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Abstract. We present observations of a sample of Compact
Steep-Spectrum Sources (CSS) from the 3 CR catalogue, made
with the Very Large Array at the frequencies of 1.5, 15 and
22.5 GHz, and with angular resolutions ranging from 0.08 to
4 arcsec. We also present 8.4 GHz observations of 3C 286 and
3C 305.1. Large-scale structure has only been detected in the
vicinity of 3C 216, 3C 299, 3C 346 and 3C 380. The low resolution
1.5 GHz data allow stringent upper limits to be set to any large
scale (tens of kiloparsecs) low brightness emission in the remain-
ing sources. The observations at the higher frequencies provide
maps with the best resolution which can be achieved with the
VLA (0.08-0.15 arcsec), and give additional spectral and polari-
zation information.

Key words: radio continuum: galaxies — quasars: general —
galaxies: jets — techniques: interferometric

1. Introduction

Over the past several years we have been studying a representa-
tive sample of Compact Steep-Spectrum Sources (CSS) at several
wavelengths and resolutions using the European VLBI Network,
and the MERLIN and VLA interferometers. References to our
own observing program (see Table 1) and to previous results can
be found in Fanti et al. (1990). There further references to the
literature and a discussion of the general properties of CSSs are
also given.

In this paper we present the results of observations of 26 CSSs
from the 3 CR catalogue, carried out with the VLA at several
frequencies. Our source list with various relevant parameters is
given in Table 2.

The aims of our observations were twofold:

(1) To establish whether CSSs have low-brightness emission
components extending over scales of several tens of kiloparsecs,
by means of observations with moderate resolution but high
surface brightness sensitivity. This search was motivated by the
existence of objects like 3C 236 (Schilizzi et al. 1988) and 3C 293

Send offprint requests to: R. Fanti (Istituto di Radioastronomia)

(Bridle et al. 1981) which are characterized by a dominant steep-
spectrum, kiloparsec-sized central component (steep spectrum
core: SSC) plus a double-lobed low brightness structure. The low-
brightness structures in 3C 236 and 3C 293 contain 53% and
30%, respectively, of the total luminosities of their steep spectrum
cores, at the frequency of 1.4 GHz. Since the radio structures of
the cores in 3C 236 and 3C 293 are similar to those seen in CSS
sources, we decided to investigate whether extended emission is
also present around most of the CSSs. The data available in the
literature provided limits to extended structure of ~10-20% of
the luminosity of the compact components, so that further
observations were needed.

(2) To obtain structural information at high frequencies with
angular resolutions comparable to those achievable around
1.5 GHz with MERLIN and VLBI The principal goal was to
search for the cores of the CSSs. The 15 GHz observations
complete the sub-sample of CSSs from the 3 CR catalogue, which
was begun by van Breugel et al. (1984, vBMH).

Some of the brightest sources were observed at 22.5 GHz,
yielding the highest possible resolution maps obtainable at the
VLA (~0708). Three sources (3C 286, 3C 299, and 3C 305.1) were
also observed at 8.4 GHz, presently the most sensitive high
frequency system available at the VLA. Two of them (3C 286 and
3C 305.1) are presented here; 3C 299 will be discussed in a
separate paper together with detailed optical observations.

2. Observations and data reduction
2.1. 1.5GHz

The observations were made in September and November 1987
with the VLA, in the A- and B-configurations, at frequencies of
1465 and 1515 MHz, with a bandwidth of 50 MHz. Typical
observations lasted from 10 to 30 min, depending on source
intensity and observing schedule constraints.

The data for the two frequencies were reduced independently
with the NRAO AIPS image processing package, following
standard procedures. The peak and total flux densities of the
sources at the two frequencies differed by 2-3%, as expected from
their steep power-law spectra.
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Table 1. Observational status of the 3 CR CSS sample

Array v (GHz) Reference
VLA 1.5 Present paper
5.0 van Breugel et al. 1984; Spencer et al.
1989
15.0 van Breugel et al. 1984; present paper;
Spencer et al. 1989
225 Present paper
Merlin 1.6 Spencer et al. 1989
50 Akujor et al. 1991a
VLBI 0.6 Nan Rendong et al. 1991
1.6 Fanti et al. 1985; Spencer et al. 1991 and
references therein
5.0 Fanti et al. 1986, 1989

Table 2. Compact Steep-Spectrum Sources from the 3 CR
catalogue

Name z Id(m,) Name z Id(m,)
3C43 146 Q(20.0) 3C 286 085 Q(17.3)
0127423 1328 +30

3C48 037  Q(16.2) 3C 287 1.06 Q(17.7)
0134+32 1328 +27

3C49 062 G(22.0) 3C 298 144 Q(6.8)
0138+13 1416 +06

3C 67 031  G(18.0) 3C 299 037 Q(19.5)
0221 +27 1419 +41

3C 119 041 Q(20.0) 3C303.1 027 G(19.0)
0429 +41 1443 +77

3C 138 076  Q(17.9) 3C305.1 113 G(21.0)
0518 +16 1447+ 77

3C 147 055 Q(16.9) 3C309.1 09 Q(16.8)
0538+49 1458 +71

3C 186 1.06 Q(17.6) 3C318 075 G(20.3)
0740+ 38 1517+20

3C 190 1.2 Q(20.0) 3C 343 099  Q(20.6)
0758+ 14 1634 + 62

3C 216 067 Q(18.5) 3C3431 075 G(2038)
0908 +43 1637 +62

3C 237 088 G(21) 3C 346 016 G(17.2)
1005+ 07 1641+17

3C 241 1.62 G(>22) 3C 380 069 Q(16.8)
1019 +22 1828 +48

3C2683 037 G(19.0 3C454 1.76  Q(18.5)
1203 + 64 2249 +18

Notes: Redshift (z), optical identification (Id) and magnitudes (m,)
are from Spinrad et al. (1985)
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Maps were produced with size of 1024 x 1024 points for the B-
configuration, corresponding to a total angular size of ~ 17" x 17".
Typically two to three iterations of self-calibration were applied
to the data before obtaining a satisfactory map of the source. In a
limited number of cases the quality of the map was affected by
sidelobes of confusing strong sources outside of the synthesized
map. In this case the confusing sources were located and sub-
tracted from the visibilities.

The A-configuration maps were generally 256 x 256 points
(~75"x75"), except in those cases where the B-configuration
map had shown distant confusing sources.

The maps obtained at this frequency have a typical dynamic
range (defined as the ratio between the brightness peak and the
rms noise computed at more than 5 beams from the field center) of
5000: 1. Closer to the source the rms noise is ~ 2 times worse. The
resolution is ~ 1”5 and ~4" for the A- and for the B-configuration
data, respectively.

2.2. 15GHz

The 15 GHz observations were made using the VLA in the A-
configuration in September 1984 using a frequency of 14965 MHz
and a bandwidth of S0 MHz. Observing times were 30—45 min,
divided over 2-3 scans at different hour angles to obtain better
u—v coverage.

Standard calibration and reduction techniques were used,
allowing also polarization maps to be made, as described for
previous 15 GHz VLA observations of CSSs by vBMH. In
particular, self-calibration techniques were essential to achieve
low noise levels and good dynamic range. Occasionally a point
source model, using source positions available in the literature,
was needed for the first iteration of the self-calibration procedure.

The uncertainties in the absolute positions are estimated to be
0.2”. Typical values for the rms noise are 0.5 mJy beam~!. The
angular resolution of the maps is ~0.15".

2.3. 225 GHz

Interspersed with the 15 GHz observations we also observed
some of the strongest CSSs at 22485 MHz. Observing time,
calibration and data analysis were similar to that of the 15 GHz
observations. However, the 22.5 GHz data were of considerably
lower quality due to less sensitive receivers and the significant
corruption of the phases due to atmospheric fluctuations. Self-
calibration using point source models from the 15 GHz data was
necessary in virtually all cases during the first iteration. No
correction was made for atmospheric extinction, which can be
significant at low elevations (Spangler 1982), so that the flux
density scale is uncertain by as much as 15%.

Typical values for the rms noise is ~2.5 mJy beam area™!.
The angular resolution of the maps is ~80 marcsec. Absolute
position uncertainties are sometimes worse than those of
the 15 GHz observations. No polarization calibration was
attempted.

24. 84GH:z

The superior sensitivity of the 8.4 GHz receivers at the VLA
makes this the frequency of choice when searching for faint radio
cores in CSS sources. This was well demonstrated by the detec-
tion of the core in 3C 299. A detailed radio and optical study of
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Table 3. VLA data at 1.5, 15 and 22.5 GHz

Name 1.5 GHz 15 GHz 22.5GHz

Flux Noise Size Flux Noise Size Flux Noise Size
(mJy) (mJybeam™!) (arcsec) (mJy) (mJybeam™!) (arcsec) (mJy) (mJybeam™!)  (arcsec)

3C43 2857 0.35 2.4 453 0.76 (a)°

0127+23

3C48 15843 20 022 2754 27 0.4 1422 2.7 0.38
0134+32 vBMH

3C49 2630 04 091 284 05 1.1

0138+13

3C 67 2935 0.55 2.1 252 0.53 2.5 51 33 <0.05°
0221+27

3C 119 8545 12 0.10 1685 3.1 <0.05 1110 34 0.05
0429 +41 vBMH

3C 138 8314 09 0.28 2616 2.5 0.65 1307 53 0.43b
0518+ 16 vBMH

3C147 21165 29 0.46 3470 2.0 0.7 1750 2.2 0.62
0538 +49 vBMH

3C 186 1130 0.6 1.8 2 — 1.6

0740+ 38 CSMM

3C 190 2470 035 3.1 171 0.64 2.7

0758+ 14

3C 216 3745 045 ~9 1035 1.5 (@)

0908 +43

3C 237 6180 1.0 1.3 369 045 14

1005+ 07

3C 241 1600 0.3 09 61 032 0.84

1019 +22

3C2683 3610 06 1.45 >281 35 0.86

1203+ 64 vBMH

3C286 14450 2.5 2.6 4201 34 <005° 2695 40 0.04°
1328+ 30 vBMH ‘

3C 287 6760 1.0 0.14 1875 2.8 0.06 1110 22 0.05
1328425 vBMH

3C 298 5680 1.1 1.6 447 07 1.5 316 2.6 1.51
1416406

3C 299 2700  0.28 119 242 10 038

1419+ 41

3C303.1 1685 043 1.8 75 04 1.8 47 2.1 0.1
1443 +77

3C305.1 1540 046 2.0 90 04 24

1447 477

3C309.1 7230 1.1 12 1769 2.0 0.94

1458+ 71 vBMH

3C 318 2525 024 0.8 26 06 0.7 123 2.1 (@)
1517420

3C 343 4710 07 0.3 484 26 0.05 264 2.4 0.07
1634+ 62 vBMH
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Table 3 (continued)
Name 1.5 GHz 15 GHz 22.5 GHz
Flux Noise Size Flux Noise Size Flux Noise Size

(mJy) (mJybeam~™!)  (arcsec) (mJy) (mJybeam~™!)  (arcsec) (mly) (mJybeam~™!)  (arcsec)

3C 3431 4350 0.9 0.4 342 08 0.3 238 23 0.27
1637+ 62

3C 346 3525 021 14 x 12 384 046 ~4°

1641+ 17

3C 380 13650 1.7 16x12

1828 448

3C454 2035 05 0.7 335 — ~0.38

2249418 CSMM

Notes: (a) see map; ® Only a part of the total radio structure has been revealed. vBMH: data from van Breugel et al. (1984); CSMM: data
from Cawthorne et al. (1986). Integrated flux densities, rms noise values, and maximum angular sizes derived from the maps. At
1.5 GHz sizes are FWHM from Gaussian fit, at 15 and 22.5 GHz we give the maximum source extent seen in the map. Sizes are
deconvolved for beam smearing.

Table 4. Source component parameters at 15 and 22.5 GHz

Name 15 GHz 22.5 GHz
Flux Size p.a. Flux Size
(mJy) (mas) (o (mJy) (mas)

3C43

A 418 See map

B 35 See map
3C 48

A 765 140

B 612 160
3C49

A 242 35x21 (155)

B 6 <90

C 10 See map

D 26 See map
3C67

A 89 See map

B 163 97 x 62 (167) 51 <50
3C119 1110 50
3C 138 v

A 385 40

B 922 See map
3C 147

A 500 100

B 1190 <40

C 54 See map
3C 190

A 50 105x 73 (174)

B 43 97 x 44 (46)

C 39 <44

D 39 79 x 55 (56)
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Table 4 (continued)

Name 15 GHz 22.5 GHz
Flux Size pa. Flux Size
(mJy) (mas) (o (mly) (mas)

3C 216

A 910 60 x 30 (146)

B 125 See map
3C 237

A 224 160 x 100 (80)

B 22 <60

C 143 ~400 x 300 (90)
3C241

Al 34 45%x 17 %4)

A2 12 43 x 31 (82)

B 34 <60

C 11 56 %20 (101)
3C 286 2695 40
3C 287 1110 50
3C 298

A 50 50 x 45 (158) 34 90

B1 210 <50 174 <30

B2 69 <110 70 160

C1 32 96 x 65 97 35 See map

C2 85 98 x 68 (29) 60 130
3C 299

A 242 ~ 850 x 460 (30)
3C303.1

A 5 See map

B 70 110 x 39 (125) 47 95
3C 305.1

A 22 149 x 119 (65)

B 5 <130

C 15.5 345x% 153 (25)

D 47 89 x 46 (19)
3C 318

A 29 70 x 46 (122)

B 197 See map 123 See map
3C 343 264 70
3C 343.1

A 230 59 x 23 (113) 163 60

B 112 <80 81 <80
3C 346

A 243 <39

B 14 186 x 107 (102)

C 80 97 x 79 93)

D 8 <240

E 39 See map
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Figs. 1-6. VLA maps at 1.5 GHz

38 02 30| ' v ! ‘ -
00— 3C 186 1.4 GH1 _
[+
01 30— _
~ :Q °
g O &
C . 0
I
N . °
A 00 30 0 n
T 0o
|
o) .
N 00 |- o _
Q
¢ - B
37 59 30 ° ’ —
i)
.
w- - @ :
Q‘
58 30— —
| | | ]
07 41 05 00 40 55 50
RIGHT ASCENSION
PEAK FLUX = 9.6482E-01 JY/BEAM
LEVS = 9.6482E-04 * ( --1.00, 1.000, 2.000,
4.000, 8.000, 16.00, 20.00, 30.00, 50.00,
70.00, 100.0, 200.0, 400.0, 600.0, 800.0.
1000.. 1500.)
Fig. 2

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1992A%26A...256...56V

vl

FT902A8A © “Z56- ~. 56

62

this source is reported elsewhere (van Breugel et al., in pre-
paration). We observed also two other sources (3C 286 and
3C 305.1) at this frequency, and these are discussed later in the
present paper. The angular resolution of the maps is 0722.

3. Results

Our results are summarized in Tables 3 and 4. Table 3 gives total
source flux density, rms noise level and maximum source extent at
the various observing frequencies. At 1.5 GHz the flux density
and noise values are from the B-configuration observations. The
corresponding numbers for the A-configuration are quite similar.
Table 4 gives the parameters of individual components in sources
well resolved at 15 and 22.5 GHz. Components are labelled A, B,
C, ... from west to east.

The maps of all the well resolved sources are shown in
Figs. 1-6 for 1.5 GHz and in Figs. 7-24 for 15, 22.5 and 8.4 GHz,
in right ascension order.

3.1. 1.5GHz

Most of the sources appear unresolved by the B-configuration or
just slightly resolved by the A-configuration, consistent with what

was known from previous sub-arcsec observations (MERLIN
and VLBI). The only well resolved sources, with sizes >4", are
3C 216, 3C 346 and 3C 380. 3C 299 has a secondary component
12" SW from the main component.

In view of the rather different resolving powers, comparison of
the flux densities from A- and B-configuration might, in principle,
allow recognition of faint emission, not individually detected,
from areas of a few arcsec around the CSS component. In practice
no significant indication of such extensions has been found on
these scales.

Comparison of the flux densities obtained from the two
configurations has been therefore used to estimate the internal
accuracy of the flux density measurements. They are not
systematically different within an rms uncertainty of ~2%.
This figure represents the flux calibration uncertainty in our
observations.

A further important comparison is between the flux densities
measured by MERLIN with 0”3 resolution (Spencer et al. 1989)
and our VLA data. This comparison could reveal emission on
arcsec or sub-arcsec scales resolved by MERLIN but contribut-
ing to the VLA flux density. This comparison does not show any
significant systematic difference within a standard deviation of
~ 130 mJy, which is expected to arise from uncertainties in the
respective flux calibrations.

I 1 ;1 i I J
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Fig. 3
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3.2. 15GH:z 34. 84GH:z

Most sources are well resolved at this frequency. For only four of
them (3C 119, 3C 286, 3C 287, 3C 343) the angular resolution is
not adequate to map the radio structure. See references in Fanti et
al. (1990) for higher resolution VLBI observations. Total flux
densities of individual components (Table 4) were derived using
Gaussian model fits or, for well resolved components, by integrat-
ing over the appropriate regions in the maps. The total flux
densities of each of the sources, as determined from the maps,
were compared with plots of the visibility amplitudes as well as
with single dish measurements from Kuhr et al. (1981). Notes on
whether much radio structure may have remained undetected in
our VLA maps are included in our comments on the individual
sources.

3.3. 22.5GH:z

The 22.5 GHz maps are primarily of interest because of the higher
resolution provided (~0708). They are useful for determining
relative strength of compact components which may help locating
the radio cores in CSSs.

Here we show the maps of the CSSs 3C 286 and 3C 305.1, which
were observed for a total time of 15 and 30 min, respectively. The
map for 3C 286 is dynamic range limited at a peak/(rms noise)
ratio of 3700: 1. The map for 3C 305.1 is noise limited at an rms
level of 44 pJy beam 1.

4. Discussion
4.1. Extended emission around CSSs?

In only four cases is extended emission clearly detected on scales
of several arcsecs around the compact component: these are
3C 216, 3C 299, 3C 346 and 3C 380. These sources were already
known to have such extended emission (Barthel et al. 1988;
vBMH; Stannard private communication; Pearson et al. 1985)
and our results are fully consistent with the earlier work. For each
of the four sources the extended emission is ~24%, 5%, 60%,
50% respectively of the total luminosity.

3C 299 is now clearly a very asymmetric double (see Sect. 5).
The other three sources (3C 216, 3C 346 and 3C 380) differ from
3C 236 and 3C 293 in that: a) they have bright radio cores and
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bright one-sided jets; and b)their extended emission has an
ellipsoidal halo shape and rather uniform surface brightness. In
view of these differences we think that the two sets of sources are
different in nature. We suggest that 3C 216, 3C 346 and 3C 380
may be large size doubles seen in projection with a relatively small
angle with respect to the line of sight. Their relatively bright cores
and one-sided jets could then be caused by relativistic Doppler
boosting. The extended halo-like emission would be due to their
radio lobes seen in projection and overlapping with the cores and
jets.

The radio sources 3C 236 and 3C 293 do not have such
characteristics so that it is unlikely that their CSS central
components are caused by projection effects.

For the remaining sources our data allow stringent limits to
be set to any large-scale structure with angular scales <40”,
corresponding to linear sizes <120 kpc for z>0.5 (H,=100). On
the basis of the dynamic ranges achieved (~5000/1) and assum-
ing a conservative limit of 3 x (rms noise level) for the surface
brightness of any undetected extended emission, we can set upper
limits to the radio luminosity of extended emission after assuming
a value for their sizes. For an extended structure with an overall
linear size of 120 kpc, elliptical lobes with axial ratios of 2/3 and
major axis of 60 kpc, our limits on brightness sensitivity translate
into an upper limit on the monochromatic luminosity of extended

emission of <3% of the compact component luminosity (or
typically <10%°5 W/Hz).

A search has also been made for a possible excess, above the
expected background, of small size sources around the CSSs.
These could be, for example, hot spots of undetected large-scale
lobes. It is known that virtually all sources with luminosity above
1025 W /Hz, radio galaxies or quasars, exhibit double hot spots
with typical brightnesses > 1 mJy arcsec™2, (e.g. Perley 1989; De
Ruiter et al. 1990) which should have been easily detected in our
observations. We searched areas with radius of 40" and 240" in the
A- and B-configuration maps respectively. Source counts at
1.4 GHz by Windhorst (1984) were used to determine the back-
ground source level. We do not find any significant excess of point
sources in these fields (see Table 6). This supports our result
above on the limit for the luminosity of any extended flobe. Of
course, the possibility remains of extended emission with proper-
ties totally different from those of standard lobes of radio galaxies
and quasars. In that case our surface brightness limits cannot be
easily translated into plausible limits on luminosities.

4.2. Radio cores

The 15 and 22.5 GHz observations resulted in the detection of
several weak radio cores which were previously unknown, and
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confirmed a few previous, marginal detections. Their positions
are listed in Table 5.

We note that the radio cores of a large number of CSSs remain
undetected or uncertain (3C 67, 3C 268.3, 3C 287, 3C 303.1,
3C 305.1, 3C 318, 3C 343, 3C343.1, 3C454). Further VLA
8.4 GHz observations of these will be useful. A full discussion of
radio cores in 3 CR CSSs is given in Fanti et al. (1990).

4.3. Polarization

Polarization information at 15 GHz, derived from the present
observations and from those of vBMH, is now available for the
whole 3 CR CSS sample with the exception of 3C 186.

Most sources are significantly polarized. The polarization
percentages of individual components are larger at 15 GHz than
the average integral value at 5 GHz (vBHM; Saikia et al. 1987).
The median value of the polarization percentage in radio com-
ponents is ~(7+2)%. There is no clear difference between radio
lobes and radio jets.

A correlation is found between the position angle of the
polarization vector and that of the component extension. About
2/3 of the radio components have a position angle difference

larger than 60°. If we assume that the Faraday rotation is
negligible at 15 GHz, then this implies that the magnetic field is
mostly parallel to the component elongation.

A closer inspection of the polarization maps shows that the
magnetic fields in the radio lobes are usually directed along the
major axes in their inner regions (3C 67, 3C 237, 3C 298,
3C 305.1) and are tangential in their bright outer parts or hot
spots (3C 237, 3C 298, 3C 305.1). This is similar to what is usually
found in large-sized doubles. In the jets the magnetic fields can be
either parallel or perpendicular, the first case being the more
common (see also Spencer et al. 1991).

5. Comments on individual sources

3C 43 (Fig. 7): This source has a triple structure (see e.g. Pearson
et al. 1985; Spencer et al. 1989, 1991; Akujor et al. 1991b) which is
barely resolved in our 1.5 GHz observations. At 15 GHz the
northern component is undetected. Components A and B are
polarized at this frequency, with percentage polarization ranging
from 6-10% for component A to (50+20)% for component B.
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Figs. 7-24. VLA maps at 15, 22.5 and 8.4 GHz in right ascension order

Table 5. Radio core positions

3C49 01 38 2851
13 38 200
3C 190 07 58  45.05
14 23 044
3C216 09 06 17.26
43 05 590
3C 237 10 05 2204
07 44 586
3C 241 10 19 0938
22 14 396
3C 298 14 16 3877
06 42 209
3C 305.1* 14 47 4935
77 08 467
3C 346 16 41 3446
17 21 210

2 Uncertain; see comments to the source

3C 48 (Fig. 8): The 22.5 GHz map, when compared with lower
frequency maps of similar resolution (Simon et al. 1990, at
327 MHz; Nan Rendong et al. 1991, at 610 MHz) shows that the
southernmost part of component A has a flat or inverted spec-

trum and is therefore the core, in agreement with Wilkinson et al.
1990.

3C 49 (Fig. 9): The compact central component B, undetected at

Table 6. Source counts around CSS at 1.5 GHz

Flux range Number of sources®
(mJy)
Found Expected
$>200 1 0.3
200> S>80 2 0.3
80>S>30 2 1.8
30>S>10 1 1.1
10>S8>3 2 1.5
Total 8 5.0

2 In an area of 4’ radius centered on the CSS. The expected value is
derived from the source counts of R. Windhorst (Ph.D. thesis)

lower frequencies (e.g. Akujor et al. 1991c) is probably the source
core (see also Fanti et al. 1989). No polarization is detected at
15 GHz (<2% and <10%, respectively, for the west and east
component).

3C 67 (Fig. 10): At 15 GHz component A is polarized (15 +6)%;
component B is polarized (4 +2)%. At 22.5 GHz we detect only
the southern component, which is unresolved.

3C 138: Two faint sources are found in this field, at 1.5 GHz, at
distances of 155" in p.a.= —108° (Fig. 1) and 243" in p.a.=120°
from 3C 138 (see also De Waard 1984). There is no evidence in
our map for any physical association of these sources with
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3C 138. The 22.5 GHz map (Fig. 11) confirms earlier findings (e.g.
Fanti et al. 1989) that component A has a flat spectrum and,
therefore, contains the radio core.

3C 147 (Fig. 12): Akujor et al. (1990), from MERLIN observa-
tions at 151 MHz, found a faint halo of ~ 10" around the main
component. Our 1.5 GHz data, with a dynamic range of 7000: 1
in the B-configuration map, and a similar resolution, do not show
any evidence for this halo. The comparison between the A- and B-
configuration flux densities also shows no evidence for the halo. A
comparison with total power flux measures (quoted in Kuhr et al.
1981) is inconclusive. Therefore the spectrum of any halo com-
ponent must be very steep.

3C 186: In the field there are three other apparently unrelated
sources, one of which is double (Fig. 2). This double plus the other
nearby source were noted earlier by Riley and Pooley (1975) and
(Schilizzi et al. 1982). A VLA map at 15 GHz has been presented
by Cawthorne et al. (1986). A comparison of it with the 50 cm
VLBI map by Nan Rendong et al. (1991) shows 3C 186 to have a
central core -self-absorbed at frequencies below ~1GHz. A
prominent jet (Spencer et al. 1991) leads to the N component.

6.0

3C 190 (Fig. 13): About 130 mJy are missing in our 15 GHz map.
This is almost certainly due to a diffuse lobe which is seen in lower
frequencies maps (see e.g. Pearson et al. 1985; Spencer et al. 1991),
but which is resolved out in our observations. Component A is
polarized (74 3)% at its southern edge, component B (10 +2)%,
component C<4%, component D <4%. Component C is the
source core (Nan Rendong et al. 1991).

3C 216: At 1.5 GHz (Fig. 3) this source exhibits a low brightness
halo consistent with the map of Barthel et al. (1988). This halo
accounts for 24% of the total flux density. The bright component
has actually a triple structure (Pearson et al. 1985), of which our
15 GHz map (Fig. 14) shows only the central and the northern
component (about 100 mJy are missing in our map). Component
A is <2% polarized at the peak, has a flat spectrum (¢~ —0.1,
Socv™®) and is therefore believed to be the radio core. Its
southern extension is 12% polarized. Component B is 12-20%
(+3%) polarized.

3C 237 (Fig. 15): In our 15 GHz map ~190 mJy are missing.
Component A is polarized (4+2)%; component C is <2%
polarized at the peak and ranges from 12 to 20% (+3%) in the
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inner tail. Comparison with the 1.7 GHz data by Fanti et al.
(1985) indicates that component B is likely to be the source core.

3C 241 (Fig. 16): The source is not polarized (<5-12% in the
west component and < 15% in eastern one). Comparison with the
1.7 GHz (Fanti et al. 1985) and S GHz data (Akujor et al. 1991)
indicates that component B is likely to be the source core.

3C 286 (Fig. 17): The faint secondary component located 2.6”
west, visible in both the 1.5 and 8.4 GHz maps, and the one 0”8
east, visible only in the 8.4 GHz map, were previously also seen by
Spencer et al. (1989). A jet leads to the W component (Hines et al.
1989).

3C 298 (Figs. 18a, b): Our 15 and 22.5 GHz data clearly show that
the core is component Bl (see also Nan Rendong et al. 1991).
Components C1 and C2 are ~(10+3)% polarized. About
240 mJy is missing in the 15 GHz map.

3C 299 (Fig. 19): This source has a secondary component at 12"
to the SW which has 5% of the flux density of the main
component. Both components are clearly extended along the
source major axis (Fig. 4). Observations at 8.4 GHz (van Breugel
et al., in preparation) show a faint, compact core 2" SW of the
brightest component. Thus the source is a very asymmetric
double with the brightest lobe being the CSS component. At
15 GHz this bright lobe is ~10-15% +2% polarized.

3C 303.1 (Fig. 20): This source is also a very unequal double
(Pearson et al. 1985). The SE component is ~5-8% +2% pola-
rized at 15 GHz. At 22.5 GHz only this component is detected.

3C 305.1: At 15 GHz (Fig. 21a) all components are polarized:
(28 £5)% (A), (60+20)% (B), (22+4)% (C) and (7+3)% (D).
Were it not for its (marginally significant) polarization, compon-
ent B would be a good candidate for the radio core, since it is the
most compact and is not visible at 5 GHz (Akujor et al. 1991). The
8.4 GHz map (Fig. 21b) is very similar to that of Spencer et al.
1989 at 1.7 GHz.

3C 309.1: Comparison with single dish measurements shows that
~ 800 mJy are missing from our 1.5 GHz map (not shown).

3C 318 (Fig. 22a, b): The source is a triple (Spencer et al. 1991)
with the weaker component located to the north. This component
is not detected in our 15 GHz observations. Component B is
(17 £+ 3)% polarized at the peak, component A is <9% polarized.
At 22.5 GHz we detect only component B.

3C 343.1 (Figs. 23a, b): The source is not polarized at 15 GHz
(<2% in each component).

3C 346: This source shows considerable structure. At 1.5 GHz
(Fig. 5) a core and a very bright one-sided jet are embedded in a
halo (possible double lobed) of ~ 14" x 12", accounting for ~60%

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1992A%26A...256...56V

vl

FT902A8A © “Z56- ~. 56

ZO——DZ—rOmo

ZOm—ADZw—rOMo

| I | T | | |
49 49 44.0 3C 147 22.5 GHZ :_\—3 —
°
aA\N
vy
43.8— ‘ . -
' \t
g
L ]
43.6 — —
‘N
43.4— i
- N a
\”
43.21 —
] ] | 1 1 | ] Fig. 12
@S 38 43.60 43.58 43.56 43.54 43.52 43.50 43.48
RIGHT ASCENSION
PEAK FLUX = 1. 1926[ 00 JY/BEAM
LEUS = ©.2050E-02 % -3.0 6.0,
18.9, 20.0, 40. 0» 60.0, B8@. 0' 100 9
140.9, 1688.8, 220.8, 260.0, 300.0, 350.0,
400.0, 450.0, S500.0, S40.0)
T ol B I
14 23 85.5 — 3C 190 D . 15GHZ —
85.0 '—.'\'t —
’ i
| o 1
A} Q., e "' o
04.5 — v RO - I.,:\ -
I ' o
L0 .
-4 ' N
04.0 — 2] —
© & -
o
03.5 — —
o 0
b o
03.0 — . ]
- > 0
I | ] | ! Fig. 13
@7 S8 45.10 45.08S S.00 44.9S
RIGHT aSCENSION
POL LINE 1 ARLSEC I 2.2208E ¢ 02 RATIO
PEAK FLUX = 224?5-02 JY.BEA
LEVS = B.SdBBE-GB L3 -2.5- 2.5 S.0,
18.0, 15.0. P0.0. 30.0. 40.0. 60.0)

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1992A%26A...256...56V

vl

FT902A8A © “Z56- ~. 56

ZO—DZ—IrOMoO

306 000 | I l ‘ ! ! ! !
3C 216 15 GHz
@S S9.8[ ]
-2
v
59.6— Y ]
59.4— ]
ss.2[— =]
5.0 -
~ _
S8.8[
S8.6 — L —
?
] | | ] ] | ] |
. 17.32 17.38 17.28 17.26 17.24 17.22
89 @86 17.36 17.34 . - akelGRHJ”hoSCENSION
P NE 1 ARCSEC = 4. *
ngKLfI'LU)( :sagtdégdﬂ‘?l ]Yéﬂgﬁﬂ 2.5 5.0
H 1 - x 2.5 =3 .9
LEU;.S» 015.8’ 25.0, S50.0, 100.0, 200.0,
400.0)
Fig. 14
@7 44 59.0 T Ld v T T T T
s8.8 -
?
& S8.6
L
1
N
A
I 58.4 =
0 -
N ~ -
58.2 —
58.0 -
|
18 @S 22.08 22.06 22.04 22.02 22.00 21.98 21.96
RIGHT ASCENSION
POL LINE 1 ARCSEC := 1.@8S5S39E:@82 RATIO
PEAK FLUX = 1.4242E-01 JY/BEAM
LEVUS = 0.4500E-83 = ( -2.0. 2.0 4.0,
6.8, 10.8, 15.0,» 20.8,» 30.0. 40.0.
60.0, 60.0, 100.0, 150.0, 200.0. 250.08,
388.0)
Fig. 15

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1992A%26A...256...56V

vl

FT902A8A © “Z56- ~. 56

72
ST N7 la T I
22 14 4B.4— —
. 3C 24 15 GH12
40.2 g
40.0— 1 —
3
€ 39.8 -
L
& .
A ;N
I 39.6 -~ —
0
N
39.4 —
o 0
39.2 —
o ¢
39.0 — —
{
| u | | .= | 1 | Fig. 16
10 19 09.44 89.42 09.40 9.38 09.36 29.34
RIGHT ASCENSION
PEAK FLUX :  3.1194E-02 JY/BEAM
LEUS : ©.3200E-23 ¥ ( -2.0, 2.8, 4.0,
6.0, 8.0 10.8,» 15.8, 20.0,» 30.0,
40.2, 60.8, B80.9. 102.0)
| | | [ | | |
30 45 59.0|— SC 286 8.4 GHz |
®
0
c
L
] log
N Q v
T 58.0 _
I
)
N
57.5 -
57.0 —
1 l | ] l | I Fig. 17
13 28 49.75 49.70 49.65 49.60 49.55 49.50 49.45

RIGHT ASCENSION
PEAK FLUX « §5§.1326E+00 JY/BEAM
LEVS = 1.3600E-03 * ( -3.00. 3.000., 6.000.
12.00, 25.00. 50.00. 100.0. 200.0. 400.0.
800.0, 1600.)

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1992A%26A...256...56V

vl

FT902A8A © “Z56- ~. 56

73
86 42 21.
21.
2 21.
C
L
1
N
A 20.
T
1
0
N
20.
2e.
0.2 N .
: Q
1<) L | . PN e
14 16 38.86 38.84 38.82 38.80 38.78 38.76 38.74 38.72
RIGHT ASCENSION
POL LINE 1 ARCSEC = 1.6492E+@2 RATIO
PERK FLUX = 2.24S7E-81 JY/BEAM
LEVUS = 0.7000E-83 » ( -2.0» 2.0, 6.0,
10.8, 20.0, 30.0, 40.0, 60.8, 80.0,
100.0, 200.0, 300.0)
Fig. 18a
T T T 773 T T T
06 42 21.2 | -
.. 3C 298 22.5 GHz A B
D
£
E 21.0 c?2 c1 ' Q —
N 20.9 [ _
? L
S 2.8 —
N
20.7 _
20.6 — _|
20.S | | | | ] | —
1a 16 38.86 38.84 18.82 2880, cension® 78 38.76 38.74
PEAK FLUX :_ 1.6387E-81 JY/BEAN
LEUS : B.23@@E-82 % ( _-3.8, 3.8, 5.0,
.8, 978, 11.8, 13.8> 15.8, 20.0)
25.8, 30.8, 35.8, 4D.8, 45.8, 50.0,
550, &0.0, 65.8, 78.@)
Fig. 18b

of total flux density (see also Spencer et al. 1991). At 15 GHz
(Fig. 24) we do not see the halo (about 365 mJy are missing in our
map), and detect only the flat spectrum core and knots in the jet.
The core (A) and knots B and E are not polarized, at levels less
than 2%, 16% and 20%. Knots C and D are polarized at levels of
21% and 16%.

3C 380 ( Fig. 6): This source is surrounded by a halo of ~ 14" x9",
accounting for ~50% of total flux density at 1.5 GHz. For a
detailed discussion of the source structure see Wilkinson et al.
(1990), and Wilkinson et al. (1991).

6. Conclusions

Observations with the VLA at 1.5, 15 and 22.5 GHz of 26
compact steep-spectrum sources (CSSs) from the 3 CR catalogue
have shown the following:

(1) Only four sources, 3C 216, 3C 299, 3C 346, 3C 380, have
extended emission on the scale of several arcsec. 3C 299 is found
to be an asymmetric extended double and should not be classed
as a CSS source. The other extended sources are consistent with
the extended emission being due to the radio lobes seen in
projection and overlapping with cores and jets. The remaining
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compact sources have <3% of their total luminosity in extended
halo emission.

(2) Seven further sources in the sample were found to have
weak compact radio cores, of which we measured the position.
Cores remain still undetected in a further 9 sources.

(3) The present observations complete the radio polarization
measurements at cm wavelengths on the 3 CR CSS sources
(except for 3C 186). The median polarization of components at
15 GHz is ~ 7%, with magnetic field direction mostly parallel to
the component elongation.

75
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Further more sensitive observations at 8.4 GHz are required
to find the remaining cores. High resolution polarization mea-
surements at 1.7 GHz should enable the level of depolarization in
the sources to be found and hence an indication of the amount of
gas present.
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