to form and develop? Is there
something unique about the external environment
around 0313-192? Is it possible that while rare,
there is a population of such objects which have
simply been missed in existing surveys? This last
point certainly seems plausible. In terms of dedi-
cated searches/surveys of radio galaxies, rich clus-
ters have been much more thoroughly studied than

groups or the �eld, and spiral galaxies are not ter-
ribly common in the cores of rich clusters. As we
have shown, Abell 428 should not really be cata-
logued as a rich cluster at all. It is possible that
similar objects might be found from the FIRST
and NVSS surveys, although clearly this would re-
quire optical identi�cations and morphologies for
a very large number of objects. These surveys are
also limited, in that while NVSS has the sensi-
tivity to �nd such objects, the resolution is poor
and only a very nearby object would appear sig-
ni�cantly extended to warrant further inspection.
The FIRST survey has the resolution, however the
surface brightness sensitivity is much lower, and
the extended emission might likely be missed or re-
solved out. Thus, a targeted radio survey of poor
groups, and in particular, spiral-rich groups might
gleam more similar objects.

Our probes of the extra-nuclear environment as
seen in HI absorption and a limit on CO and the
gas mass both strongly suggest that we are look-
ing through an interstellar medium resembling a
typical spiral galaxy like the Milky Way. With
regards to the HI-absorption, the optical-depths
and column-densities inferred are consistent with
this perspective. However, the upper limit to the
CO emission is somewhat surprising. The inferred
gas mass not only precludes 0313-192 resembling
a typical gas-rich merger remnant, but the limit
is suÆciently stringent to require either spatial
segregation of the two phases in the absorbing
medium or an ISM unusually de�cient in molec-
ular gas, which would be unexpected for a the in-
ner region of a spiral galaxy. It is possible, though
unlikely (?) that our line of sight to the nucleus
intercepted a particularly high density cloud or
region of the inner gas distribution (meaning that
we overestimate the inferred gas mass based on
this line of sight), although the extremely narrow
line width is diÆcult to understand in this context.
Thus, there are still several unanswered questions,
although the general picture of a spiral disk and
ISM would appear to be supported by the obser-
vations.

In terms of the nuclear properties, 0313-192
shares many similarities with QSO or Blazar-
like AGN's. The radio luminosity of the core
and at continuum spectrum in particular is very
similar to the typical QSO. However, there are
no other objects in nearby Quasar samples with

10



similar radio morphology. Bahcall et al. (1997)
studied 20 nearby QSO's, 3 with spiral mor-
phology. Two of these (PG 0052+251 and PG
1402+261) are not detected by NVSS or FIRST.
The other source, PG 1309+355 (z=0.184), has a
at-spectrum core (40 mJy at 4.9 GHz and 44 mJy
at 1.4 GHz) �ve times stronger than 0313-192.
However, there is no evidence for more extended
emission or a jet. Boyce et al. (1998); Boyce, Dis-
ney, & Bleaken (1999) studied 19 nearby QSO's,
3 with spiral hosts. Only one of the three (MS
07546+3928, z=0.096) was detected in the radio.
MS 07546+3928 appears to be resolved on the
NVSS, with a total ux-density of 32.4 mJy at 1.4
GHz (logP1:4 = 23:8 W Hz�1). On the FIRST
image, however, the 32.4 mJy NVSS source is re-
solved into two sources (21.2 and 11.2 mJy), 39
arcsec in separation. The weaker of these two
is centered at the position of the QSO. There is
no evidence from the FIRST image of any di�use
emission connecting the two sources. Thus, of
the 39 nearby QSO's studied in these surveys, 6
(15%) have clear spiral hosts. Among these, only
two (5%) are detected in current radio surveys.
This is similar to the expected radio-loud fraction
of optically-selected luminous AGN's.

There are some similarities between 0313-192
and IIIZw2, claimed to be the �rst superluminal
jet found in a spiral/Seyfert galaxy. Brunthaler et
al. (2000) model IIIZw2 as an example of a frus-

trated jet interacting with the dense ISM on the
subpc scale. And, like 0313-192, IIIZw2 exhibits
an inverted core spectrum at low frequencies and
a peak and similarly a high frequency turnover
somewhere between 0.7 and 3mm (43-108 GHz)
range. The radio core in IIIZw2 is however much
brighter and highly variable, brightening by a fac-
tor of 20 within only a 2 year time span (Falcke et
al. 1999). Falcke et al. (1999) model the outburst
spectrum and timescale as being due to shocks and
very compact hotspots. Thus, the central AGN
in IIIZw2 must be instrinsically much more lumi-
nous than in 0313-192 and the extranuclear envi-
ronments possibly very di�erent in order for the
jets to escape to �kpc scales in the latter. While
there is a suggestion of a lobe-like structure 1500to
the SW in IIIZw2 (22 kpc at z=0.089), it is not
clear that there is a direct connection to the subpc
scale jet and the galaxy itself (Kukula et al. 1998).
If they are related, IIIZw2 resides at the upper

envelope of radio source sizes for Seyfert galaxies,
but is still a factor of 10 smaller than 0313-192.

This comparison would suggest that 0313-192
is host to a QSO-like central engine, but that in
itself is not suÆcient to produce extended jet and
lobe emission typical of FR I radio galaxies. Thus,
the extended nature of 0313-192 might still be re-
lated to a set of special circumstances. As pc-
scale jets are frequently seen, even in Seyfert sam-
ples (with signi�cantly lower core uxes than in
0313), the presence of such a large-scale jet would
suggest that both the initial conditions in the jet
and the immediate environment around it might
be somehow di�erent in 0313-192. 0313-192 is
clearly at the upper-end of the radio luminosity
function of typical Seyferts, so should be consid-
ered an extreme case in that regard. Exactly how
rare is 0313-192 is not yet known, and more dedi-
cated search will be necessary in order to �nd for
more examples. Further high-resolution observa-
tions are warranted and will be necessary to probe
the environment within the inner kpc and to ad-
dress these and other questions. Understanding
this object may therefore shed light on the di�er-
ent natures of nuclear activity and perhaps more
fundamentally, will impact our understanding of
AGN uni�cation models in general.

5. Conclusions

From the new observations presented in this pa-
per we make the following conclusions regarding
the nature of the unusual object 0313-192:

1. 0313-192 appears to be the �rst con�rmed
disk/spiral galaxy with �kpc -scale radio
jets and double lobed radio morphology.
The jet would appear to be nearly continu-
ous from sub-kpc to the full extent of � 40
kpc feeding into the southern lobe.

2. The shape of the nuclear radio spectrum
strongly resembles a QSO or Blazar-like ob-
ject, rising towards higher frequencies (in-
verted).

3. The nuclear continuum source is nearly com-
pletely absorbed by HI along our line of
sight. Essentially all of the absorption falls
within a single channel at our resolution
(11 km sec�1, EW of the line is 32 km
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sec�1) and at the systemic velocity of the
galaxy. The implied optical depth is � � 1,
which is nearly unprecedented and is more
extreme than any other observed Seyfert
galaxy. We can rule out an extended halo
of HI, so the HI much be concentrated much
nearer the nucleus, likely in a disk-like dis-
tribution. The inferred column density is
� 6� 1021 cm�2.

4. We place a fairly stringent limit to CO
emission, which gives an upper-limit to the
molecular gas mass nearly two orders of
magnitude less than the derived HI col-
umn density. So, either the absorbing gas is
nearly entirely atomic, or the two phases of
the absorbing material are spatially segre-
gated in this part of the disk (along our line
of sight and in close proximity to the nu-
cleus). Both interpretations are somewhat
diÆcult to understand for the inner region
of a disk galaxy. The limit to the gas mass
based on standardH2=CO conversions is ap-
proximately that of the Milky Way. We can
therefore rule out with some con�dence that
0313-192 is typical of IR Luminous, Gas-
Rich merger remnants, and resembles more
a typical spiral seen nearly edge-on.

5. We model a low-frequency turnover (4.8-
1.4 GHz) in the radio continuum spectrum
as seeing the source through a fairly high
column-density (� 1025 cm�2) Free-Free ab-
sorbing medium. A possible turnover at
higher frequencies (108 GHz) may indicate
that we are seeing the transition between
optically thick/thin emission from the most
compact region of the inner jet.

6. Abell 428 should be reclassi�ed, as the veloc-
ity distribution of galaxies in the �eld can be
characterized by at least 2 groups in velocity
space which overlap in their spatial distribu-
tions. A nearly continuous range of observed
velocities over 13000 km sec�1coupled with
the spatial distributions of the clumps sug-
gests that we are looking down a fairly exten-
sive �lament-like structure of order 40 Mpc
in extent. 0313-192 lives in the richer and
more compact of the two groups, although
does not appear to reside at the dynamical
center of its parent group.
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from NASA grant NAG5-6739. We thank the
referee, S. Antonucci, for posing several questions
which have improved the discussion in the paper.
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A428 - 0313-192

Grey scale flux range=   -20.0   150.0         
Peak contour flux =  4.8881E-02 JY/BEAM 
Levs =  3.6000E-04 * (  -1.00, 1.000, 2.000,
 3.000, 5.000, 8.000, 13.00, 21.00, 34.00,
 55.00, 89.00, 137.0)
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Fig. 1.| Radio (20cm)/Optical (R-band) overlay
for 0313-192. The beam-size is 12:100 � 9:900 at a
position angle of -1.9Æ. The RMS noise on the
radio map is � 0.1 mJy. From Ledlow, Owen, &
Keel (1998).

0313-192 - DnC Config, 20cm

Cont peak flux =  5.5317E-02 JY/BEAM 
Levs = 5.600E-05 * (-3, 3, 5, 8, 13, 21, 34, 55,
89, 144, 233, 377, 610, 910)
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Fig. 2.| Low-resolution 20cm image of 0313-192
from the DnC con�guration. This image is a ta-
pered map with a resolution of 46:400 � 37:100 at
� = �82:6Æ. We estimate the source extent at
328h�175 kpc from this map. The RMS noise is
34.8 mJy beam�1.
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0313-192, 3.6cm A-Array

Cont peak flux =  9.4466E-02 JY/BEAM 
Levs = 1.200E-05 * (-3, 3, 5, 8, 13, 21, 34, 55,
89, 144, 233, 377, 610, 987, 1597, 2584, 4181, 6765,
7866)
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Fig. 3.| High-resolution 3.6cm image made in
the A-array. The beam-size is 0:3400�0:1900 at � =
3:2Æ. The � 1.600(or 1.9 kpc) extension to the SW
is the nuclear jet. The other features surrounding
the core are artifacts of the deconvolution.

0313-192, 20cm A-Array

Grey scale flux range= -75.0 150.0 MicroJY/BEAM
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Fig. 4.| A-array 20cm image of 0313-192 at a
resolution of 2:8900 � 1:6900 at theta = �6:1Æ. We
detect a jet with core to outer hot-spot length of �
41 kpc. Note the multiple knots along the jet, and
an apparent change in the position angle of � 24Æ

from the nuclear jet in Figure 3 to the large-scale
jet seen here.
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Fig. 5.| HI spectrum for 0313-192. The top spec-
trum is that of an unresolved 13.4 mJy continuum
source o�set +81000and +18000in RA and DEC re-
spectively, and shows the atness of the bandpass.
The other spectrum are from positions o�set along
the radio jet. HI absorption is only seen against
the nucleus, and is very narrow; FWHM = 34 km
sec�1, ruling out a large, di�use HI halo.

Fig. 6.| CO 1 ! 0 spectrum of 0313-192 from
OVRO. No absorption is seen at the level of the
noise, which is 15 mJy/beam in each of the 8 MHz
(22.2 km sec�1; covering two 4 MHz channels)
channel maps.
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Fig. 7.| Continuum core spectrum for 0313-192.
Data points are listed in Table 1. The 1.4-43.3
GHz points are from the VLA. Two points near
108 GHz are from OVRO. We also show IRAS
detections at 100 and 60�m, 3� upper-limits at 25
and 12�m, and J and K-band nuclear magnitudes
from (Ledlow et al. 1996).
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Fig. 8.| Velocity histograms for the Abell 428
�eld. (A) top: velocity data for the 70 measured
redshifts in Table 2. (B) bottom: velocities in
the range 15000 � vH � 28000 km sec�1. There
are two primary groups separated by � 3300 km
sec�1. 0313-192 is at a velocity of 20143 km sec�1.
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ALL OBSERVED OBJECTS

Cont peak flux =  4.6242E-01 GAL/SQAM
Levs = 1.000E+00 * (0.008, 0.053, 0.098, 0.143,
0.188, 0.233, 0.278, 0.323, 0.368, 0.413, 0.458)
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Fig. 9.| Adaptively-smoothed contour maps of
the optical galaxy positions. Contour levels are
in units of Galaxies arcmin�2. (A) top-left: All
objects targeted by our observations. This dis-
tribution should be reective of the true galaxy
distribution within this �eld to � mR = 18:5. (B)
top-right: All galaxies with measured velocities
between 15000-28000 which are not within 1� of
the group 1 and 2 velocities. This distribution rep-
resents the � continuous velocity continuity seen
in Fig 8b. (C) bottom-left: the spatial distribution
for Group 1 (which includes 0313-192). The cross
marks the location of 0313-192. (D) bottom-right:
the spatial distribution of Group 2.

18



Table 1

Core Spectrum

Frequency Wavelength Flux-Density
(GHz) (mJy)

1.4a 20 cm 35.1�0.1
4.9 6 cm 77�4
8.5 3.6 cm 97�5
14.9 2 cm 98�5
22.5 1.3 cm 109�5
43.3 0.7 cm 124�12
95.3 3.2 mm 68�3
108.0 3.6 mm 64.8�4.2
� � � 100 �m 470�117
� � � 60 �m 110�23
� � � 25 �m <96
� � � 12 �m <57
� � � 2.2 �m 6.7�0.5
� � � 1.2 �m 3.3�0.3

aWe have subtracted jet-emission on the
sub-arcsec scale from the 20 cm core-ux
density assuming � = 0:6 (F� / ���), and
extrapolating from the 8.4 GHz integrated
ux-density of the jet to 1.4 GHz.
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Table 2

Velocity Data for A428

RA (2000) DEC (2000) VH �VH
(km sec�1) (km sec�1)

03:15:52.1 {19:06:45 20143a 66
03:15:49.8 {19:06:23 15225 87
03:15:49.0 {19:05:05 15266 82
03:16:07.2 {19:03:35 19836 80
03:16:12.5 {19:04:55 19788 35
03:16:16.6 {19:04:59 20318b 37
03:16:11.6 {19:03:06 19876 31
03:16:20.8 {19:00:52 20314 66
03:16:23.3 {19:00:39 19502 106
03:16:01.0 {19:14:35 23951 98
03:15:22.2 {18:59:15 9914c 25
03:15:50.7 {19:07:00 23584 105
03:16:00.3 {19:10:08 61631 100
03:16:45.1 {18:56:12 15997 92
03:16:40.6 {18:57:04 15599 90
03:16:30.0 {19:01:42 20015 79
03:16:15.1 {19:00:48 19742 49
03:16:07.1 {19:02:26 30175 88
03:16:12.3 {19:02:40 20752 107
03:16:18.2 {19:02:44 22893 99
03:16:04.2 {19:04:53 19948 102
03:15:54.7 {19:00:56 20888 89
03:15:49.4 {19:11:18 20293 77
03:16:06.8 {19:14:22 23447 38
03:16:15.2 {19:08:55 23487 84
03:16:19.0 {19:04:05 22088 108
03:15:48.5 {19:02:57 24943 98
03:15:38.3 {19:00:21 19624 27
03:16:02.8 {19:14:35 34159 84
03:16:44.2 {19:14:06 23409 73
03:16:06.1 {19:07:25 20048 115
03:16:10.6 {19:09:39 20277 110
03:16:14.4 {19:01:06 19929 84
03:15:49.3 {18:52:12 20074 112
03:15:52.2 {18:57:05 25263 51
03:15:34.9 {18:57:54 23148 55
03:15:39.2 {18:58:38 23290 100
03:16:35.8 {18:45:31 19859 100
03:16:00.8 {18:54:35 23276 43
03:17:10.4 {18:59:36 23258 55
03:17:03.4 {18:59:46 18383 34

20



Table 2|Continued

RA (2000) DEC (2000) VH �VH
(km sec�1) (km sec�1)

03:17:19.0 {19:00:09 25081 98
03:16:50.3 {18:44:28 22816 51
03:16:58.0 {19:18:32 27307 80
03:16:57.4 {19:19:56 24872 65
03:16:56.9 {19:17:11 33331 75
03:16:53.8 {19:18:32 87649 92
03:16:24.0 {19:16:18 8406c 20
03:16:20.6 {19:16:24 23269 66
03:16:15.0 {19:17:32 23392 60
03:16:21.0 {19:19:15 20283 79
03:16:57.9 {19:12:04 59135 65
03:16:51.5 {19:12:58 17342 89
03:17:20.5 {19:27:09 25017 54
03:15:34.2 {19:15:07 25821c 50
03:15:25.1 {19:19:24 19935 94
03:15:04.0 {19:22:20 68600 110
03:15:44.9 {19:19:58 68423 58
03:15:09.6 {19:11:12 52260 83
03:14:46.3 {19:13:03 20042 34
03:14:25.6 {19:10:49 20818 97
03:14:43.3 {19:08:04 19879 76
03:15:04.7 {19:05:40 17600 100
03:14:56.6 {19:01:03 22824 77
03:14:31.6 {19:00:56 23411 70
03:14:38.3 {18:50:12 24372 118
03:14:46.1 {18:45:24 29901 70
03:15:26.5 {18:44:26 23470 61
03:15:52.7 {19:02:18 18069 86

aThis object is the subject of this paper, 0313-192.
Redshift was also published in Owen, Ledlow, & Keel
(1995).

bThis object is the other radio galaxy identi�ed in
A428 (Owen & Ledlow 1997). Redshift was also pub-
lished in Owen, Ledlow, & Keel (1995).

cEmission-line velocity.
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