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Summary. — We present the third and final instalment of a high sensitivity search with the Westerbork telescope for
radio continuum emission at 1415 MHz from Seyfert and related galaxies. 24 galaxies with declinations in the range
+ 10° > & > — 31° have been observed to a flux density limit (3 o) of about 3 mJy. 19 (79 %) were certainly or probably
detected. The results of deep (3 o noise about 1 mJy), full 12-hour syntheses of 3 Seyfert galaxies (Mark 40, 372 and 391)
which were undetected in Paper I of this series are also given. Each of these galaxies has now been detected. A summary
listing of the results of the entire survey is given in right ascension order.

Key words : radio emission — Seyfert galaxies — active galaxies — Markarian galaxies.

1. Introduction. — In two earlier papers (de Bruyn and
Wilson, 1976, Paper I ; Meurs and Wilson 1981, Paper 1I)
a sensitive survey in A 21 cm continuum radiation of
Seyfert and related galaxies with the Westerbork
Synthesis Radio Telescope (WSRT) was presented. Of the
111 galaxies observed, 62 (56 %) were detected above a
flux density limit of 3-4 mJy (3) (3 0). The present paper
gives the results of the ramainder of this survey and
includes observations of 24 galaxies to a limit of 3 mly
(3 o) and 3 galaxies to a limit of 1 mJy (3 o).

Information on the observational procedure is given in
section 2 while section 3 explains how the galaxies were
selected. The results and a discussion of the expected level
of chance coincidences are presented in table II and
section 4. Comments on individual sources are given as
notes to table II. A summary listing of the entire survey is
given in right ascension order in table III.

2. Observational procedure. — The WSRT and its
mode of data reduction have been described elsewhere
(Hogbom and Brouw, 1974 ; Baars and Hooghoudt,
1974 ; van Someren Gréve, 1974). Broadly speaking, we
have followed the procedures described in Paper II. A
summary of the dates and observational parameters is
given in table I ; the reader is referred to Paper II for the
significance of the terms « old » and « new » systems.

(') Present address : Max Planck Institut fiir Astronomie,
Konigstuhl, D-6900 Heidelberg, F.R.G.
A 1mly = 100 Wm™2Hz .

Send offprint requests to : A. S. Wilson, Astronomy
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The programme galaxies not previously observed in our
survey lie in the declination range + 10° > § > — 31°.
Each of these galaxies was observed near to transit on
either 4 separate occasions (with baseline 9 A = 36™, 54™,
72 and 90™) with the « old » system, or on 2 separate
occasions (with baseline 9 A = 36™ and 54™) with the
« new » system. At these declinations, the resolution of
the WSRT in declination is poor ; for the few sources
within a degree or two of the celestial equator no
declination information is available other than that the
radio sources must lie within the primary (single dish)
pattern, whose FWHM is ~ 36’. Under these circum-
stances, identification of a radio source with the
programme galaxy relies essentially on good agreement
between radio and optical right ascensions. As discussed
in section 4, however, it is improbable that more than one
of the listed identifications is incorrect.

We have also observed, with full 12 hour observations,
3 galaxies with 6 > 10° (Mark 40, 372 and 391) which
were undetected in Paper I.

3. Programme galaxies. — As before, most of our pro-
gramme galaxies were selected from the lists of Weedman
(1977, 1978). Also observed were Mark 391 (noted as a
possible Seyfert by Khachikian and Weedman (1974) but
is not a Seyfert according to Shuder and Osterbrock,
1982), Mark 586 (noted as a possible QSO by Markarian
and Lipovetskii 1973), NGC 3081 (M. G. Smith, private
communication) and T1004-296 (Penston ef al., 1977).
We note that two galaxies in our survey, Arak 223 and
Arak 253, are not now considered Seyferts (Phillips and
Osterbrock, 1977).
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4. Results. — The results of the survey are presented in
table II, where the galaxies are listed in increasing
Markarian numbers followed by Arakelyan, NGC,
Zwicky, MCG and Tololo designated galaxies. Flux
densities of detected galaxies (including the 3 galaxies,
Mark 40, 372 and 391, which were observed for a full
12 hours) are given in table Ila, whose first 5 columns
contain the galaxy name(s) (column 1), the measured total
flux density and its r.m.s. error (column 2), the upper
limit on the E-W radio source size (column 3), and the
radio right ascension, o;, and declination, &, along with
their r.m.s. errors (columns 4 and 5). The remainder of
table Ila comprises the difference between the right
ascension of the radio source and the optical nucleus,
o,—ag (in arc sec, column 6), and between the
declinations of the radio source and the optical nucleus,
8, — 8y (in arc secs for the sources with 6 > + 10° and in
arc min. for the rest, column 7), and a reference to the
optical position used to derive o, —ap and 6, — 6y (column
8). For each undetected galaxy (Table IIb), we list the
source name(s) (column 1), the 3 ¢ upper limit to the radio
flux density (column 2) and a reference for the optical
position at which we searched for radio emission (column
8). For a few galaxies, no accurate optical position was
available, so their positions were measured at Leiden or
Maryland and are listed in the notes to table II. Of the
27 galaxies in table II, 22 (81 %) have been certainly or
probably detected, the great majority of which have not
been seen previously at radio wavelengths. In the
following, we discuss briefly the expected chance
coincidence rate and limits on the radio polarizations.
The reader is referred to sections 4.1 and 4.2 of Paper II
for explanation of the detection and identification
procedure and the methods of source parameter
extraction.

Because the declination resolution is poor, it is relevant
to discuss the possibility that background radio sources,
unassociated with the programme galaxies, may be listed
as the identification in table Ila. From the differential
source counts at 1415 MHz given by Willis et al. (1977),
we expect a total of 1.45 x 10° sources sterad—! above the
survey limit of 3 mJy. For the 12 sources detected in the
transit survey and for which it was possible to derive the
declination (Table IIa), the average (1 o) error in
o — aplis £ 174 andin §, — &y + 3/5. The probability of a
background radio source of flux density > 3 mJy lying
within the ellipse defined by these errors is 0.028, where
3 o errors in each coordinate have been taken as the semi
major and minor axes of the ellipse. For the 7 sources
without declination information, the average error (1 o)
in o — o is + 276. Adopting arbitrarily a declination
error (3 o) equal to = 9’ (+ 0.5 x HWHM of the
primary pattern) and making no correction for primary
beam attenuation, the probability of a background source
lying within one such error ellipse is 0.045. This
probability would be reduced if attenuation of the
background sources by the primary pattern were allowed
for. While these figures are admittedly only rough
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estimates of the confusion, it is clear that the number
of spurious identifications in table II is most un-
likely to be more than one. Perhaps the most doubt-
ful case is Mark 590, for which the displacement
o —ap is 3.35 0.

In several cases, particularly for sources very close to
the celestial equator, the first grating response is essen-
tially indistinguishable from the main beam response. The
radius of this grating response is 40.7 in right ascension,
where the attenuation by the primary pattern gives a
sensitivity of only 4.5 % of its on axis value. Thus for a
background source lying on the first grating response and
at the same declination as the programme galaxy to be
listed as a detection, the flux density would have to be at
least 67 mJy. If the declination of the background source
differs from the programme galaxy, its flux density would
need to be even higher. In fact, the probability of such
grating response confusion is more than an order of
magnitude smaller than the chance of main beam confu-
sion discussed above.

As in Papers I and II, all galaxies observed with the old
system with S > 12 mJy were analyzed for linear and
circular polarization. No polarization was found in any of
the galaxies. The 3 o upper limits on both linearly and
circularly polarized flux density (vVQ?> + U? and V) are
generally 3 mJy, except for MCG-2-58-22 where they are
5 mly.

5. Summary listing by right ascension. — In this series
of papers, objects have been listed in order of increasing
number of the original designator, most commonly
Markarian. For some purposes, the alternate system of a
catalogue by right ascension may be more convenient.
Table III provides such a listing for the complete survey
in the same format as table II but with the addition
(last column) of a reference to the paper where the
observations were originally reported. Table III also
includes the results of observation of 5 « classical »
Seyferts by van der Kruit (1971). This list should be
regarded as a summary and the reader is referred to the
original papers for further information.
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A 1415 MHz SURVEY OF SEYFERT AND RELATED GALAXIES — III
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