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ABSTRACT

A new sample of radio sources, with the designated name CENSORS (A Combined EIS-NVSS
Survey Of Radio Sources), has been defined by combining the National Radio Astronomy
Observatory Very Large Array Sky Survey (NVSS) at 1.4 GHz with the ESO Imaging Survey
(EIS) Patch D, a 3° by 2° region of sky centred at RA 09"'51™3630, Dec. —21°00'00” (J2000).
New radio observations of 199 NVSS radio sources with NVSS flux densities S 4gu, > 7.8
ml]y are presented, and are compared with the EIS /-band imaging observations which reach a
depth of I ~ 23; optical identifications are obtained for over two-thirds of the ~150 confirmed
radio sources within the EIS field. The radio sources have a median linear size of 6 arcsec,
consistent with the trend for lower flux density radio sources to be less extended. Other radio
source properties, such as the lobe flux density ratios, are consistent with those of brighter
radio source samples. From the optical information, 30—40 per cent of the sources are expected
to lie at redshifts z > 1.5.

One of the key goals of this survey is to accurately determine the high-redshift evolution of
the radio luminosity function. These radio sources are at the ideal flux density level to achieve
this goal; at redshifts z ~ 2 they have luminosities which are around the break of the luminosity
function and so provide a much more accurate census of the radio source population at those
redshifts than the existing studies of extreme, high radio power sources. Other survey goals
include investigating the dual-population unification schemes for radio sources, studying the
radio luminosity dependence of the evolution of radio source environments, and understanding
the radio power dependence of the K—z relation for radio galaxies.

Key words: surveys — galaxies: active — galaxies: luminosity function, mass function — radio
continuum: galaxies.

1 INTRODUCTION

The study of complete samples of radio sources can provide im-
portant information on the cosmic evolution of the number density,
nature and physical properties of radio sources. For this reason,
since the birth of radio astronomy considerable effort has been put
into obtaining complete optical identifications and redshifts for flux-
limited samples of sources selected at a variety of different observ-
ing frequencies and flux density levels (e.g. Laing, Riley & Longair
1983; Allington-Smith 1984; Spinrad et al. 1985; Eales 1985¢; Wall
& Peacock 1985; Dunlop et al. 1989; Lacy et al. 1993; McCarthy
et al. 1996; Best, Rottgering & Lehnert 1999, 2000; Waddington
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et al. 2001; Rawlings, Eales & Lacy 2001; Willott et al. 2002, and
references therein).

An important study that can be carried out with such samples is to
determine the cosmic evolution of the luminosity function of radio
sources. In 1990, Dunlop & Peacock (1990) carried out a detailed
investigation of this, and presented the first evidence for a decline
in the comoving number density of powerful radio sources beyond
z ~ 2.5. Since this time, however, whilst numerous advances have
provided a good consensus in the determination of the low redshift
radio luminosity function (e.g. Mobasher et al. 1999; Gavazzi &
Boselli 1999; Machalski & Godlowski 2000; Sadler et al. 2002), the
high-redshift evolution and the reality of the ‘redshift cut-off” in the
radio source population have remained areas of much controversy.
Willott et al. (1998, 2001) found no evidence for a cut-off beyond
z ~ 2 using the 7C radio survey (Pooley, Waldrum & Riley 1998),
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whilst Bremer et al. (1999) claimed tentative indications of a redshift
cut-off in a smaller sample of ultra-steep spectrum sources selected
from the Westerbork Northern Sky Survey (WENSS; Rengelink
1997) at similar luminosities. In more recent studies, Waddington
et al. (2001) showed that a sample selected at the 1 mJy level does
show evidence for a deficit of moderate luminosity radio sources at
z > 2, but this sample had insufficient sky coverage to investigate
the most luminous sources, while the sample of Jarvis et al. (2001)
at the 100-mlJy level proved too shallow to detect sufficient sources
at high enough redshift to clarify the high-redshift evolution. It is
clear that a radio source sample at a flux density level intermediate
between these two is required to resolve this issue.

Taking a census of the high redshift space density of radio sources
is one of the key goals of the current survey. In recent years it has be-
come apparent that resolving this issue has far-reaching importance,
since massive black holes appear to reside in all massive present-
day spheroids, with a mass roughly proportional to the baryonic
mass of the spheroid (Kormendy & Gebhardt 2001). This suggests
that black-hole and spheroid formation are intimately linked (e.g.
Richstone et al. 1998) and that understanding the cosmic evolu-
tion of black holes is of importance for testing theories of structure
formation in general. There are strong indications that powerful ra-
dio activity, at least for steep spectrum radio sources (see Woo &
Urry 2002 for an alternative view based on a study of flat-spectrum
quasars), is only produced by the most massive black holes (M 2>
10° M¢; e.g. Dunlop et al. 2003); the cosmic evolution of powerful
radio sources may therefore offer the cleanest way to constrain the
evolution of the top end of the black hole mass function.

A complete radio source sample at these flux densities will also
enable several other important astrophysical questions to be ad-
dressed. These include the following.

(i) Dual-population unification schemes of radio sources: Wall &
Jackson (1997) model the radio luminosity function using just two
parent populations of radio sources, Fanaroft & Riley (1974, here-
after FR) Class I and 11, in conjunction with orientation unification.
The population mix and evolution at the low luminosities of this
sample will provide a critical test of this model, as well as allowing
investigation of the differential evolution of FR I and FR II radio
sources (cf. Snellen & Best 2001).

(ii) Evolution of radio source environments: studies of the envi-
ronments around radio sources of different radio luminosities (e.g.
Wold et al. 2000; Finn, Impey & Hooper 2001) show that at moder-
ate redshifts (z ~ 0.5) the most luminous radio sources lie in richer
environments than lower luminosity sources, in contrast to what
is found in the nearby Universe (e.g. Prestage & Peacock 1988).
The inconsistency of the spatial correlation functions of the Green
Bank and WENSS surveys (Rengelink 1998), and the weak varia-
tion of the cross-correlation amplitude of radio sources with radio
flux density (e.g. Overzier et al. 2003, and references therein) fur-
ther suggest that the evolution of radio source environments may be
radio luminosity dependent, in a similar manner to the evolution of
the comoving number densities of sources. A sample of lower lu-
minosity sources would test this model, providing valuable insight
into the physical mechanisms behind radio source evolution.

(iii) The K—zrelation: radio galaxies show a very tight correlation
between their K-magnitude and redshift (Lilly & Longair 1984), but
interestingly, the K—z relations of radio galaxies from the 3CR and
6C samples, selected at different limiting radio flux densities, are
in agreement at low redshifts (z < 0.6) but show a mean offset of
~0.6 magnitudes in the K band at z = 1 (Eales & Rawlings 1996;
Inskip et al. 2002). This result means either that the K-band magni-

tudes of the most radio luminous sources contain a significant active
galactic nucleus (AGN) contribution, which would have important
consequences for interpretations of the spectral energy distributions
of radio galaxies in terms of their stellar populations, or that more
powerful radio sources at high redshift are hosted by more massive
galaxies (Best, Longair & Rottgering 1998). This second possibility
is consistent with the black-hole versus spheroid mass correlation,
because if the black holes in high-redshift radio galaxies are fu-
elled at the Eddington limit then more massive galaxies (with more
massive black holes) will produce more powerful radio sources.
The similarity of the K-magnitudes of the different radio samples
at lower redshifts would then have interesting implications for the
evolution of fuelling of these objects. Comparing the K—z relation
for fainter radio samples with that of the 6C sample will help to
distinguish between these two possibilities (cf. also Willott et al.
2003)

With all of these goals in mind, we have begun a project to pro-
duce a spectroscopically complete sample of ~150 radio sources at
the S.46n, ~ 10 mJy level. This project takes advantage of two re-
cent large surveys: the National Radio Astronomy Observatory Very
Large Array Sky Survey (NVSS) which has surveyed the radio sky
at 1.4 GHz, and the ESO Imaging Survey (EIS) which has provided
deep optical imaging over four 3° by 2° fields. By combining these
two surveys, a sample of radio sources can be defined for which the
majority already have optical identifications for their host galaxies.

In this paper, the radio source sample is defined, the radio proper-
ties of the sample are described based on new high angular resolution
observations, and a comparison of these with the EIS optical data
is made. The layout of the paper is as follows. Section 2 discusses
the properties (e.g. depth, size) required of a radio source sample
to successfully address the question of the high-redshift evolution
of the radio luminosity function. In Section 3 the EIS and NVSS
surveys are briefly described, together with the definition of the pre-
liminary EIS-NVSS sample from these. The new, higher-resolution
VLA radio observations of these sources are described in Section 4,
and the radio properties of these sources are discussed in Section
5. The new radio maps are compared with the EIS optical fields in
Section 6, together with a likelihood analysis to identify the possible
optical host galaxies; the nature of these optical hosts is discussed.
The new data are used to refine the sample definition and produce
the final radio source sample, designated the CENSORS sample (a
Combined EIS-NVSS Survey of Radio Sources), in Section 7. The
results are summarized in Section 8. Subsequent papers (Brookes
et al., in preparation) will present infrared K-band imaging data to
identify the radio source host galaxies too faint to appear in the EIS
survey, the spectroscopic follow-up observations, and the conse-
quences of these for our understanding of the evolution of the radio
luminosity function at high redshifts.

2 SAMPLE REQUIREMENTS

From the results of Waddington et al. (2001) and Jarvis et al. (2001)
it is clear that to resolve the question of the redshift cut-off, what is
required is near-complete redshift information for a sample selected
at intermediate flux densities, S ~ 10 mlJy. This corresponds to
about the break of the radio luminosity function at redshifts z ~ 2;
10-mJy radio sources at redshifts z > 2 are also of comparable radio
luminosity to nearby luminous radio sources such as those in the
3CR sample, allowing the most direct comparison of the cosmic
evolution of the intrinsic properties of the radio sources.

The suitability of the 10-mJy flux density level for radio luminos-
ity function work is demonstrated in Fig. 1, where the percentage
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Figure 1. Top panel: the dotted lines show the percentage of sources in a
flux-limited radio source sample which lie above a given redshift, for three
different flux density limits (100, 10 and 1 mly, in order of increasing line
thickness). The solid lines indicate the subset of those sources which have
a radio power P 4GH, > 10% W Hz~! sr=!, which corresponds roughly to
the break in luminosity function. Bottom panel: the percentage of sources
in a flux-limited radio source sample which have z > 2.5 and P 4gn, >
10%° W Hz~! sr!, as a function of the flux density limit of the sample.
All of these results are based upon the ‘pure luminosity evolution’ model
of Dunlop & Peacock (1990), for steep-spectrum sources only, assuming no
redshift cut-off. The flux densities have been converted from 2.7 to 1.4 GHz
assuming a spectral index of 0.75. The Dunlop & Peacock models, which
had been derived for an Einstein—de Sitter cosmology, were converted to the
currently favoured lambda cosmology (€2, = 0.3, Q4 = 0.7, Hy = 65 km
s71 Mpc’l) using the expression provided by Peacock (1985): pi1(L1, 2)
dV/dz = pa(La, z) dV2/dz, where L and L, are the luminosities derived
for a source of given flux density and redshift in the two cosmologies, V|
and V, are the volumes available at a given redshift, and p; and p; are
the corresponding space densities of sources. Willott et al. (2001) showed
that this conversion is accurate for all regions where the data constrain the
models well, although it is poorer in less-constrained regions of parameter
space. The use of different evolution models will also change the precise
details of these plots, but the general result that a 10 mJy flux density limit
is optimal for these studies should be robust.

of the radio sources in a sample above a given radio power and red-
shift is illustrated as a function of redshift for three different flux
density limits (1, 10 and 100 mJy at 1.4 GHz), for the ‘pure luminos-
ity evolution’ model of Dunlop & Peacock (1990) with no redshift
cut-off. It is clear that a 10-mJy flux density cut-off provides by
far the largest fraction of powerful sources at redshifts beyond z ~
2. The lower panel of Fig. 1 demonstrates this further, by compar-
ing the percentage of sources in a sample which have radio powers
Piscn, > 10% W Hz ! sr! (around the break of the radio luminos-
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ity function at z ~ 2) and redshifts z > 2.5 as a function of the flux
density limit of the sample. Although the exact details are model-
dependent, a 10 mJy sample is clearly at around the optimum flux
density level to distinguish the presence or absence of a redshift
cut-off.

Another important issue, given the goal of measuring the space
density of high-redshift radio sources, is that the area of sky stud-
ied is large enough not to be significantly affected by large-scale
structure, especially as these radio galaxies are likely to be highly
clustered sources.

Clustering increases the chances of finding a galaxy at a distance
r from another galaxy by a factor £(r), such that the probability of
finding two galaxies in two volumes dV; and dV, separated by a
distance r is given by P(r) = N°[1 + £(r)] dVdV,, where N is the
number of galaxies per unit volume. The cross-correlation function
&(r) is known to be well-matched by a power-law, &(r) = (r/r) 7,
where r is the correlation length and y =~ 1.8. Galaxies at redshifts
z ~ 3 selected by the Lyman break technique have been shown to
have correlation lengths of ry ~ 3—4 Mpc (Porciani & Giavalisco
2002). Radio galaxy hosts are likely to be more massive than these,
and hence more strongly clustered; Daddi et al. (2003) find that
luminous red (J — K > 1.7) galaxies with photometric redshifts 2
S Zphot S 4 have correlation lengths of ~10-12 Mpc, and these are
more likely to be representative of the radio source population. At
redshifts z ~ 3, a spatial scale of 10 Mpc corresponds to about 20
arcmin on the sky (2, = 0.3, Q4 = 0.7, Hy = 65 km s~! Mpc™).

To assess the effect of this clustering on the high-redshift radio
source counts, a population of radio sources was built up, following
the method outlined by Soneira & Peebles (1977, 1978), such that
they had a correlation length of 12 Mpc. These were constructed
over a 2000 x 2000 x 2000 Mpc® volume. A rectangular field-
of-view was then chosen, of a given long axis size (d) and a 3:2
axial ratio (to match that of the EIS Patch D — see below). The
source counts were normalized to provide an average of 25 radio
sources within a volume element defined by this field of view (d
by 2d/3 Mpc) and the length of the redshift interval 2.5 < z <
3.5 (~1000 Mpc). Then, for 100 different sightlines through the
simulation, the number of sources actually observed in this volume
was determined, and this was repeated for 150 different simulations
of the 2000° Mpc? volume. This whole process was carried out for
a number of different field sizes, d.

As expected, the effect of large-scale structure is to broaden the
observed distribution of source counts, due to some sightlines sam-
pling clusters of sources and others passing through voids. The effect
of clustering was quantified by measuring the width of the number
count distribution, and comparing it to the Poissonian expectation.
The factor by which the large-scale structure increases the distri-
bution width (relative to Poissonian) is plotted against the field of
view, d, in Fig. 2. It is clear that for small fields clustering plays an
important role, but when the field size gets up to about 100 Mpc in
size the plot begins to level off and the effect of large-scale structure
has dropped below the 15-20 per cent level. This corresponds to an
angular size of about 3° by 2° (at z ~ 3) for the survey, which is the
size of the ESO Imaging Survey Patch D (see Section 3).

Finally, it is important to consider the number of radio sources
required for the survey. If there is no redshift cut-off then the
Dunlop & Peacock (1990) models predict that over 20 per cent
of radio sources in a sample with 10 mJy flux density limit should
be at z > 2.5, whilst if a z > 2 decline is included then their pure
luminosity evolution and luminosity density evolution models pre-
dict, respectively, ~9 and ~5 per cent of sources above that redshift.
A sample of ~150 radio sources is sufficient to distinguish between

© Royal Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/2003MNRAS.346..627B

7B.

FZ0D3WVNRAS. 346.

630 P N. Best et al.

2.0 T T T

-
0
T
3 degrees at redshift z~3
|

Factor worse than Poissonian

1.0[ \\*
0 100 200 300 400
Field size (d)/ Mpc

Figure 2. The effect of radio source clustering on the high-redshift number
counts. The plot shows the factor by which galaxy clustering increases the
width of the number count distribution relative to the Poissonian expecta-
tion, as a function of field size. This is calculated by constructing a source
population with a spatial cross-correlation length of 12 Mpc, normalized to
have 25 sources over the field area and a unit step in redshift (2.5 < z <
3.5). The field area is rectangular with a 3:2 axial ratio, and the length of its
longer axis () is shown as the abscissa. For sky areas of 3 x 2 degrees, the
plot begins to level off and the effect of large-scale structure is below the
20 per cent level.

these possibilities at the >30 level, whilst keeping the sample size to
a manageable level. Conveniently, to obtain this number of sources
down to a ~10-mJy flux density level also requires a sky area of
order 6 deg?. The combination of the EIS and NVSS surveys is
therefore ideal.

3 SAMPLE DEFINITION

3.1 The ESO imaging survey (EIS)

The wide-field ESO Imaging Survey (EIS-wide) comprises a rela-
tively wide-angle survey of four distinct patches of sky of up to 6
deg? each, selected to have low optical extinction and to exclude
especially bright stars or nearby clusters of galaxies (Nonino et al.
1999). Of these four regions, the most northerly, Patch D, is a 3°
by 2° field centred at RA: 09"51™36°, Dec. —21°00'00” (J2000),
and is thus sufficiently far north to be relatively easily accessible
for radio observations with the VLA synthesis array. During the
EIS-wide project, the entirety of Patch D was imaged in the / band
using the EMMI camera mounted on the 3.5-m New Technology
Telescope (NTT) at La Silla. This provides a pixel scale of 0.266
arcsec pixel~!. Each region of sky was observed for 300 s in each
of two separate exposures.

A single-entry catalogue has been constructed for the EIS Patch
D in / band (Nonino et al. 1999), in which objects detected in more
than one overlapping pointing are listed as a single entry, with the
parameters determined from the best seeing image; the seeing on
the images ranges from 0.5 to 1.6 arcsec. This catalogue contains
over 560 000 objects, reaching an 80 per cent completeness limiting
I-magnitude of typically / ~ 23 (Benoist et al. 1999). Postage-stamp
images are also available. The EIS-wide survey of Patch D has been
complemented by a Wide Field Imager survey (using the ESO 2.2-m
telescope) of the same field (see http://www.eso.org/science/eis/) in
the B and V bands, reaching limiting magnitudes of V ~ 24.5 and
B~ 25. Only catalogues of each Wide Field Imager pointing are cur-
rently available, not a combined single-entry catalogue nor postage

stamp images. Astrometry on both of these surveys is accurate to
within 0.2 arcsec (Nonino et al. 1999).

The B, V and [ filters used were filters designed especially for
the EIS project; they have effective wavelengths close to those of
the Johnson—Cousins BVI filters, but are broader and with sharper
cut-offs. The transformation between the EIS magnitudes and the
Johnson—Cousins magnitudes is zero for stars with colours of zero,
and is significantly below 0.1 mag even for objects with the most
extreme colours (Nonino et al. 1999).

The extracted magnitudes used in all wavebands were derived us-
ing SEXTRACTOR (Which was used to identify and measure properties
of the galaxies in the EIS catalogues; for details of SEXTRACTOR see
Bertin & Arnouts 1996), and are estimates of the total magnitude of
the object. Note, however, that these apertures have not been pre-
cisely matched between the different catalogues, and so aperture
difference will introduce some scatter into the measured colours.

3.2 The NRAO VLA SKky Survey (NVSS)

The NRAO VLA Sky Survey (NVSS) is a radio survey carried
out at a frequency of 1.4 GHz using the VLA in the D and DnC
array configurations (Condon et al. 1998). This provides an angular
resolution of about 45 arcsec full-width at half-maximum (FWHM).
The survey covers the whole sky north of —40° declination (J2000),
to an rms brightness level of 0.45 mJy beam~'. Thus, the survey
is essentially complete to ~3.5 mly, to which level there are about
50 sources deg 2.

The 45-arcsec beam size of the NVSS survey is significantly
larger than the median angular size of faint extragalactic sources at
these flux density levels (<10 arcsec; Condon et al. 1998), meaning
that most sources will be unresolved. This has the benefit that for
the majority of detected objects an individual radio source is con-
tained within a single NVSS component, and the NVSS flux density
measurement should have good photometric accuracy with little or
no flux density missed by resolving out structure. However, the low
angular resolution of this survey means that follow-up observations
are required in order to determine the structure of a radio source,
and to pin-point its position to allow identification of the optical
counterpart.

3.3 Initial sample definition

The EIS-NVSS radio source sample was initially defined in 1997,
at which stage only an early version of the NVSS catalogue had
been produced, and the EIS observations were still in progress. The
original definition of this sample was as follows:

(i) 09"44m25% < RA < 10"00™,
(ii) —22°6" < Dec < —19°54/,
(i) S1.46n, = 7.8 mlJy in original NVSS catalogue.

This corresponded to a sample of 199 radio sources, and these were
assigned a designation of ‘EISD’ followed by a catalogue number
which was ‘1’ for the brightest source and increased with decreasing
NVSS flux density. The sky area defined by these limits is slightly
larger than the final 3 x 2 degree sky area of the EIS Patch D; it
eventually turned out that 44 of these sources lay outside of the
region covered by the optical imaging, and so are not considered in
the final CENSORS sample discussed below. One source, NVSS-
J095759-2005 with S 46, = 14.9 £ 1.1 was found to have been
accidentally excluded from the sample. Because this lies outside of
the EIS Patch D, and so is not within the CENSORS sample from

© 2003 RAS, MNRAS 346, 627-683

© Royal Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/2003MNRAS.346..627B

5278,

FZ0D3WNRAS 345 .

which the radio luminosity function work will be carried out, this
exclusion will have no significant consequences.

The sample properties differ somewhat from these initial selec-
tion criteria, since the current public NVSS catalogue (version 2.17,
issued 2002 July) differs substantially from the preliminary cata-
logue from which the observed sample was selected. Significant
deviations are found in both the positions and the flux densities of
the sources, suggesting that these have been re-estimated. In gen-
eral, the source flux densities have been amended downwards, so
that the new flux densities are on average nearly 10 per cent lower
than those originally selected, although with considerably scatter
from source to source. Importantly though, some of the sources that
were just below the flux density threshold in the original sample def-
inition are now quoted to be brighter than some sources that were
included in the sample. The effects of this are discussed in Sec-
tion 7, and the final CENSORS sample of radio sources is defined
there.

The properties of the 199 radio sources selected in the original
EIS-NVSS sample are provided in Table Al of Appendix A.

4 RADIO OBSERVATIONS

4.1 VLA BnA array observations

Radio observations of the 199 originally selected sources were taken
at 1.4 GHz using the VLA in BnA configuration on 1998 June 15
and 19 (see Table A1 for details). The observations used the standard
two IFs at frequencies of 1385 and 1465 MHz, with a bandwidth
of 50 MHz. The BnA configuration is a hybrid between the B and
A configurations with larger spacings of the antennae along the
northern arm, designed to produce approximately circular beams
for targets at low declinations. The angular resolution provided by
this set-up is typically between 3 and 4 arcsec.

Depending on their NVSS flux densities, the sources were ob-
served for up to 8 min each. The exposure time for each source was
set to provide a roughly constant integrated signal-to-noise ratio of
60, for an unresolved source. For those sources with total exposure
times in excess of 5 min, the exposure was split into two separate
scans in order to improve the uv coverage. The primary flux calibra-
tor 3C286 (13314-305) was observed twice during each of the runs,
and was used to calibrate the flux density scale assuming flux den-
sities of 14.55 and 14.94 Jy for that source at 1385 and 1465 MHz,
respectively. These are the most recently determined VLA values
(1995.2), based upon the scale of Baars et al. (1977). The nearby
secondary calibrator 0921-263 was observed approximately every
30 min to provide accurate phase calibration.

The data were processed using standard techniques incorporated
within the A1ps software provided by the NRAO. After first applying
baseline corrections and discarding data from any antenna or base-
line showing excessive noise, the data were CLEANed using the AIPS
task IMAGR. Maps were made over a 512 by 512 pixel field, with
0.6-arcsec pixels; to reduce the noise from the sidelobes of sources
outside this central field and to obtain a good model of the field for
subsequent self-calibration, the positions of all other sources within
the 30-arcmin VLA primary beam with S} 46, > 7.5 mJy were ex-
tracted from the NVSS, and 128 by 128 pixel fields centred on these
positions were also included in the CLEANing process. For 193 of
the sources, sufficiently bright point sources were observed within
the fields that one or two cycles of phase self-calibration were used
to improve the map quality further.
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4.2 VLA CnB array observations

As discussed below, a number of the more extended sources were
largely resolved out at the high angular resolution provided by the
BnA configuration observations. For these sources, radio data at
lower resolution were required. Observations of these sources (ex-
cepting EISD176 and EISD196 which lay outside the region of
EIS optical imaging, and were therefore excluded due to telescope
time constraints) were carried out in various observing runs during
2002 (see Table Al for details), with integration times of typically
about 5-10 min. Again, these observations were taken in two IFs
at frequencies of 1385 and 1465 MHz, with a standard bandwidth
of 50 MHz.

These CnB array data were reduced in a similar way to the BnA
array data, except that in this case, due to the lower angular resolu-
tion, 1024 by 1024 pixel maps with 3-arcsec pixels were made to
cover the entire primary beam. After cleaning and self-calibration,
the CnB array data were combined with the BnA array data, a fur-
ther cycle of self-calibration was carried out, and final images of the
sources were produced using both sets of data. The resultant maps
typically have angular resolutions of ~7 arcsec, but much greater
sensitivity to extended structures that the BnA array data alone.

4.3 The radio maps

Cleaned radio maps of all of the 199 radio sources have been pro-
duced. The rms noise levels on each of these maps was calculated by
taking the average of five off-source regions, and is provided in Ta-
ble Al. For those radio sources within the EIS field, contoured radio
maps are shown in Appendix A, in Fig. A1. These maps have contour
levels scaled in factors of 2 from a first contour level of three times
the rms noise on the final radio map. The full-width-half-maximum
of the Gaussian restoring beam is plotted in the lower left corner of
each map. Contour maps of the sources which lie outside of the EIS
field are shown in Fig. A2, with contour levels defined in the same
way. No maps are shown for those sources which are undetected in
the radio waveband.

5 RADIO PROPERTIES OF THE SOURCES

5.1 Derived radio source parameters

Source characteristics were derived from the radio maps; details
of all of these parameters are provided in Table A2. The AIPs task
SAD (Search And Destroy) was used, which fits Gaussian models
to an image by a least squares method, and estimates the errors
(Condon 1997). In this way, peak flux densities (Speax), integrated
component flux densities (Scomp), and positions (¢ comp, 8 comp) Of all
of the source components were estimated. In addition, for resolved
sources the total flux density (Si,) was calculated by integrating all
of the signal in a region surrounding the radio source; for unresolved
source the integrated flux density of the single source component
was adopted instead.

The source morphologies were divided into five classes: single
(S), double (D), triple (T) and multiple (M) component sources,
and extended diffuse sources (E). For sources with more than one
component, the position angle (PA) and largest angular size (D,,q) of
the radio source were defined as the position angle and the angular
separation, respectively, of the two most separated components. For
single-component sources where the component is resolved, these
properties were defined as the position angle and the major axis
length of the deconvolved elliptical Gaussian fit to the component.
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Figure 3. The new radio map of the EISD7 plus EISD44 combination.
Radio contours are at (—1, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024) x
66 wly beam~!. EISD7 is an unresolved radio source, whilst the other radio
components make EISD44.

For sources with a single unresolved component, the position angle
was not determined, and a 1o upper limit to the largest angular size
was derived from the upper limit to the major axis of the deconvolved
elliptical Gaussian fit.

5.2 Notes on individual radio sources

EISD?7. This source appears double with EISD44 in the NVSS cat-
alogue. The new radio map (Fig. 3) indicates that EISD7 is indeed
a bright unresolved radio source, close to the position of its entry in
the NVSS catalogue. EISD44 is an extended radio source, stretch-
ing nearly 2 arcmin on the sky, and therefore its NVSS catalogue
position and flux density are both inaccurate.

EISD1S. The weak second radio component, 25 arcsec south-
south-east of the central component, is probably unconnected with
this source.

EISD16. This source overlaps with sources EISD56 and
EISD114, and a source below the 7.5 mly flux density limit in
the NVSS catalogue (Fig. 4), and it is not entirely clear from the
radio data alone which radio components comprise which distinct
sources. Addition of the optical data (see Section 6) clears this up
a bit, but not entirely (Fig. 4). It is clear that the radio components
labelled ‘A’ on the figure correspond to an extended double radio
source, associated with EISD16. Component ‘F’ is the weak radio
point source seen in the NVSS map, and has an associated optical
counterpart. Component ‘D’ also has an optical counterpart, and
causes the apparent extension of EISD56. The complication arises
with components ‘B’, ‘C” and ‘E’. These may be simply interpreted
as three separate radio sources, of which ‘B’ and ‘E’ correspond to
EISD114 and EISD56 respectively, and ‘C’ is a radio point source
below the sample limit; this component ‘C’ also has an optical iden-
tification. However, the facts that neither component ‘B’ nor ‘E’ has
an optical counterpart, that ‘C’ lies almost midway between the two,
and that component ‘B’ appears to be slightly extended, pointing
towards ‘C’, suggests an alternative explanation whereby these all
form one giantradio source with ‘C” as the core. The lack of extended
radio emission between the two in the NVSS map argues against
this, and in favour of the three radio source model; in the absence
of evidence to the contrary, this simple solution is adopted in the

subsequent sample definition. However, deeper radio observations
will be required to elucidate exactly which components constitute
independent sources.

EISD20. The NVSS entry for EISD20 corresponds to the bright
unresolved radio component to the south of the radio map in Fig. Al.
The further two components to the north appear as a separate NVSS
entry, whose flux density is too low to make it into the EIS-NVSS
sample. Although it is possible that these three comprise a sin-
gle extended radio source, the large flux density ratio between the
two lobes in this cases, coupled with the unresolved nature of the
southern radio component, make this unlikely. More likely, the un-
resolved component in the south is indeed EISD20, as defined from
the NVSS, whilst further north there is a weak double hosted by the
optical counterpart at RA 09"54m2758, Dec. —21°56/27".

EISD24. The additional two radio components to the south are
most likely an unassociated double radio source.

EISD25. In the NVSS catalogue, the sources EISD25 and EISD86
appear separated by less than 10 arcsec. Fig. 5 shows that these two
NVSS sources result from a misfit to a single bright source with a
faint extension. The BnA array data clearly show that this is a single
source, located at the peak of the NVSS flux.

EISD38. The radio structure of this source is very unclear.
A narrow double is seen, together with a faint third component
25 arcsec further north. The relationship between these components
is unclear. The position angle and largest size of the radio source
were derived considering only the southern components.

EISD44. See comment on EISD7.

EISDS56. See comment on EISD16

EISD73. EISD73 lies in an extended NVSS structure associated
with EISD151 and EISD103. Nearby on the sky, EISD77 is another
extended NVSS structure close to the source EISD112. These five
radio sources are shown in Fig. 6. It is noteworthy that the two
extended regions of emission in the NVSS map are both oriented in
the same direction, and that for none of these three NVSS sources is
any radio counterpart seen in the new CnB or BnA images. Whilst it
cannot be stated with 100 per cent confidence that these sources do
not represent extended emission, perhaps associated with an FR [
radio source, the failure to detect signal even in the CnB array data,
and the absence of a bright galaxy which might host such a radio
source, both argue against this. Further, the false source EISD118
(see below) is also found nearby, and has similar orientation. These
results strongly suggest that the three sources associated with the
extended NVSS emission regions (EISD73, 77 and 151) are not
real, but instead are caused by correlated noise associated with bad
baselines or calibration errors in the NVSS data of that pointing.
These three sources are therefore removed from the final catalogue.

EISD77. See comment on EISD73. This source is not real and is
therefore removed from the final catalogue.

EISD86. See comment on EISD25. This source is not real and is
therefore removed from the final catalogue.

EISD90. See comment on EISD113.

EISD98. The weak second lobe to the north of this source is very
diffuse, but is believable because it provides consistency between
the observed position and that in the NVSS catalogue. The NVSS
catalogue position also coincides almost exactly with the position
of a very bright optical galaxy.

EISD103. See comment on EISD73.

EISD112. See comment on EISD73.

EISD113. The BnA radio map of this source has an odd mor-
phology. This source was also observed off-axis in the CnB obser-
vations of EISD7 and 44, although with significant primary beam
attenuation. These lower resolution observations confirm the two
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Figure 4. Upper left: the NVSS map of EISD16, EISD56 and EISD114; radio contours are at (—1, 1, 2, 4, 8, 16, 32, 64, 128) x 1.5 mly beam ™! Upper
right: the new radio map produced by combining the CnB and BnA array data for this field, overlaid upon the EIS /-band image. Radio contours are at (—1,
1,2,4, 8,16, 32, 64, 128, 256, 512, 1024) x 84 ply beam™!. Six different components of radio sources are labelled; see text for discussion. Lower panels:
postage-stamp enlargements of the three components C, D and F (from left to right), demonstrating the reality of their optical counterparts.

components extracted here (see Fig. 7). However, it is also notice-
able that this radio source lies close on the sky to EISD90, and
it cannot be excluded that these two form a single extended radio
source. The lack of further extended emission between the two and
the compact nature of the EISD90 radio source, with a potential op-
tical identification, argue against this. The two sources are therefore
considered separately in this paper, although further radio observa-
tions will be required to confirm this.

EISD114. See comment on EISD16.

EISD118. No radio source was detected. As shown in Fig. 8,
this NVSS source appears to be just a residual close to the bright
sources EISD11 and EISD29, due to calibration and/or cleaning
errors. This source also lies close on the sky to the EISD73-77-
103-112-151 region, where the problems discussed above under
EISD73 are found, further confirming that this source is not real. It
is therefore removed from the final catalogue.

EISD124. EISD124 and EISD137 are closely separated sources
in the NVSS catalogue, and the new radio maps (Fig. 9) show clearly
that EISD137is an unresolved source associated with a bright nearby

© 2003 RAS, MNRAS 346, 627-683

galaxy, whilst EISD124 stretches over 2.5 arcmin top to bottom.
The northern component of EISD124 is unresolved from EISD137
in the NVSS image, and thus the positions and locations of these
two sources are poorly described by their NVSS catalogue entries.

EISD137. See comment on EISD124.

EISD151. See comment on EISD73. This source is not real and
is therefore removed from the final catalogue.

EISD163. This radio source was only weakly detected in the BnA
array observations, suggesting an extended radio source. Because
the optical images showed this to be clearly associated with a very
nearby galaxy, more detailed CnB radio data were not taken. For
clarity, the NVSS contours are used instead of the new BnA array
data in the radio—optical overlay.

EISD176: This radio source was undetected in the BnA array ob-
servations but, because it lies outside the field of the optical imaging,
was not followed up in CnB array observations. It is likely to be a
significantly extended radio source.

EISD191. As EISD163.

EISD196. As EISD176.
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Figure 5. A contour representation of the NVSS map of EISD25 and
EISD86, whose locations are labelled by crosses, overlaid on a grey-scale
image of the new radio data. NVSS radio contours are at (—1, 1, 2, 4, 8,
16, 32, 64, 128) x 1.5 mly beam™!. The two NVSS sources appear to arise
from a misfit to the NVSS data, due to the faint extension to the south-west.
The new radio data confirm this, with no emission detected at the location
of EISD86.

5.3 Radio source properties

The radio flux densities of the EIS sources as determined in the
new radio observations are compared to the values in the NVSS
catalogue in Fig. 10. To make this comparison, the newly deter-
mined flux densities were scaled up by ~1.5 per cent to account for
the small difference between the mean radio frequency of the cur-
rent observations (1425 MHz) and those of the NVSS (1400 MHz),

LB L

B

RGHT ARTENSHIN R

Figure 7. A contour representation of the off-axis CnB array radio map
(corrected for primary beam attenuation) of EISD113 and EISD90. Contour
levels are at (—1, 1,2, 4, 8, 16, 32, 64, 128) x 200 Wy beam~!. The /-band
EIS image is overlaid in grey-scale.

assuming a typical radio spectral index of ¢ =~ 0.75 (where S,
o v~ ¥). It can be seen that in addition to the scatter in the ra-
tio of the two flux densities, arising from the uncertainties in the
two sets of measurements, there is also a tendency for the new
observations to determine a lower flux density than suggested by
the NVSS.

Sources which are in the brighter half of the sample, so that they
are detected at high signal-to-noise ratio in both sets of observations,
and which are also unresolved so that no flux should be lost in the
current high-resolution observations, are indicated by filled circles in
Fig. 10. The NVSS flux densities of these are on average 2—3 per cent
higher than those of the new observations, which can be attributed to
calibration errors between the two different sets of observations. The
flux densities scatter by of order 10 per cent, suggesting that the true
uncertainties in the flux densities are slightly higher than the formal
errors in at least one of the two sets of measurements. For fainter
and extended sources (open circles in Fig. 10) the average ratio is
around 0.8 to 0.85, with larger scatter; Fig. 11 demonstrates that
the average flux ratio is lower for sources with larger angular sizes,
indicating that to at least some extent this difference in flux densities
is due to extended emission being resolved out at the higher angular
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Figure 6. A contour representation of the NVSS radio map of the EISD73, EISD77, EISD103, EISD112 and EISD151, with radio contours at (—1, 1, 2, 4,
8, 16, 32, 64, 128) x 1.5 mJy beam~!. Overlaid on this is a grey-scale image of the new BnA radio data. The apparent extended emission associated with
EISD73, EISD77 and EISD151 is due to correlated noise on the NVSS map. Note that the CnB array data (more sensitive to larger scale structure) also shows

no evidence for extended emission associated with these three sources.
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Figure 8. A contour representation of the NVSS radio map of EISD118,
EISD11 and EISD29, with radio contours at (—1, 1, 2, 4, 8, 16, 32, 64,
128) x 1.5 mJy beam~!, and a grey-scale image of the new BnA radio data
overlaid. EISD118 is associated with an extended stripe of emission, with
no counterpart in the BnA array data, indicating that this source is not real.

resolution of the new observations. The NVSS flux densities, despite
their larger uncertainties, probably give a more accurate guide to the
total flux densities of the extended sources.

The distribution of radio source morphologies across the five
different morphological classes defined above is indicated in
Table 1. Fractionally over half of the sources are classified as single-
component sources; this proportion rises to 60 per cent for the fainter
sources (EISD101 to EISD199), whilst the proportion of triple and
multiple sources drops from 16 per cent for the brightest 100 sources
to 7 per cent for the fainter half of the sample. This implies that at
fainter radio flux density levels, a larger fraction of unresolved radio
sources are being picked out.

There is a possible concern that this result stems from additional
faint radio components being missed for fainter radio sources, due
to the relatively low signal-to-noise ratio of current the observa-
tions; it was shown above that extended emission is often missed,
and diffuse emission from an FR I source will also be hard to detect.
However, it is already well-known that fainter radio sources tend to
have smaller projected angular sizes (cf. Oort, Katgert & Windhorst
1987; Neeser et al. 1995), for example, the median projected angular
size of the revised 3CR sample (~100 times brighter in flux density
that the current sample) is 43 arcsec, while that of the 6C sample
(a factor of ~5 fainter than 3CR) is only 14 arcsec (Eales 1985b).
The distribution of projected angular sizes of the EIS-NVSS radio
sources is provided in Fig. 12: the median projected angular size
is found to be 6 arcsec, consistent with the above trend. In terms
of multi-component nature, less than 10 per cent of the 3CR ra-
dio sources would be unresolved at the resolution of the current
observations (Laing et al. 1983), but in the Hubble Deep Field ob-
servations of Richards et al. (1998), which reach about a factor
of 100 deeper than the current sample, at least 25 of the 29 sources
would be classified as single-component sources. The fraction of
single-component sources observed within the EIS sample, and the
trend with radio flux density, are both therefore consistent with these
results. This indicates that whilst there is a legitimate concern that a
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Figure 9. The new radio map of the EISD124 plus EISD137 combination,
overlaid upon the EIS /-band image. Radio contours are at (—1, 1, 2, 4,
8, 16, 32, 64, 128, 256, 512, 1024) x 54 pJy beam~!. EISDI137 is an
unresolved radio source, whilst the other radio components make up northern
and southern lobes of the extended source EISD124.
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Figure 10. The ratio of the 1.4-GHz flux density determined for the EIS-
NVSS sources in the new radio observations compared to the NVSS cata-
logue, as a function of radio source flux density. Note that the new radio
flux densities have been increased by 1.5 per cent in this plot, to account for
the small frequency difference (1425 MHz compared to 1400 MHz) of the
current observations compared to the NVSS, assuming a mean spectral in-
dex of 0.75. The filled circles represent the single-component radio sources
between EISD-1 and EISD-100, and the open circles are all fainter than this,
or extended sources.
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Figure 11. The median ratio of the 1.4 GHz flux density determined for
the EIS-NVSS sources in the new radio observations compared to the NVSS
catalogue, as a function of the angular size of the radio source, for 8 bins
in angular size. The lower values for sources with larger angular extents
implies that some extended emission is being resolved out in the new radio
observations.

Table 1. Distribution of radio source morphologies.

Number of sources
All EISD1-100 EISD101-199

Source structure

Single (S) 101 42 59
Double (D) 66 39 27
Triple (T) 17 11 6
Multiple M) 6 5 1
Extended (E) 2 0 2
Undetected/False 7 3 4

small number of faint radio components may be missed, this should
not dramatically bias the properties of the sample as a whole.

An additional radio feature that is striking in some of the radio
sources is the dramatic difference in integrated flux density between
the two different lobes of the radio source. In cases such as EISD30
and EISDSS5, one lobe is more than 20 times brighter than the other.
In Fig. 13 the flux density ratios of the brighter to the fainter lobe are
displayed for those EIS-NVSS sources where the two lobes could
be clearly defined; the median flux density ratio is 1.7, with quite
a long tail towards large asymmetries. However, this feature is not
unique to this sample, nor indeed to lower power radio sources.
McCarthy, van Breugel & Kapahi (1991) investigated asymmetries
in the 3CR sample, and their results (for radio galaxies and quasars
combined) are also shown on Fig. 13. Although at a slightly higher
radio frequency (5 GHz), which may enhance beaming effects and
therefore increase asymmetries fractionally, it is clear that a com-
parable range of asymmetries are seen in the 3CR sample as in
the EIS-NVSS sample. The median flux density ratio of the 3CR
samples is slightly smaller, at 1.5, and there are fewer sources with
extreme asymmetries, but the differences between the two samples
are not statistically significant. It appears that there is little correla-
tion between lobe flux density asymmetries and the flux density of
the radio source. A more detailed investigation of this property, and
investigation of further radio source asymmetries such as differences
in the lobe lengths and bending angles of the sources, must await
the completion of the host galaxy identifications of the sources.
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Figure 12. The distribution of projected angular sizes of the EIS-NVSS
radio sources. The shaded regions represent upper limits to the unre-
solved radio sources, and those sources whose angular sizes are larger than
100 arcsec.
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Figure 13. The distribution of flux density ratios of the brighter to the fainter
lobe for those EIS-NVSS radio sources in which lobes could be clearly
defined (shaded histogram), compared to the equivalent values for the 3CR
sample (dotted histogram). The latter values are taken from McCarthy et al.
(1991). The final bin contains all sources with flux density ratios in excess
of 10.

6 OPTICAL COUNTERPARTS

6.1 Radio-optical overlays

3 by 3 arcmin? /-band images around each of the radio sources were
retrieved from the EIS data archive. These co-added images use the
conical equal area projection (COE; e.g. Greisen & Calabretta 2002)
around the centre of the EIS Patch D at o = 147.00, § = —21.00, in
order to produce equal area pixels with minimal distortion over the
large 3° by 2° field. The COE projection is not supported by most
data reduction packages; it was therefore locally approximated by
the standard TAN projection by determining the exact pixel posi-
tion on the image cut-outs appropriate for the right ascension and
declination of the radio source, and adjusting the FITS headers so
that the TAN projection gave the correct astrometry at this position.
However, the TAN projection approximation is only precise at the
position of the radio source: the offset between the TAN projec-
tion approximation and the true position in these image cut-outs
will increase with distance from the radio source, reaching nearly a
1 arcsec error at radial distances of an arcmin. This is not important
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because in general only the region at the very centre of the field
around the radio source is of interest, and in any case all optical
positions were determined directly from the EIS catalogue, where
they are precisely calculated from the COE projection.

For all of the true radio sources which are within the EIS field,
I-band optical overlays are presented on the radio maps in Fig. Al.

6.2 Identification likelihood ratios

To investigate possible optical counterparts to the radio sources, a
likelihood analysis was carried out on the /-band catalogue. This
was carried out in two different ways. For single radio component
sources, or those in which a clear radio core is visible on the images,
a simple likelihood analysis based on the relative positions of the
optical galaxies and the radio position was carried out. This like-
lihood ratio technique (e.g. Richter 1975; de Ruiter, Arp & Willis
1977) can be used to statistically investigate whether a proposed
optical identification is the real counterpart of a radio source, and
is summarized in Appendix B. For extended sources with no clear
radio core, a modified likelihood analysis was performed to account
for the much greater uncertainty in the position of the radio source.
In this technique, the distribution of lobe arm-length ratios and lobe
bending angles for the 3CR sample (e.g. Best et al. 1995) is used
to provide a further prior on the expected host galaxy position, and
included in the likelihood analysis; this technique is also described
in Appendix B.

Details of the optical host candidates which had a likelihood ratio
above the cut-off for each of these two analysis are presented in Table
B1. A further two classes of optical candidates were also added to
this table. The first of these are very bright host galaxies which were
either excluded from the EIS catalogue due to saturation, or were
so large that the EIS catalogue position is inaccurate leading to a
low likelihood ratio. The second class of added host candidates are
optical galaxies which lie directly on top of an unresolved ‘lobe’
of extended radio sources, which would have a likelihood ratio in
excess of the cut-off if that radio component were deemed to be
the radio core. These were included due to the possibility that this
unresolved component is actually the active galactic nucleus (AGN)
location, and the radio source is either one-sided or a fainter second
lobe has been missed in the new radio observations. The selection
method by which each optical host candidate is included is noted
in the table. In total, 102 of the 150 detected radio sources within
the EIS optical imaging field have likely optical identifications. For
the remainder, either the true optical host is detected but the radio
source is highly asymmetric and the identification falls below the
likelihood cut-off threshold, or the host galaxy is too faint to be
detected to this optical imaging depth.

For each of the 102 selected optical hosts, the B and V band cat-
alogues were searched for corresponding matches, and magnitudes
of the host galaxies in these bands, where detected, are presented
in Table B1. Also presented in that table for each optical host is
the ‘stellaricity’ (S/G) of the host galaxy in the /-band. This is a
parameter measured by SEXTRACTOR (Bertin & Arnouts 1996) to
help distinguish between stellar (or quasi-stellar) and extended ob-
jects: unresolved objects are assigned a stellaricity value of 1.0, and
clearly resolved objects a value of 0.0, with the range of values in
between providing a likelihood estimate in uncertain cases.

6.3 Notes on individual optical host galaxies

EISD3. In the EIS /-band catalogue the two central objects erro-
neously appear as a single entry at RA 09"50™31532, —21°02'44/4
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with a magnitude of 20.15. In the other two bands they appear as two
separate objects. The optical position was taken from the V-band
data, and the /-band magnitude was re-determined.

EISD6. Two potential optical counterparts are found to this ex-
tended radio source. These have similar likelihood ratios, with the
brighter galaxy to the north marginally favoured.

EISD16. Although there is a weak radio feature towards the centre
of this radio source, it is not clear if this is a core. A likelihood
analysis treating the source as an extended source picks out the
unresolved object associated with a radio structure to the north as
the most likely optical counterpart.

EISD38. The I ~ 19 galaxy lying exactly on the south-eastern
radio component is selected as a potential host galaxy.

EISD41. There are two optical objects identified between the
radio lobes, but neither achieves a likelihood ratio in excess of the
cut-off.

EISDA47. This candidate should be considered very tentative, ow-
ing to the extremely faint /-band magnitude.

EISD60. The faint optical object associated with the western radio
component is kept as a potential id.

EISD87. There are many optical galaxies close to the radio po-
sition, but none achieves a likelihood ratio above the cut-off value.

EISD91. The two optical objects near the centre of the radio
source are blended into a single object in the /-band catalogue. In
the other two bands they appear as two separate objects. The optical
position was taken from the V-band data, and the /-band magnitude
was re-determined.

EISD102. The luminous galaxy coincident with the southern ra-
dio component is retained as a likely optical counterpart.

EISD110. Strangely, this bright optical galaxy is not found within
the EIS /-band catalogue, although it is in the V- and B-band cata-
logues. Its /-band magnitude was measured directly from the image.

EISD120. The faint extended emission seen in the /-band overlay
is not catalogued within the EIS catalogue, but appears convinc-
ingly on the image and so its magnitude and position have been
determined.

EISD123. This bright saturated galaxy is excluded from the EIS
catalogue, but is clearly the optical counterpart to the radio source.
The optical image shows it to be part of a merging system, with
numerous bright tidal features, including a long tidal tail stretching
to the north.

EISD148. The I ~ 19 object coincident with the eastern radio
component is considered a likely optical id.

EISD15S. There is a bright galaxy overlying the northern radio
component, which is identified as a likely counterpart.

EISD162. The likely radio source counterpart is a fainter object
close to a brighter star. Although clearly distinct, these two objects
are not separated in any of the three catalogues. In the /-band the
position and an estimate of the magnitude of the source were deter-
mined from the image.

EISD163. This very bright saturated galaxy is not included in the
optical catalogue. Also known as ESO 566-G 014, it has a redshift
of 0.01559 in the NASA /IPAC Extragalactic Data base (NED). Its
magnitudes quoted there are B = 14.9 £ 0.1, R = 14.0 £ 0.1 and
I=13.7+0.1.

EISD171. Two plausible optical counterparts are picked out by
the likelihood analysis, although in fact there are several /-band
objects close to the radio lobes, the majority of which (including
the two selected candidates) appear to be unresolved. It is not clear
whether either of these is really a good candidate.

EISD178. The galaxy close to the south-western radio lobe is
retained as a plausible optical host.
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Figure 14. The distribution of /-band magnitudes of the objects selected
as likely optical counterparts of the EIS-NVSS radio sources. The 48 radio
sources without a sufficiently likely optical counterpart are not represented
on this plot. The majority of these are likely to be undetected in the EIS
imaging, and hence have I 2 23.5, but some may simply be asymmetric
radio sources for which the true host is optically detected but is not selected
as having a sufficiently high likelihood ratio.

EISD181. This candidate should be considered very tentative,
owing to the extremely faint /-band magnitude.

EISD191. This very bright nearby spiral galaxy has a redshift of
z=0.02935in NED, butin the EIS imaging is saturated and excluded
from the catalogue. The galaxy is also known as ESO 566-G 018,
and has colours from NED of B=14.1 £ 0.1, R=13.1 £ 0.1 and
I=127=+0.1.

6.4 The optical hosts

The distribution of /-band magnitudes of the galaxies selected as
likely optical counterparts to the radio sources is shown in Fig. 14.
For 48 radio sources, no optical counterpart with a sufficiently high
likelihood ratio was found, and so these are not represented on this
plot. Itis likely that the majority of these lie fainter than the / ~ 23.5
magnitude limit of the EIS observations, but some may be brighter
host galaxies which are detected in EIS but do not have sufficiently
high likelihood ratios, for example due to highly asymmetric radio
sources.

The /-band magnitudes can be used to provide a first estimate of
the redshift distribution of the radio sources.! This is because pow-
erful radio sources are invariably hosted by giant elliptical galaxies
with a narrow spread of absolute magnitudes, and hence their mag-
nitudes and redshifts are tightly correlated. These correlations show
least scatter at near-infrared wavelengths (e.g. the K—z relation; Lilly
& Longair 1984) where the emission is dominated by that of old
evolved stars, even at redshifts z ~ 1-2, and so any on-going low-
level star formation or emission associated with the active nucleus
have lesser effect.

! This method is preferred to using the 3-colour information to obtain photo-
metric redshifts, because on comparison with our existing spectroscopic data
(Brookes et al., in preparation) it is found to be more reliable, even when the
template models in the photometric redshift estimation are restricted to only
passive ellipticals. This is undoubtedly due to the small number of available
colours, the fact that apertures are not explicitly matched and the generally
large uncertainties on the B-band magnitudes.

Magnitude-redshift correlations are also found at optical wave-
lengths (e.g. Eales 1985a) although these have more scatter, par-
ticularly for powerful radio galaxies at high redshifts. This is be-
cause powerful radio galaxies with redshift z 2 0.6 display consid-
erable excess blue emission aligned along their radio axes, due to
AGN-related activity or recent star formation (the alignment effect;
McCarthy et al. 1987; Chambers, Miley & van Breugel 1987) The
use of an R—z or /-z relation for 3CR sources beyond that redshift
is therefore not appropriate for the EIS-NVSS sources, which are
expected to be much more passive because the strength of the align-
ment effect is strongly correlated with radio power (Inskip et al.
2003). GigaHertz-peaked spectrum (GPS) sources, however, show
no strong alignment effect, and so their optical magnitude versus
redshift relation may provide a good approximation to that of the
EIS-NVSS sources. Snellen et al. (1996) find that the r—z relation
of GPS radio galaxies can be roughly parametrized as r = 22.7 +
7.4 log z.

Magnitude—redshift relations only hold for the radio galaxies, and
so the quasars must be removed from the sample. Table B1 gives
the BVI colours of the optical candidates and an estimate of the star-
galaxy classification of these in the /-band, using the SEXTRACTOR
stellaricity estimator provided in the EIS catalogue. This estimator
gives a value ranging between 0 (for galaxies) and 1 (for stars). Of
the 102 optical counterparts, the 12 with a stellaricity S/G > 0.9
were classified as likely quasars, as were the further two objects
with stellaricities S/G > 0.6 and colours B — [ < 1.0, as distant
galaxies are unlikely to have colours this blue (the other objects
with 0.6 < S/G < 0.9 all had colours B — I > 1.8, so the exact
choice of colour cut-off is not critical). Note that this fraction of
quasars (~14 per cent) is much lower than the ~30 per cent found
in the brightest radio source samples (e.g. Best et al. 1999), although
some fainter quasars may have been misclassified as galaxies if their
signal-to-noise ratio is too low to allow good differentiation.

The I-magnitudes of the radio galaxy hosts were converted to
r-magnitudes using the K and evolutionary corrections of Poggianti
(1997), for an elliptical galaxy which formed at high redshift with
an exponentially decreasing star formation rate of e-folding time
1 Gyr. These were then used to provide a redshift estimate using the
parametrized r—z relation above. Such conversions are undoubtedly
uncertain at the +0.2 mag level, but are accurate enough to allow
rough redshift estimation and hence a first look at the redshift distri-
bution of the EIS-NVSS sources. The estimated redshift distribution
is shown in Fig. 15. Again, the 48 sources with no acceptable opti-
cal identification are excluded from this plot (as are the quasars for
which redshift estimation was not possible). A large proportion of
these 48 unidentified sources are likely to have I 2 23.5, and hence
lie at redshifts z > 1.5-2. Over a third of the EIS-NVSS sources are
therefore estimated to lie at high redshifts, z = 1.5; spectroscopic
measurements are clearly required, but this sample should indeed
prove ideal for investigation of the reality of a high-redshift decline
of the space density of powerful radio sources.

7 THE CENSORS SAMPLE

7.1 Sample definition

As discussed in Section 3, the flux densities of the sources in the
NVSS catalogue have been re-estimated since the original sample
was defined. In addition, 44 of the EIS-NVSS radio sources lie
outside of the EIS Patch D, five of the NVSS sources within the
optical imaging region have been shown to be false, and some ex-
tended radio sources extend over more than one NVSS component.

© 2003 RAS, MNRAS 346, 627-683
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Figure 15. The estimated redshift distribution of the 89 radio sources with
optical identifications that are not associated with suspected quasars. This
redshift distribution is based solely upon the /-band magnitudes (see text
for details). As in Fig. 14, the 48 radio sources without a sufficiently likely
optical counterpart are not represented on this plot. The majority of these
will be optically undetected to / ~ 23.5, and hence have estimated redshifts
Zest Z 1.75.

These facts require a redefinition of the final sample of radio sources
for further study, which hereafter is referred to as the CENSORS
sample.”

150 of the observed radio sources satisfy the criteria of the CEN-
SORS sample, namely being confirmed radio sources within the
EIS imaging area, and the new sample is defined in Table C1, in
Appendix C. These sources are ordered in order of decreasing flux
density in the latest version (v2.17) of the NVSS catalogue, with
adjustments to these values being made for five sources, marked
with asterisks, due to their overlap with other NVSS sources: for
EISD7 and EISD137, the flux densities of the point sources are ac-
curately determined from the new observations, converted to a 1.400
GHz flux density assuming a spectral index of 0.8, and the NVSS
flux density not accounted for in these point sources is assigned
to EISD44 and EISD124, respectively. For EISD56 the flux den-
sity is calculated excluding the contribution from the nearby point
sources. The median 1.4-GHz flux density of the CENSORS sample
is ~15 mly.

7.2 Sample completeness

The revision in the NVSS flux densities means that there is now a
tail of sources with low flux densities. Considering the most recent
NVSS catalogue, the CENSORS sample includes all of the radio
sources brighter than S; 46y, = 7.2 mJy, together with additional
fainter sources. Further, only three sources brighter than 6.5 mly
were not targeted in the original EISD radio observations, these
being NVSS-J094651-2125 at Sy 46u, = 7.2 mJy, NVSS-J095233-
2129 at 6.8 mJy and NVSS-J095240-2123 at 6.7 mJy. All three of
these sources lie well within the primary beam of the radio observa-
tions of a different EIS-N'VSS source, and so radio data are available
in each case. Their radio—optical overlays are shown in Fig. A3, and
their properties are included in Table C1 as CENSORS-X1 to X3.
Including these three sources in the CENSORS sample makes it

2 Note that this CENSORS numbering system was not used from the start of
this paper, because the EIS-NVSS numbering system is that which corre-
sponds to the VLA radio observations in the archive, and also to the majority
of the infrared and spectroscopic follow-up (Brookes et al., in preparation),
and hence will be required for archive researchers.
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complete for all NVSS sources brighter than S|4y, = 6.5 mly,
with nine additional sources below this limit.

Another recent development is that Blake & Wall (2002) showed
that about 7 per cent of all radio sources are resolved into multi-
ple components by NVSS. This multiple-component effect is seen
within the NVSS sources selected in the current sample, as discussed
above. However, it is clearly also important to consider whether ra-
dio sources which should be above the flux density limit have been
excluded from the sample due to being split into different NVSS
components, each of which fell below the flux density limit. This
was tested in two ways. First the entire NVSS map of the EIS field
was eyeballed to search for potential extended sources with more
than two NVSS components, or of physical extent in excess of 3
arcmin. No promising candidates were found (it should be noted
that (Lara et al. 2001) estimated that only 1 in 10 000 NVSS radio
sources are larger than 3 arcmin in size, and so in a small field like
this, none would be expected). Secondly, using the NVSS catalogue
of this region, a search was made for all NVSS source pairs sepa-
rated by less than 3 arcmin, where the two NVSS sources were both
fainter than 6.5 mJy but the combined flux would put them in to
the sample. From the results of Blake & Wall (2002) about 15 per
cent of all pairs with 3-arcmin separations are expected to be true
double sources, rising to nearly 50 per cent at 2 arcmin, and the vast
majority of smaller separation doubles.

Only two NVSS pairs not already included in the sample were
found with separations below 2 arcmin. One of these is clearly two
distinct radio sources, as one of the sources has a bright optical
counterpart. For the other, neither NVSS source has a clear optical
counterpart, but one of the NVSS sources appears off-centre in one
of the BnA radio maps, and appears unresolved. Also, there is no
evidence in the NVSS map for any extension between the sources.
Therefore it appears that both of these pairs are chance alignments. A
further six NVSS source pairs are found with separations of between
2 and 3 arcmin. Three of these can be excluded as doubles on the
basis of the radio and optical data; a further two are ambiguous, with
no bright optical identifications for either NVSS source, but insuf-
ficient positional accuracy to rule out faint counterparts. However,
these have no apparent extensions in the NVSS, no obvious bright
candidate host galaxy between the two radio lobes (the majority of
large angular separation radio sources have relatively low redshifts),
and flux density ratios =2 between the two NVSS sources, and so
are unlikely to be double radio sources. These source pairs are there-
fore not considered further. The final NVSS source pair, however,
NVSS-J095218-2038 and NVSS-J095223-2041 with flux densities
of 3.6 and 3.8 mJy and a separation of 2.8 arcmin, provide a promis-
ing candidate (cf. Fig. A3). These sources show extensions in the
NVSS indicative of a possible double, have a flux density ratio close
to unity and have no obvious optical counterparts individually, but
do have an [ ~ 22 galaxy situated roughly midway between them.
This pair is therefore provisionally added to the final sample (called
CENSORS-D1) as a possible large double.

8 CONCLUSIONS

A new sample of ~150 radio sources has been defined by combining
the NVSS radio survey with the EIS optical observations over a 3°
by 2° patch of sky. The median radio flux density of these sources
is S1.46H, ~ 15 mly, corresponding to a factor of a few lower flux
densities than existing samples of radio sources with complete red-
shift information. These sources are selected at an ideal flux density
limit to carry out a census of the high-redshift space density of radio
sources, and specifically to investigate the reality of a high-redshift
cut-off in the radio luminosity function. It is shown that the field
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studied is large enough that the effects of radio source clustering
will not dominate the results.

High-resolution VLA radio observations have cleared up ambi-
guities in the radio selected sample and provided accurate positions
and morphologies for these sources. The median radio size of the
sources is 6 arcsec, and approximately half of the sources appear
as single radio component sources; these results are in line with
the trend for lower flux density radio sources to be typically less
extended. The lobe flux ratio asymmetries of the sources are com-
parable to those of the brightest radio sources.

Comparison with the EIS optical imaging has allowed optical
counterparts to be identified for over two-thirds of the radio sources.
Estimated redshifts for these sources, based upon their optical mag-
nitudes, suggest that over a third of the galaxies lie at redshifts z 2>
1.5, confirming the interest in spectroscopic follow-up of this sam-
ple. Infrared imaging to identify the remainder of the sample and the
results of spectroscopic follow-up observations will be presented in
subsequent papers.
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APPENDIX A: PROPERTIES OF
THE RADIO SOURCES

In this appendix, properties of the radio sources are provided.
Table A1 provides details of the original EIS-N'VSS sample of radio
sources, and the observations of these. Radio maps of those sources
which are located within the region of optical imaging of the EIS
survey are shown in Fig. A1, overlaid upon grey-scale images taken
from the /-band EIS data. Radio maps of those which lie outside
of the EIS Patch D are shown in Fig. A2. Table A2 provides the
properties of the radio source components, as derived from these
new radio maps. Fig. A3 shows radio—optical overlays for the four
additional NVSS sources discussed in Section 7.2.

APPENDIX B: THE OPTICAL COUNTERPARTS

In this appendix, the technique used to identify optical galaxies in
the EIS catalogue as the host galaxies of the radio sources is de-
scribed. Then, Table B1 provides details of the optical counterparts,
as determined from the EIS data base.

B1 Maximum likelihood analysis

The likelihood ratio technique (e.g. Richter 1975; de Ruiter et al.
1977) can be used to statistically investigate whether a proposed
optical identification is the real counterpart of a radio source. In this
method, the dimensionless difference between the radio and optical
positions is defined as:

(Aozz A52> 2
r=\-—m=+—7 )

o 0

where Aa and A4 are the differences in RA and Dec. between the
radio and optical positions, and o, and o; are the positional standard
errors on these differences. These have contributions from the un-
certainties in both the radio and optical positions: o, =07 + oiom,
and 0§ = o + o3 . The radio uncertainties for a typical unre-
solved component are about 0.3 arcsec in each direction. Defining
the astrometry of the radio frames to be absolute, the uncertainties in
the optical positions are dominated by the radio—optical astrometric
errors, which are of the order of £0.2 arcsec.

Assuming a random distribution of objects in the EIS survey, the
probability of the nearest random object (c¢) lying at a radius of
between r and r + dr is governed by a Poisson process and can be
written as dp(r|c) = 2ire™" dr, where A = mo.0osp and p is the
number of objects per square arcsecond in the EIS catalogue. The
probability of finding the true optical counterpart (id) of the radio
source at a distance between r and r + dr can be represented by a
Rayleigh distribution: dp(r[id) = r e=*"*/2 dr. The likelihood ratio,
defined as:
dp(rlid) _ ie%(zxq)
dp(r|c) 2\
is therefore an effective estimator to distinguish whether individ-
ual optical galaxies are true optical counterparts in the tail of the
Rayleigh distribution or confusing background sources.

LR(r)=

)

B2 Radio sources with well-defined positions

The likelihood ratio was calculated in this way for every optical
galaxy within 5 arcsec of any single-component radio source, or any
radio source with a clear radio core. To investigate the appropriate
cut-off value of the likelihood ratio, LR > L, then (following de
Ruiter et al. 1977) the completeness C(L) (the fraction of real iden-
tifications which are accepted) and the reliability R(L) (the fraction

© 2003 RAS, MNRAS 346, 627-683

CENSORS -1 641

of accepted identifications which are correct) of the sample can be
determined for different values of L according to the equations:

1

CLy=1-= Y pilidir)
lld LR <L

R =1=5 " plelr)

d
LR >L

where p;(id|r) and p;(c|r) are the posteriori probabilities for an object
found at a normalized distance r to be the true optical counterpart of
the radio source or a confusing background object, respectively, and
Niq is the total number of real identifications obtained by summing
pi(id|r) for all sources. If the a priori probability of finding an optical
counterpart to a source is written as p(id) = ¢ then these probabilities
can be written as:

PLR; e 1-¢
PR, +1— ¢’ piclr) = PLR, +1—¢

and hence, from ¢ and the values of LR;, the completeness and the
reliability of the sample can be computed as a function of L.

To obtain an estimate of ¢, for all of the single-component radio
sources or those with a clear core, the angular separation between
the radio position and the nearest optical galaxy was calculated, and
the distribution of these is shown in Fig. B1. There is a clear peak
of optical objects associated with the radio sources at small angular
offsets, with the excess essentially continuing out to about 1 arcsec.
55 of the 87 sources are found within this radius, and a value of
¢ ~ 55/87 = 0.63 is adopted.

Adopting this value of ¢, the completeness and reliability of the
optical identifications are shown as a function of the likelihood ratio
cut-off in Fig. B2. The average of these two functions peaks for
likelihood ratio cut-offs in the range 0.3 < L < 1.2; a cut-off value
of L =1 is therefore adopted. At this value, the completeness of the
optical identifications should be ~99 per cent (meaning that for all
radio sources whose optical host is bright enough to be detected in
the EIS-D catalogue, 99 per cent of them will have been found), and
a reliability of over 94 per cent.

pilidin) =

B3 Extended radio sources

Where no clear radio core is detected for a double, triple, or mul-
tiple component radio source, the source extent introduces an ad-
ditional uncertainty into the radio position which must be correctly
accounted for in order to accurately estimate the reliability, com-
pleteness and identification fraction of the sample.

Bright radio source samples such as the revised 3CR sample
(Laing et al. 1983), for which optical identifications have been made
for essentially all sources, are known to frequently have two ra-
dio lobes of unequal length, or to show a bend in their radio jets.
These parameters can be quantified as the separation quotient, Q
=6,/0,, where 8, and 6, are the angular distances from the cores
to the hotspots of the longer and shorter lobes respectively, and the
asymmetry angle, &, that is defined as 180° minus the observed an-
gle between vectors drawn from the nucleus of the radio source to
the hotspots. From these two parameters and the size of the radio
source (Dy,q = 01 + 02, assuming that £ is small), expressions can
be derived for the expected displacement of the central optical ob-
ject along and perpendicular to (respectively) the main radio axis
that connects the two hotspots:

| | 0-1 | £
og = 5(91 —6) = EDrad ESUA O ™ EDl‘ad tanz

assuming that Q is close to unity and £ is relatively small.
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Table Al. Details of the EIS-NVSS sample of radio sources. The flux densities quoted are at 1.4 GHz as extracted from the most recent version of the NVSS
catalogue (version 2.17, issued July 2002). The rms noise is that on the final image produced from the new VLA observations (after combination of array
configurations where appropriate) presented in this paper.

Source TIAU Name RA (NVSS) Dec S’;{X‘f}%x Observation Date rms
(J2000) [mJy] BnA array CnB array [WJy]
EISD1 NVSS-J095129-2050 09 51 29.17 —205028.6 659.5 + 19.8 15/06/1998 - 65
EISD2 NVSS-J094650-2020 09 46 50.28 —202044.1 4523+ 13.6 15/06/1998 - 58
EISD3 NVSS-J095031-2102 09 50 31.40 —210243.0 3553+ 10.7 15/06/1998 - 49
EISD4 NVSS-J094905-1957 09 49 05.67 —195710.6 302.1 + 10.0 15/06/1998 - 35
EISD5 NVSS-J095953-2148 09 59 53.89 —214847.7 299.6 + 10.5 15/06/1998 - 47
EISD6 NVSS-J094953-2156 09 49 53.57 —2156174 283.0+9.5 15/06/1998 - 33
EISD7 NVSS-J095143-2123 09 51 43.69 —2123564 2462+ 74 15/06/1998 30/04/2001 32
EISD8 NVSS-J095344-2135 09 53 44.01 —213551.7 2447+ 8.2 15/06/1998 - 34
EISD9 NVSS-J095812-2144 09 58 12.96 —214441.0 196.9 £ 59 15/06/1998 - 48
EISD10 NVSS-J094557-2116 09 45 57.05 —211648.2 1482 £ 5.1 15/06/1998 - 42
EISDI11 NVSS-J095730-2130 09 57 30.00 —213058.2 126.3 £ 3.8 15/06/1998 - 44
EISD12 NVSS-J094935-2156 09 49 35.38 —2156232 1182+ 3.6 15/06/1998 - 40
EISD13 NVSS-J094427-2116 09 44 27.26 —211610.8 100.8 + 3.1 15/06/1998 - 48
EISD14 NVSS-J095951-2053 09 59 51.08 —2053189 872 +2.7 15/06/1998 - 38
EISD15 NVSS-J095329-2002 09 53 29.54 —-200213.0 78.1 £24 15/06/1998 - 40
EISD16 NVSS-J094727-2126 09 47 27.03 —212621.0 794 £29 15/06/1998 30/04/2001 28
EISD17 NVSS-J094433-2105 09 44 33.17 —210507.2 739+23 15/06/1998 - 45
EISD18 NVSS-J094641-2029 09 46 41.16 —202926.0 704 £2.6 15/06/1998 - 47
EISD19 NVSS-J094508-2038 09 45 08.44 —203807.9 69.1 +2.1 15/06/1998 - 42
EISD20 NVSS-J095428-2156 09 54 28.91 —215653.6 66.3 +2.7 15/06/1998 - 29
EISD21 NVSS-J095447-2059 09 54 47.70 —2059434 65.6+24 15/06/1998 - 43
EISD22 NVSS-J094651-2053 09 46 51.17 —-2053175 63.0+19 15/06/1998 - 35
EISD23 NVSS-J095751-2133 09 57 51.31 —2133215 61.7+23 15/06/1998 - 60
EISD24 NVSS-J095242-1958 09 52 42.99 —195820.0 61.5+23 15/06/1998 - 32
EISD25 NVSS-J095513-2123 09 55 13.61 —212303.2 583+1.8 15/06/1998 - 32
EISD26 NVSS-J095904-2008 09 59 04.87 —200805.0 577+22 15/06/1998 - 37
EISD27 NVSS-J095330-2135 09 53 30.49 —2135589 55.1+21 15/06/1998 - 46
EISD28 NVSS-J094758-2121 09 47 58.99 —212150.6 540+ 1.7 15/06/1998 - 41
EISD29 NVSS-J095730-2132 09 57 30.82 —213237.7 529+ 1.7 15/06/1998 - 32
EISD30 NVSS-J094604-2115 09 46 04.78 —211508.8 542421 15/06/1998 - 36
EISD31 NVSS-J095629-2001 09 56 29.93 —200130.5 524420 15/06/1998 - 32
EISD32 NVSS-J095438-2104 09 54 38.38 —2104253 51.0+ 1.6 15/06/1998 - 46
EISD33 NVSS-J095433-2205 09 54 33.72 —2205222 50.1+19 15/06/1998 - 40
EISD34 NVSS-J094804-2147 09 48 04.06 —214736.5 492+19 15/06/1998 - 33
EISD35 NVSS-J095902-2039 09 59 02.43 —203945.7 47.0+2.1 15/06/1998 - 42
EISD36 NVSS-J095217-2008 0952 17.76 —200835.3 44+14 15/06/1998 - 29
EISD37 NVSS-J095825-2044 09 58 25.97 —204451.3 425+14 15/06/1998 - 31
EISD38 NVSS-J094631-2026 09 46 31.42 —202610.2 40.1+19 15/06/1998 - 46
EISD39 NVSS-J094815-2140 09 48 15.71 —214005.1 382+1.6 15/06/1998 - 36
EISD40 NVSS-J094556-2028 09 45 56.53 —202831.3 37.8+£2.0 15/06/1998 30/04/2001 35
EISD41 NVSS-J094519-2142 09 45 19.62 —2142395 373+£1.5 15/06/1998 - 45
EISD42 NVSS-J095827-2105 09 58 27.40 —210526.5 36.0+1.2 15/06/1998 - 35
EISD43 NVSS-J095141-2011 09 51 41.06 —201117.9 353+£1.5 15/06/1998 - 25
EISD44 NVSS-J095150-2125 09 51 50.39 —2125144 339+23 15/06/1998 30/04/2001 22
EISD45 NVSS-J095304-2044 09 53 04.75 —204409.6 343+1.1 15/06/1998 - 33
EISD46 NVSS-J094455-2017 09 44 55.53 —2017 14.6 343+ 14 15/06/1998 - 45
EISD47 NVSS-J094753-2147 09 47 53.64 —214719.2 342+ 1.1 15/06/1998 - 34
EISD48 NVSS-J095452-2119 09 54 52.43 —211928.38 341+14 15/06/1998 - 34
EISD49 NVSS-J095925-2006 09 59 25.82 —200640.3 329+20 15/06/1998 - 39
EISD50 NVSS-J095724-2203 09 57 24.19 —220352.6 33.1+1.1 15/06/1998 - 44
EISD51 NVSS-J094933-2127 09 49 33.26 —212707.7 323+ 1.1 15/06/1998 - 29
EISD52 NVSS-J094919-2151 09 49 19.33 —2151354 31.8+ 14 15/06/1998 - 35
EISD53 NVSS-J095116-2056 09 51 16.85 —2056352 317+ 1.1 15/06/1998 - 50
EISD54 NVSS-J094836-2106 09 48 36.08 —210623.0 315+ 1.1 15/06/1998 - 32
EISD55 NVSS-J095058-2114 09 50 58.79 —211418.38 309+1.3 15/06/1998 - 35
EISD56 NVSS-J094728-2128 09 47 28.89 —212835.8 28.5+29 15/06/1998 30/04/2001 28
EISD57 NVSS-J095816-2018 09 58 16.61 —201854.3 29.6 + 1.3 15/06/1998 - 42
EISD58 NVSS-J094918-2054 0949 18.12 —205452.5 275+1.7 15/06/1998 - 45
EISD59 NVSS-J094453-2046 09 44 53.65 —204635.9 28.6+ 1.0 15/06/1998 - 39
EISD60 NVSS-J095201-2115 09 52 01.84 —211550.7 26.5+09 15/06/1998 - 29
EISD61 NVSS-J095940-2034 09 59 40.85 —2034483 263+1.2 15/06/1998 - 40
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Table A1 - continued

Source IAU Name RA (NVSS) Dec STXE}?—IL Observation Date rms
(J2000) [mly] BnA array CnB array [Wy]

EISD62 NVSS-J095427-2029 09 54 27.08 —202946.7 26.1 £0.9 15/06/1998 - 28
EISD63 NVSS-J094703-2050 09 47 03.48 —205002.0 252 4+0.9 15/06/1998 - 33
EISD64 NVSS-J095259-2148 09 52 59.24 —214841.4 264 +0.9 15/06/1998 - 34
EISD65 NVSS-J095403-2025 09 54 03.09 —-202513.3 252 +09 15/06/1998 - 31

EISD66 NVSS-J095743-2006 09 57 43.07 —20 06 36.1 255+12 15/06/1998 - 46
EISD67 NVSS-J095323-2013 09 53 23.15 —201343.6 23.8+0.9 15/06/1998 - 26
EISD68 NVSS-J095428-2039 09 54 28.16 —203928.2 242 4+09 15/06/1998 - 46
EISD69 NVSS-J095212-2102 09 52 12.79 —210236.2 2234+0.8 15/06/1998 - 36
EISD70 NVSS-J095130-2204 09 51 30.71 —220427.7 223+ 1.1 15/06/1998 - 30
EISD71 NVSS-J094930-2023 09 49 30.68 —2023334 214408 15/06/1998 - 27
EISD72 NVSS-J094542-2115 09 45 42.59 —2115423 21.7+0.8 15/06/1998 - 41

EISD73 NVSS-J095546-2126 09 55 46.10 —212655.6 18.9 £3.3 15/06/1998 30/04/2001 20
EISD74 NVSS-J095320-2143 09 53 20.62 —214358.7 214 +0.8 15/06/1998 - 53
EISD75 NVSS-J095122-2151 09 51 22.83 —215152.0 21.7+0.8 15/06/1998 - 32
EISD76 NVSS-J095132-2100 09 51 32.53 —210027.2 216 £1.1 15/06/1998 - 36
EISD77 NVSS-J095523-2128 09 55 23.78 —212830.5 19.6 £2.3 15/06/1998 30/04/2001 18
EISD78 NVSS-J095043-2126 09 50 43.23 —212637.6 208 £ 1.1 15/06/1998 - 34
EISD79 NVSS-J094855-2103 09 48 55.29 —2103574 20.7 £ 0.8 15/06/1998 - 29
EISD80 NVSS-J095121-2129 09 51 21.17 —212954.6 207+ 1.1 15/06/1998 - 36
EISDS81 NVSS-1094842-2152 09 48 42.34 —215226.1 9.1 £1.1 15/06/1998 - 34
EISD82 NVSS-J094801-2009 09 48 01.89 —2009 11.7 18.5+0.7 15/06/1998 - 37
EISD83 NVSS-J095148-2031 09 51 48.71 —2031534 18.9 £ 0.7 15/06/1998 - 28
EISD84 NVSS-J094945-2150 09 49 45.77 —215004.8 184 +£0.7 15/06/1998 - 35
EISD85 NVSS-J094859-2050 09 48 59.96 —-205007.9 18.1+£1.0 15/06/1998 09/06/2002 27
EISD86 NVSS-J095512-2123 095512.44 —212309.6 153 £33 15/06/1998 - 33
EISD87 NVSS-J095726-2013 09 57 26.12 —201304.3 179+ 1.0 15/06/1998 - 28
EISD88 NVSS-J094529-2118 09 45 29.43 —211848.8 183 +0.7 15/06/1998 - 49
EISD89 NVSS-J095731-2120 09 57 31.82 —2120254 173+ 0.7 15/06/1998 - 52
EISD90 NVSS-J095046-2132 09 50 46.78 —213251.1 174 £ 1.1 15/06/1998 - 29
EISD91 NVSS-J095451-2130 09 5451.94 —213017.5 172 £0.7 15/06/1998 - 28
EISD92 NVSS-J095602-2156 09 56 02.35 —215602.9 17.0 £ 0.7 15/06/1998 - 29
EISD93 NVSS-J095541-2039 09 55 41.86 —203939.3 16.7+£0.7 15/06/1998 - 37
EISD9%4 NVSS-J095628-2048 09 56 28.15 —204844.5 162+ 0.7 15/06/1998 - 40
EISD95 NVSS-J094428-2038 09 44 28.80 —203800.3 162 £ 1.0 15/06/1998 - 43
EISD96 NVSS-J094929-2129 09 49 29.71 —212938.8 16.0 £ 0.7 15/06/1998 - 28
EISD97 NVSS-J094925-2037 09 49 25.95 —2037245 16.5+0.7 15/06/1998 - 30
EISD98 NVSS-J094526-2033 09 45 26.88 —203352.8 157+ 1.0 15/06/1998 - 43
EISD99 NVSS-J094446-2050 09 44 46.39 —205000.8 157+ 1.1 15/06/1998 - 45
EISD100 NVSS-J095843-2051 09 58 43.82 —2051 30.1 154 +£0.7 15/06/1998 - 35
EISDI101 NVSS-J095844-2031 09 58 44.74 —203115.0 148 £0.7 15/06/1998 - 27
EISD102 NVSS-J095746-2123 09 57 46.01 —2123265 153+0.7 15/06/1998 - 37
EISD103 NVSS-J095545-2125 09 55 45.86 —2125270 135+1.2 15/06/1998 30/04/2001 20
EISD104 NVSS-1094942-2037 09 49 42.89 —2037445 150+ 0.7 15/06/1998 - 31

EISD105 NVSS-J095416-2129 09 54 16.90 —2129124 145+ 14 19/06/1998 30/04/2001 40
EISD106 NVSS-J094548-2159 09 45 48.34 —215908.6 146 +1.1 15/06/1998 - 43
EISD107 NVSS-J095559-2042 09 55 59.27 —2042532 14.6 £ 0.7 15/06/1998 - 26
EISD108 NVSS-J095741-1955 09574191 —195557.0 142 +1.0 15/06/1998 - 25
EISD109 NVSS-1094447-2058 09 44 47.38 —205814.7 14.0 £ 0.6 15/06/1998 - 42
EISD110 NVSS-J095453-2115 09 54 53.16 —2115123 145+ 0.6 15/06/1998 - 32
EISDI111 NVSS-J094556-2120 09 45 56.28 —2120489 132 £0.6 15/06/1998 30/04/2001 15

EISD112 NVSS-J095523-2130 09 55 23.96 —-2130029 134+1.0 15/06/1998 30/04/2001 18
EISD113 NVSS-J095053-2133 09 50 53.40 —2133014 13.6 £ 0.6 15/06/1998 - 37
EISD114 NVSS-J094734-2126 09 47 34.67 —212658.5 128 £ 0.6 15/06/1998 30/04/2001 28
EISD115 NVSS-J094445-2146 09 44 45.29 —214621.0 134 £ 0.6 15/06/1998 - 36
EISD116 NVSS-J095129-2016 09 51 29.60 —-201641.5 135+ 0.6 15/06/1998 - 28
EISD117 NVSS-J095309-2001 09 53 09.44 —-200122.3 13.0+£ 1.0 15/06/1998 - 37
EISD118 NVSS-J095724-2129 09 57 24.26 —2129433 10.6 = 1.9 15/06/1998 - 35
EISD119 NVSS-J094520-2201 09 45 20.94 —220118.1 13.1 £ 0.6 15/06/1998 - 43
EISD120 NVSS-J094804-2034 09 48 04.23 —2034359 132+ 0.6 15/06/1998 - 33
EISDI121 NVSS-J095456-2205 09 54 56.93 —220505.8 108 £ 1.6 15/06/1998 - 27
EISD122 NVSS-J095255-2052 09 52 55.86 —205207.0 126 £ 1.1 15/06/1998 30/04/2001 18
EISDI123 NVSS-1095421-2148 09 54 21.85 —214804.1 122+12 15/06/1998 - 37
EISD124 NVSS-J094810-2001 09 48 10.05 —200158.1 121+14 15/06/1998 30/04/2001 18
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Table A1 — continued

Source TIAU Name RA (NVSS) Dec SI]‘I' Xa}h Observation Date rms
(J2000) [mly] BnA array CnB array [yl

EISD125 NVSS-J094521-2043 094521.17 —204318.3 122 £ 0.6 15/06/1998 - 42
EISD126 NVSS-J095436-2144 09 54 36.25 —2144379 120+1.2 15/06/1998 - 42
EISD127 NVSS-J094822-2105 0948 22.17 —210508.4 127+ 0.6 15/06/1998 - 36
EISD128 NVSS-J095816-2058 0958 16.47 —205823.7 105+ 1.3 15/06/1998 - 32
EISD129 NVSS-J095620-2203 09 56 20.42 —220347.7 113+ 0.6 15/06/1998 - 40
EISD130 NVSS-J094935-2158 09 49 35.26 —215808.4 11.8 £ 0.6 15/06/1998 - 42
EISDI131 NVSS-J094925-2005 09 49 25.83 —-2005184 120+ 0.6 15/06/1998 - 36
EISD132 NVSS-J094618-2037 09 46 18.92 —2037584 122+ 0.6 15/06/1998 - 44
EISD133 NVSS-J095702-2156 09 57 02.06 —215650.7 11.6 £ 0.6 15/06/1998 - 33
EISD134 NVSS-J094649-2116 09 46 49.75 —211647.0 111+ 1.1 15/06/1998 30/04/2001 13
EISD135 NVSS-J095851-2110 09 58 51.31 —-2110204 114+1.1 15/06/1998 - 38
EISD136 NVSS-J095048-2154 09 5048.49 —215455.0 115+ 0.6 15/06/1998 - 40
EISD137 NVSS-J094813-1959 0948 13.10 —195954.7 100+ 1.2 15/06/1998 30/04/2001 18
EISD138 NVSS-J094724-2105 09 47 24.55 —210505.6 10.6 £ 0.6 15/06/1998 - 39
EISD139 NVSS-J095250-2131 09 52 50.33 —2131473 114+0.6 15/06/1998 - 39
EISD140 NVSS-J095933-2114 09 59 33.68 —211450.8 89+1.6 15/06/1998 - 40
EISD141 NVSS-J095511-2030 095511.87 —203020.6 10.1+£1.3 15/06/1998 30/04/2001 25
EISD142 NVSS-J095607-2005 0956 07.01 —200540.6 105+ 0.6 15/06/1998 - 36
EISD143 NVSS-J095735-2029 09 57 35.04 —-202931.7 9.6 £ 0.6 15/06/1998 - 36
EISD144 NVSS-J094450-2017 09 44 50.70 —201735.2 10.5+0.6 15/06/1998 - 60
EISD145 NVSS-J095739-2003 09 57 39.46 —200318.5 10.7 £ 0.6 15/06/1998 - 28
EISD146 NVSS-J095642-2119 09 5642.22 —-211941.8 9.8 +0.6 15/06/1998 - 39
EISD147 NVSS-J095857-2034 09 58 57.31 —203419.2 8.1+£13 15/06/1998 - 38
EISD1438 NVSS-J094538-2111 09 45 38.34 =211112.1 103+ 1.0 15/06/1998 09/06/2002 30
EISD149 NVSS-J094744-2112 09474472 —211229.8 10.0 £ 0.6 15/06/1998 - 48
EISD150 NVSS-J094710-2035 0947 10.23 —203553.0 9.7+ 0.6 15/06/1998 - 53
EISDI151 NVSS-J095553-2127 09 5553.71 2127121 454+0.8 15/06/1998 30/04/2001 20
EISD152 NVSS-J095927-2003 09 59 27.65 —2003 14.8 9.7+ 0.6 15/06/1998 - 43
EISD153 NVSS-J095649-2035 09 56 49.68 —2035239 10.2 £ 0.6 15/06/1998 - 36
EISD154 NVSS-J095210-2050 09 52 10.86 —205008.2 10.1 £ 0.6 15/06/1998 - 52
EISDI155 NVSS-J095724-2022 09 57 24.53 —202236.3 9.6+ 1.0 15/06/1998 - 37
EISD156 NVSS-J095637-2019 09 56 37.01 —201902.6 9.0+ 0.6 15/06/1998 - 37
EISD157 NVSS-J094902-2115 0949 02.13 —211504.7 9.4 4+0.6 15/06/1998 - 42
EISD158 NVSS-J094443-2144 09 44 43.88 —2144385 9.34+0.6 15/06/1998 - 60
EISD159 NVSS-J095357-2036 09 53 57.45 —203652.0 9.1+£0.6 15/06/1998 - 34
EISD160 NVSS-J095849-2117 09 58 49.60 2117355 8.8 £0.6 19/06/1998 - 29
EISDI161 NVSS-J094748-2048 09 47 48.46 —204835.7 94+0.6 15/06/1998 - 39
EISD162 NVSS-J095638-2010 09 56 38.86 —201044.1 41408 19/06/1998 09/06/2002 30
EISD163 NVSS-J094910-2021 0949 10.67 —2021525 8.7+0.6 19/06/1998 - 33
EISD164 NVSS-J095201-2024 095201.26 —202454.0 9.0+0.5 19/06/1998 - 39
EISD165 NVSS-J095410-2158 09 54 10.47 —215800.6 9.5+0.6 19/06/1998 - 45

EISD166 NVSS-J095604-2144 0956 04.41 —214436.3 9.6 £ 0.6 19/06/1998 - 41

EISD167 NVSS-J094602-2151 09 46 02.57 —2151404 79 £0.6 19/06/1998 - 20
EISD168 NVSS-J094450-2007 09 44 50.35 —200735.5 8.4 +0.6 19/06/1998 - 48
EISD169 NVSS-J095148-2133 09 5148.92 —2133372 82+£0.6 19/06/1998 - 58
EISD170 NVSS-J095226-2001 09 52 26.52 —200105.2 83+£0.6 19/06/1998 - 46
EISD171 NVSS-J094750-2142 09 47 50.04 —214217.2 84+13 19/06/1998 - 43
EISD172 NVSS-J095722-2101 095722.22 —2101034 82+0.5 19/06/1998 - 35
EISD173 NVSS-J095431-2035 09 54 31.12 —203540.0 8.7+0.5 19/06/1998 - 40
EISD174 NVSS-1094902-2016 09 49 02.62 —201609.8 83+£05 19/06/1998 - 46
EISD175 NVSS-J094922-2118 0949 22.34 —211819.5 84+£0.5 19/06/1998 - 45

EISD176 NVSS-J095820-2139 09 58 20.40 —2139133 75+£12 19/06/1998 - 58
EISD177 NVSS-J095527-2046 09 55 27.05 —204607.9 7.1 £0.6 19/06/1998 - 43
EISD178 NVSS-J094748-2100 0947 48.27 —210044.9 7.8 £0.6 19/06/1998 - 37
EISD179 NVSS-1094959-2127 09 49 59.68 —212719.0 6.0+ 0.6 19/06/1998 - 48
EISD180 NVSS-J094912-2200 0949 12.22 —220029.2 6.9+ 0.6 19/06/1998 - 53
EISD181 NVSS-J095441-2049 09 5441.98 —204947.1 75+£0.6 19/06/1998 - 33
EISD182 NVSS-J094949-2134 09 49 49.04 —2134328 7.8 £0.6 19/06/1998 - 40
EISD183 NVSS-J095129-2025 09 5129.20 —202540.9 78+12 19/06/1998 30/04/2001 14
EISD184 NVSS-1094507-2109 0945 07.57 —210928.0 6.4+0.6 19/06/1998 - 52
EISD185 NVSS-J095212-2140 0952 12.69 —214027.6 4.0+0.7 19/06/1998 30/04/2001 18
EISD186 NVSS-1094924-2111 0949 24.70 —211110.0 83+05 19/06/1998 - 52
EISD187 NVSS-J095038-2141 09 50 38.48 —214115.1 74+12 19/06/1998 30/04/2001 23
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Source TIAU Name RA (NVSS) Dec STXE}?—IL Observation Date rms
(J2000) [mly] BnA array CnB array [Wy]
EISD188 NVSS-1094746-2127 094746.11 —2127443 6.1 £0.6 19/06/1998 - 47
EISD189 NVSS-J094552-2014 09 45 52.01 —201441.8 6.6 +0.6 19/06/1998 - 60
EISD190 NVSS-J095937-2038 09 59 37.53 —203821.9 74+£0.5 19/06/1998 - 44
EISDI191 NVSS-J1095027-2148 09 50 27.69 —214809.2 54+0.6 19/06/1998 - 41
EISD192 NVSS-J095912-2012 0959 12.27 —2012544 54+0.6 19/06/1998 - 49
EISD193 NVSS-1095056-1955 09 50 56.59 —195508.3 59+0.6 19/06/1998 - 36
EISD194 NVSS-1094527-2057 09 45 27.50 —205747.8 38+£0.7 19/06/1998 30/04/2001 17
EISD195 NVSS-J095715-2030 0957 15.62 —203034.0 6.3+0.6 19/06/1998 - 42
EISD196 NVSS-1095002-2205 09 50 02.94 —2205349 5.1+0.6 19/06/1998 - 57
EISD197 NVSS-1094522-2036 09 45 22.09 —2036129 424+0.7 19/06/1998 - 57
EISD198 NVSS-J095850-2108 09 58 50.83 —210814.9 6.1 £0.6 19/06/1998 - 43
EISD199 NVSS-1094526-2154 09 45 26.51 —2154573 6.8 0.5 19/06/1998 - 43

Table A2. Properties of the radio sources. For each of the sources, the nature of the source (S = single, D = double, T = triple, M = multiple, E = extended
diffuse), the integrated and peak flux densities in the new radio observations, the position angle (PA) and largest angular size (Dy,q) of the radio source, and
the location and flux of the radio components are all listed. In addition, for each source a “radio source position” is given; for extended sources, this is the
location of the radio core, where one is unambiguously detected, or the flux-weighted mean position of the radio emission where no clear core exists. Notes
are provided in the text for sources marked with an ‘N’.

Name Morph. Sint PA Drad Spcak Sc()mp A comp (J2000) (Sc(ymp @ sour (J2000) 8 sour Notes
mly) () ybm)  (mly) (hms) e (hms) e
EISD1 D 634912 113 5.0 3923 4344 £03 095129.00 —-205029.7 095129.07 —205030.1
162.9 196.7+£03 09512933 —205031.7
EISD2 S 434713 132 0.9 427.0 4322+£04 09465021 —2020444 09465021 2020444
EISD3 S 3487+12 130 0.7 340.0 3464+04 09503139 —210244.8 09503139 —210244.8
EISD4 M 221.1+£25 130 384 28.1 3454+£02 09490482 —1956585 09490581 —195711.2
6.7 1198 +£25 09490543 —195707.7
242 241+£02 09490581 —195711.2
523 57.1£02 09490691 —195723.0
EISDS5 T 262.8 £2.0 148 14.8 512 1186 £04 095953.73 —2148425 09595399 2148483
20.8 758+03 095954.12 2148514
522 68.1£02 09595430 —214855.1
EISD6 T 2309 £ 2.1 57 29.5 493 60.7+£02 09495246 2156289 094953.60 —2156184
10.2 245+£03 09495279 —215624.1
82.3 146.7£05 09495424 —2156129
EISD7 S 2362+13 53 1.8 196.9 2305+04 09514363 —212358.0 095143.63 —212358.0 N
EISD8 T 2353+21 145 31.7 154.0 1646 £04 095343.67 —2135445 09534442 2136025
0.4 04+0.1 09534442 2136025
58.0 635+£02 09534496 —213610.6
EISD9 D 189513 179 8.1 56.7 86.8+0.3 095813.08 —2144387 (095813.08 —214443.0
56.5 99.4+£03 095813.09 —214446.38
EISD10 M 1147+£27 41 322 5.6 259+0.7 09455597 2117063 094556.71 2116544
33 34+£02 094556.71 —-211654.4
27.1 30503 094557.14 2116482
242 476+£03 09455748 2116419
EISD11 S 1435+£12 6l 5.8 91.7 1416 £05 095730.07 —213059.8 095730.07 —213059.8
EISD12 S 109.0 £ 0.3 <0.6 108.2 1090+ 03 09493543 —215623.5 09493543 —215623.5
EISD13 S 87.9+14 105 2.0 73.4 838+0.2 094427.14 -211611.0 094427.14 -211611.0
EISD14 D 80.8+1.0 121 33 354 394+02 095951.06 —205319.0 095951.16 —205319.9
39.8 426+02 09595126 —205320.7
EISD15 S 101.1 =04 <0.6 100.4 101.1 £02 09532951 —2002125 09532951 —2002125 N
EISD16 T 782 +2.1 176 66.5 29 13.6 204 09472686 —212625.1 09472699 2126226 N
339 512+£03 09472698 —212616.7
2.6 79+£03 09472732 —-212721.7
EISD17 S 792+04 121 1.3 78.0 7924+02 09443314 —-210508.0 094433.14 —210508.0
EISD18 S 66.8 £ 1.5 73 1.8 51.7 61.6+£02 094641.13 —2029273 094641.13 —2029273
EISD19 S 588+ 1.0 85 2.4 46.7 595+£02 09450838 —203809.1 094508.38 —203809.1
EISD20 S/T 532+£23 152 21/413 39.5 508 +£03 09542897 2156550 09542897 —215655.0 N
0.6 06+0.1 095428.09 —215634.0
1.5 1.6 £0.1 09542758 —215617.7
EISD21 D 579+£12 22 10.0 17.5 278+£03 09544752 2059486 095447.66 —205943.8
20.6 304+0.2 09544779 2059394
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Table A2 — continued

Name Morph. Sint PA Drag S peak Scomp & comp (J2000) Scomp sour (J2000) 8 our Notes
(mly) ¢y () (mlybmh (mly) (hms) (G (hms) (G
EISD22 D 60.7+ 1.1 43 6.1 19.1 206+02 09465092 —205320.7 094651.12 —205317.8
383 39.6+02 09465122 —205316.2
EISD23 D 54717 140 13.1 12.4 184+£02 095751.08 —213318.6 09575142 —2133242
124 232+03 095751.68 —213328.6
EISD24 D 475+£17 143 11.2 19.4 241+03 09524274 —1958165 09524295 —195820.4 N
15.1 19.0+03 09524322 —1958254
EISD25 S 593+08 34 0.8 55.1 56.8+03 095513.60 —212303.1 095513.60 —212303.1 N
EISD26 D 55.6+22 57 39.9 1.8 21+02 09590260 —2008272 09590488 —200806.6
41.7 485+02 09590498 —200805.7
EISD27 M 51.7+1.6 11 239 3.7 86+05 09533040 2136114 095330.69 —213550.0
4.0 10.1+£04 09533044 —213605.0
3.9 70+£05 09533048 —213552.6
2.4 17.1+£08 095330.74 —2135479
EISD28 S 50.8+0.4 <1.0 50.6 50.8+02 09475894 —2121509 09475894 —212150.9
EISD29 D 596+ 1.1 3 4.6 295 31602 09573092 2132416 09573092 —2132395
23.6 27.1+£02 09573093 —213237.0
EISD30 D 440+£06 163 7.1 415 4324+03 09460474 —211510.7 09460475 2115114
0.9 0.8+0.1 094604.58 —211504.0
EISD31 D 445+12 11 21.7 215 274+04 09562990 —200139.0 095630.01 —200131.0
9.5 164+£05 095630.19 —200117.7
EISD32 S 482+0.8 143 1.4 43.1 484403 09543833 —2104251 09543833 —210425.1
EISD33 D 46.0 £1.7 5 37.0 6.0 152+£05 09543358 —220543.1 09543370 —2205223
7.0 19.6+£06 09543379 —220506.2
EISD34 S 41.2+£03 <0.7 40.6 41.2+03 094804.05 —214736.8 094804.05 —214736.8
EISD35 D 298+23 131 29.3 9.6 157+£05 09590222 —203953.6 09590235 —203951.0
0.4 1.5+£05 09590350 —203931.0
EISD36 S 387+£09 82 2.1 34.8 393+04 095217.69 —2008362 095217.69 —200836.2
EISD37 S 36.5+04 <0.8 36.5 36.5+04 09582609 —2044527 095826.09 —204452.7
EISD38 T 35028 115 17.6 7.7 157+£0.7 09463097 —202607.6 09463132 —202607.2 N
2.5 26+£02 09463151 —202546.4
5.0 63+03 09463211 —202614.9
EISD39 M 325+£1.7 157 276 35 98+04 09481554 —2139558 09481571 —214006.3
10.6 11.4+04 09481571 —214006.3
1.1 3104 09481580 —214015.9
0.3 1.1 £03 09481632 —214021.2
EISD40 T 23.8+14 154  50.1 32 11.8+04 09455577 —202813.1 09455586 —202830.2
1.9 43+04 09455586 —202830.2
2.1 734+£02 09455729 —-2028584
EISD41 D 286+1.3 1 28.5 139 176 203 09451959 —214250.7 094519.60 —214243.8
4.7 57+£03 094519.62 2142222
EISD42 S 386+1.0 24 0.6 355 364+02 09582758 —2105275 09582758 —2105275
EISD43 D 212+£15 100 363 4.5 59+04 09513963 2011151 095141.02 —2011184
4.5 85+04 09514217 2011212
EISD44 M 188+1.7 146 1152 23 3102 09514697 —2124019 095149.78 —212457.7 N
0.7 1.2£0.1 09 51 47.21 —2124164
0.4 05+0.1 095149.78 2124577
1.2 64+03 09515002 2125252
2.9 46+02 095151.60 —212537.1
EISD45 D 33614 144 232 214 246+03 09530459 —204407.5 09530471 —204409.8
1.5 35+£05 09530556 —204426.2
EISD46 D 303+1.2 105 6.7 9.2 11.7+£03 09445510 —201712.0 09445538 —201713.1
11.9 179+04 09445556 —201713.7
EISD47 S 274404 <0.9 273 2744+04 09475355 —2147196 09475355 —214719.6
EISD48 D 239+12 o4 12.2 6.6 11.7+£05 09545206 —2119315 09545243 —211929.0
5.5 10.7+£05 09545285 —2119263
EISD49 D 319+29 55 61.3 1.8 123+14 09592416 —-2006579 09592491 —2006504
1.7 33+£05 09592773 -200622.8
EISD50 S 343403 <0.7 344 343+03 09572417 2203534 09572417 —2203534
EISD51 S 340+1.0 113 0.7 31.6 327+03 09493323 2127083 09493323 —2127083
EISD52 T 265+13 90 213 6.2 11.0+£05 09491876 —2151356 09491944 2151354
33 60+05 09491975 —215135.0
5.5 6.6+04 09492029 2151356
EISD53 S 326+1.0 70 34 213 30.8£0.5 09511677 —2056384 09511677 —205638.4
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Table A2 — continued

Name Morph. Sint PA Diag Speak Scomp & comp (J2000) 8 comp A sour (J2000) 8 sour Notes
my) ) () mybm™)  (mly) (hms) ! (hms) (0!
EISD54 D 251+1.0 50 6.4 8.5 9.8+0.3 09 48 35.79 —2106250 09483599 —210622.6
11.7 13.2+04 094836.14 —210620.9

EISD55 D 23.5+0.5 134 11.3 22.0 229+03 095058.61 —211419.8 095058.63 —211420.3
04 04 +£0.1 09 50 59.19 —211427.7

EISD56 D 105 +0.8 174 12.6 34 64+04 09 47 28.10 —2128533 09472814 —2128579 N
2.6 39+02 09 47 28.21 —212905.8

EISD57 S 255+1.6 49 23.5 19.8 203+04  095816.61 —201859.2 095816.61 —201859.2

EISD58 T 268+19 163 422 2.1 6.7 £0.7 09 49 17.95 —2054304 094918.18 —2054454
1.6 81+1.1 09 49 18.18 —2054454
1.6 2.1+02 09 49 18.86 —205510.7

EISD59 S 26.7+04 <1.2 26.8 26.7+04 09445353 —2046373 09445353 —204637.3

EISD60 D 246+ 1.2 74 18.2 8.0 10.1+£03  095201.58 —2115536 09520186 —2115523
6.3 10.1+£04 095202.14 —211550.9

EISD61 D 6.0 £0.7 126 38.1 0.7 09+0.2 09 59 38.41 —2034226 095940.04  —203438.7
2.3 2.8+0.3 09 59 40.56 —203444.5

EISD62 S 31.1+£0.3 <1.1 30.2 31.1 £0.3 0954 27.06 —202946.5 09542706 —202946.5

EISD63 D 191+ 1.1 118 9.0 3.5 10.6 £ 0.6 0947 03.06 —205000.3 094703.32 —205002.2
4.2 87+0.6 09 47 03.63 —205004.5

EISD64 D 183+ 1.0 153 5.7 8.5 109+04  095259.10 —2148403 095259.17 —2148424
5.8 74+£04 09 52 59.28 —2148454

EISD65 S 212403 <1.1 21.0 21.24+0.3 0954 03.02 —2025132 095403.02 —202513.2

EISD66 S 23.6 + 1.0 161 6.2 7.6 23.1+05 09574291 —2006 36.1 09574291 —2006 36.1

EISD67 S 26.0 £ 0.3 <1.0 25.5 26.0+03 095323.18 —2013435 095323.18 —2013435

EISD68 S 242+ 1.1 7 1.4 17.7 199+04 09542828 —203926.6 09542828 —203926.6

EISD69 D 194+1.0 104 5.0 6.9 75+04 09 52 12.50 —2102356 09521271 —210236.3
8.7 108+ 03  095212.85 —210236.8

EISD70 D 190+ 1.7 108 353 2.1 23+£02 09 51 28.36 —2204184 09513048 —220428.1

16.9 177 +£03 0951 30.77 —2204294

EISD71 D 16.6 £ 1.0 72 14.0 8.1 99+04 09 49 30.24 —2023358 09493056 —202334.2
1.9 52+0.8 0949 31.18 —202331.3

EISD72 S 2344+03 <1.2 24.0 2344+03 094542.64 —2115449 09454264 —2115449

EISD73 095546.10 —212655.6 N

EISD74 S 159+ 0.6 <23 13.8 159+0.6 09 5320.56 —2143592 09532056 —214359.2

EISD75 D 174 £ 0.9 29 5.8 15.8 156 +£03 09512287 —2151555 09512289 —215155.1
1.7 12+£03 09 51 23.08 —2151504

EISD76 D 246+ 1.7 69 10.9 6.2 88+04 09 51 32.02 —210031.6 09513240 —210029.6
4.3 94+£0.5 09 51 32.74 —210027.7

EISD77 09 55 23.78 —212830.5 N

EISD78 D 202 +1.3 13 20.4 44 93+05 09 50 43.08 —212647.8 09504320 —212640.7
3.8 52+04 09 50 43.41 —2126279

EISD79 S 186+ 04 <1.7 16.9 18.6 £ 0.4  094855.25 —2103556 09485525 —210355.6

EISD80 D 133+ 1.6 26 22.5 44 84+05 09 51 20.69 —213004.7 095121.02 —2129554
3.8 71+£05 09 5121.40 —212944.5

EISD81 T 43+1.1 21 33.1 0.9 1.2+ 0.1 09 48 42.09 —215239.5 09484244  —215224.8
0.5 0.6 £0.1 09 48 42.44 —215224.8
0.3 0.6 £0.1 09 48 42.94 —215208.7

EISD82 D 95+13 114 21.3 5.8 63 +£02 09 48 01.25 —200907.6 094801.87 —2009114
39 50+£03 09 48 02.64 —-2009 16.2

EISDS83 S 17.8 £ 0.3 <0.8 17.6 17.8 £03 0951 48.66 —2031529 09514866 —2031529

EISD84 D 148+ 13 97 17.7 3.6 94+ 0.5 0949 45.24 —2150054 09494567 —215006.2
3.0 48+0.5 09 49 46.50 —215007.7

EISD85 S 119+ 0.7 179 6.5 6.2 11.9+02 094859.78 —205008.5 094859.78 —205008.5

EISD86 09551244  —-212309.6 N

EISD87 S 147+14 62 7.3 7.9 144+08 095726.04 —201305.7 09572604 —201305.7

EISD88 D 123+ 1.1 169 6.3 5.1 9.8 +£0.2 09 45 29.50 —211849.7 09452951 —211850.5
0.9 12+£03 09 45 29.58 —2118559

EISD89 T 16.6 = 1.6 77 38.8 1.6 72+£05 09 57 31.17 —212029.7 09573187 —212026.7
1.9 6.6 £04 09 57 32.41 —212025.6
0.9 12+£0.1 09 57 33.54 —-212017.1

EISD90 S 174+ 1.7 75 7.1 4.4 129+1.0 095046.38 —213255.1 09 5046.38 —213255.1

EISD91 S 139+ 0.3 <0.9 13.7 139+02 095451.96 —213016.1 09545196 —213016.1

EISD92 S 157+0.3 <14 15.0 157+0.2 0956 02.36 —2156042 09560236 —215604.2
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Table A2 — continued

Name Morph. Sint PA Diyd Speak Scomp & comp (J2000) & comp & sour (J2000) & sour Notes
(mJy) ©) () (mlybm™')  (mly) (hms) c'" (hms) c'"

EISD93 S 127+ 0.3 <35 10.2 127+£02 095541.89 —2039392 095541.89 —203939.2
EISDY%4 T 223+12 153 15.8 4.7 6.0+0.3 095627.88 —2048379 095628.10 —2048453

0.4 0.4+0.1 095628.10 —204845.3

7.4 11.1+04 09562838 —204852.1
EISD95 D 156+ 15 42 239 9.5 10.1 £03 094428.62 —2038043 09442890 —203759.9

2.4 34402 094429.74 —203746.5
EISD9%6 S 157+£12 66 25 94 13.1£04 094929.75 —2129386 094929.75 —2129386
EISD97 S 19.1 +£0.3 <0.7 18.9 19.1£03 09492599 —2037242 09492599 —2037242
EISD98 D 104+12 148 109 0.6 3.1+0.6 094526.76  —203351.5 09452697 —203355.0 N

2.4 33+03 094527.17 —203357.7
EISD99 D 107+ 18 119 12.3 3.4 53403 09444645 —2049574 094446.77 —204959.9

3.1 36+0.2 09444722 —2050034
EISD100 S 11.6 £ 0.3 <1.8 10.6 11.6+03 09584394 —-2051323 09584394 —-2051323
EISD101 S 11.9+0.3 <15 12.3 11.9+03 095844.87 —203118.1 (09584487 —203118.1
EISD102 D 236+14 149 10.9 1.6 7.3+0.6 095745.68 —212318.7 09574589 —2123236

6.1 8.1+04 09 5746.08 —212328.0
EISD103 D 84413 78 459 3.7 35+0.2 095543.52 —212527.8 09554519 —212523.0 N

1.0 31+04 09 5546.67 —212518.7
EISD104 S 127+ 0.3 <22 10.9 127+03 09494298 —2037455 09494298 —2037455
EISD105 D 164+21 158 40.1 1.7 42+0.6 09541595 —212845.1 09541643 —-212901.6

1.2 344+0.6 095417.02 —2129223
EISD106 S 11.8£08 154 53 6.3 8.7+04 09454848 —215906.1 09454848 —215906.1
EISD107 D 160+1.1 177 6.9 34 8.0+ 0.6 095559.22 —2042488 09555923 —-204251.6

3.0 53+04 095559.24 —204255.7
EISD108 D 6.9 +0.6 29 334 2.7 6.1+04 09574232 —1956009 09574223 —195602.8

0.3 04+0.1 095741.16 —195630.0
EISD109 D 69+0.9 110 8.5 2.0 41+£04 09444673 —205822.0 09444693 —205823.1

1.7 23403 09444730 —205825.0
EISD110 S 11.1 +£09 32 109 2.7 8.7+05 09545326 —2115129 09545326 —2115129
EISD111 D 77+1.2 115 94 2.2 27+£02 09 45 55.71 —212053.3 09 45 56.03 —212051.0

0.8 29+02 09 45 56.31 —212049.9
EISD112 D 9.8+ 1.1 37 34.4 1.4 6.8+ 0.4 095523.77 —2129588 09552382 —2129572 N

0.2 03+0.1 09552528 —212931.6
EISD113 D 181+ 14 113 22.1 33 33+04 095053.72 —2133086 095053.62 —2133075

0.3 04 +£0.1 09505225 —2132594
EISD114 S 119+ 04 <3.1 8.3 119+04 09473447 2126580 09473447 —212658.0 N
EISD115 S 9.3+0.3 <2.7 9.4 93+0.3 09 44 45.31 —214623.7 09 44 45.31 —214623.7
EISD116 S 13.6 £ 0.3 <12 14.1 136 £03 095129.69 —201642.8 095129.69 —201642.8
EISD117 T 108 £ 1.3 72 18.9 2.2 4.1+£03 095308.65 —200124.1 095309.24 —2001213

1.4 1.8+0.2 09530944 —2001203

1.6 32+03 09530992 —200118.2
EISD118 09572426 —2129433 N
EISD119 S 120+ 08 123 23 9.0 105+£03 09452095 —2201222 09452095 —2201222
EISD120 S 11.8 £ 0.3 <13 12.2 11.8+02 09480420 —2034348 09480420 —2034348
EISD121 D 6.6+1.2 159 29.1 1.9 26+0.2 095456.54 —2204592 09545687 —220510.9

1.5 20+0.2 09545730 —220526.3
EISD122 T 129+ 14 20 94.1 1.3 3.7+0.1 09525518 —2052193 09525592 —2051454

3.1 33+03 09525592 —2051454

1.4 33+03 09525755 —205051.2
EISD123 S 6.8 £0.8 45 1.6 4.8 6.3+ 0.3 09 54 21.48 —214807.2 09 54 21.48 —214807.2
EISD124 M 124+ 0.7 10 1543 1.0 1.6 +0.1 094810.13 —2002004 09481091 —200059.9 N

0.4 24+0.5 09481024 —200153.6

1.2 1.7+ 0.1 094811.83 —195928.0

0.3 1.1+05 0948 12.06 —195956.8
EISD125 S 104 £ 09 129 8.5 5.4 11.0+05 0945 21.12 —204321.4 09 45 21.12 —2043214
EISD126 D 7.7+2.0 10 51.8 1.4 30+0.5 09543599 —2144542 09543632 —2144266

1.3 35+0.6 09 5436.60 —214403.1
EISD127 S 10.7 £ 0.3 <13 114 10.7+£03 09482216 —2105089 094822.16 —210508.9
EISD128 T? 1.9+0.7 115 43.1 0.3 04+0.1 09581471 —205818.8 09581637 —2058194

0.2 0.4+0.1 09581481 —205810.5

04 0.6 +0.1 095817.59 —205828.5
EISD129 S 103+ 04 <2.6 7.9 103+04 09562042 —220350.5 09562042 —220350.5
EISD130 S 94 +0.3 <l1.1 9.7 9.4+0.2 094935.13 —215810.5 09493513 —2158105
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Table A2 — continued

Name Morph. Sint PA Diag Speak Scomp & comp (J2000) & comp U sour (J2000) 8 sour Notes
(mJy) ©) (@) (mJybm~1)  (mly) (hms) ©"" (hms) c’'"
EISDI131 S 11.5+03 <1.0 11.4 11.54+£02 09492599 —200520.2 09492599 —200520.2
EISD132 D 95+ 1.1 106 14.5 1.7 5.7+0.6 0946 18.63 —203756.6 09461886 —2037574
0.4 1.4+0.5 094619.62 —203800.7
EISD133 S 6.8 +£0.8 44 4.0 2.9 39+04 09570225 2156518 09570225 —215651.8
EISD134 D 73+04 48 12.0 0.4 1.7+£0.1 09464944 2116454 09464927 —211648.7
0.3 0.8 £0.1 09464890 —211655.0
EISD135 N 95+03 <2.0 9.8 95+03 095851.76  —211023.0 095851.76 —211023.0
EISD136 N 134+09 57 4.7 6.7 11.7+£03 09504857 —215457.1 09504857 —215457.1
EISD137 S 57+£03 <6.8 3.9 57+03 0948 14.15 —195956.0 094814.15 —195956.0 N
EISD138 N 9.0+04 <6.8 5.7 9.0+£0.3 09472438 —2105023 09472438 —210502.3
EISD139 S 10.8 £ 0.3 <3.0 7.9 10.8 £0.3 09525038 —213148.0 09525038 —213143.0
EISD140 S 424+0.6 20 5.5 2.5 36+04 09593376 2114546 09593376 —211454.6
EISD141 T 62+0.3 167 834 0.4 1.0+0.2 095511.38 —2029148 09551149 —203018.7
1.1 30+0.2 09551149 —203018.7
0.9 22+0.3 095512.69 —203036.1
EISD142 S 109+09 116 5.6 2.8 88+05 09560694 —200543.8 09560694 —200543.8
EISD143 S 79 +0.3 <13 8.0 79+0.2 09573535 —2029354 09573535 —2029354
EISD144 N 9.0+£0.5 <3.3 6.8 9.0+£0.3 094450.69 —201736.1 09445069 —201736.1
EISD145 D 92+ 1.3 127 31.8 1.5 1.8+£0.2 09573830 —200310.1 09 57 39.51 —200322.6
24 35+04 095740.12 —200329.0
EISD146 S 104 +£0.3 <1.1 10.1 104 +02 09564231 —211944.6 09564231 —211944.6
EISD147 T 35+0.7 16 8.6 0.5 09+03 095857.19 —2034143 09585726 —2034104
0.5 05+02 095857.26 —2034104
0.4 09+03 0958 57.35 —203406.0
EISD148 D 394+04 89 7.0 1.4 25+02 09453759 2111142 09453777 2111142
1.1 1.4+0.1 094538.09 —211114.1
EISD149 S 7.7+0.8 49 2.3 4.6 6.4+0.3 09474476 —211223.6 09474476 —211223.6
EISD150 D 13.8+1.2 95 19.7 24 73+£0.5 094709.55 —2035523 094710.01 —203552.8
1.6 35+04 09471095 —203554.0
EISDI151 09 55 53.71 —212712.1 N
EISD152 N 93+£05 <5.1 43 93+£05 09592768 —200317.1 095927.68 —200317.1
EISD153 S 103 +0.3 <1.3 9.6 103+03 095649.76 —2035259 095649.76  —2035259
EISD154 N 49+0.5 <39 3.0 494+0.5 0952 10.91 —-205011.2 09521091 —205011.2
EISD155 D 76+ 1.0 173 13.1 1.2 3.0+ 0.6 09572488 —2022425 09572493 —-202248.0
1.4 2.1+04 09 5725.00 —2022555
EISD156 T 38+0.7 163 28.4 0.6 1.6 £0.2 09 56 36.81 —201855.0 095637.11 —201905.5
0.6 0.6 £0.1 09 56 37.11 —201905.5
0.4 0.8 +0.2 09563736 2019174
EISD157 S 73+0.8 104 7.9 4.0 85+05 09490222 2115055 09490222 —211505.5
EISD158 D 54407 87 6.0 2.0 2.8+0.3 09444345 —214437.1 09444355 —214437.1
0.8 14+04 09444387 —214436.8 09444355 —214437.1
EISD159 S 734+02 <12 7.1 73+£02 09535738 —2036513 09535738 —203651.3
EISD160 N 75+£03 <12 7.6 7.5+0.3 09 58 49.71 —211737.1 09 58 49.71 —211737.1
EISD161 S 83+0.7 157 3.7 6.1 9.1£03 094748.55 —204834.0 09474855 —204834.0
EISD162 S 25+04 <3.8 2.2 25+£02 095639.20 —201043.6 09563920 —201043.6
EISD163 E 34+2.1 4.7 24.8 0.4 2.1 £0.6 094910.88 —202153.0 09491088 —202153.0
EISD164 S 76+£0.3 <0.9 7.9 7.6 £0.2 095201.20 —202456.5 09520120 —202456.5
EISD165 D 8.7+09 71 5.6 34 44403 09541035 —215801.8 09541054 —215800.9
4.1 42402 095410.73 —215760.0
EISD166 S 109+0.3 <1.8 11.5 109+02 09560445 —214436.7 09560445 —214436.7
EISD167 S 6.1 0.3 <27 5.6 6.1 +0.2 09460236 —2151442 09460236 —2151442
EISD168 S 6.6 £04 <1.2 6.6 6.6 £0.2 09 44 50.11 —2007383 094450.11 —2007 38.3
EISD169 D 56+0.38 13 9.5 1.4 27+£03 095148.87 —2133462 09514894 —213341.6
1.5 27+£03 095149.03 —213337.0
EISD170 N 57+£03 <2.1 5.3 57+£02 09 52 26.51 —200107.1  095226.51 —200107.1
EISD171 D 67+13 76 38.3 1.0 24+04 094749.10 —2142134 09475058 —214208.2
2.2 30+£03 094751.77 —214204.1
EISD172 S 63+03 <12 6.4 6.3+0.2 09572218 —2101060 09572218 —210106.0
EISD173 S 87+03 <12 8.7 87+0.2 095431.06 —2035380 095431.06 —203538.0
EISD174 S 85+03 <13 8.7 85+02 094902.78 —-201611.5 094902.78 —-201611.5
EISD175 D 83+ 1.1 28 11.8 1.8 3.0+0.3 0949 22.11 —211824.6 09492231 —2118194
1.6 30+£03 09492252 2118142
EISD176 09582040 —2139133 N
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Table A2 — continued

Name Morph. Sint PA Diyd Speak Scomp A comp (J2000) Scomp & sour (J2000) & sour Notes
(mJy) ©) () (mlybm™) (mly) (hms) (G (hms) (G
EISD177 S 6.8 +0.8 60 44 1.5 3004 09552695 —204606.0 09552695 —204606.0
EISD178 D 35+0.8 42 104 1.2 12+£02 09474795 2100462 09474833 —2100404
39 35402 09474845 —210038.4
EISD179 S 75+03 <1.0 7.8 754+02 094959.72 —-212719.0 094959.72 —-212719.0
EISD180 S 28+03 <2.8 22 28+02 09491272 —-2200234 09491272 —2200234
EISD181 S 42+04 <3.8 37 42+02 095441.85 —204943.0 095441.85 —204943.0
EISD182 D 10.1£12 125 224 1.2 24+03 094948.06 —2134244 094949.00 —2134337
39 6.0+03 09494937 2134374
EISD183 D 37405 151 114 14 23+03 09512923 2025312 09512936 —2025346
0.6 1.24+02 09512962 —202541.2
EISD184 S 59+0.7 68 4.4 2.4 51+04 094507.54 —2109258 094507.54 —2109258
EISD185 S 22403 <29 1.2 1.5+£02 09521434 —-214019.0 09521434 —-214019.0
EISD186 S 9.1+£03 <1.0 9.4 9.14+0.2 09 49 24.64 —211112.0 09 49 24.64 —211112.0
EISD187 D 34405 159 33.0 0.9 1.54+03 09503844 —2140553 095038.80 —2141084
0.9 1.1+£0.2 09503929 —214126.1
EISD188 S 52403 <1.7 5.1 52+02 094746.12 —2127512 094746.12 2127512
EISD189 S 6.71+0.3 <12 6.9 6.7+02 094551.03 2014469 094551.03 —2014469
EISD190 S 63+0.2 <1.6 6.9 63+02 095937.64 —203826.0 095937.64 —203826.0
EISD191 E 0.7+04 0.5 06+03 095027.68 —214808.7 095027.68 —214808.7
EISD192 N 44+£03 <2.1 3.8 44+03 09591253 2012532 09591253 —2012532
EISD193 S 39+04 <25 37 394+£03 09505591 —195512.0 09505591 —195512.0
EISD194 D 19+04 29 23.1 0.7 1.0+£02 09452739 —205744.1 094527.69 —2057352
0.3 06+02 094528.18 —2057239
EISD195 S 52403 <1.9 5.6 524+03 09571556 —203034.8 09571556 —203034.8
EISD196 09500294 —2205349 N
EISD197 S 47+£03 <1.7 4.2 47+03 09452173 2036003 094521.73 —203600.3
EISD198 S 6.3+0.7 151 1.7 4.2 55+£03 09585093 —2108183 09585093 —2108183
EISD199 S 51+02 <1.1 52 51+£02 09452634 —2155004 09452634 —2155004

Best et al. (1995) investigated the distribution of Q and & within
a complete subsample of 95 radio sources from the revised 3CR
sample. They find mean values of Q0 = 1.42 and £ = 6°8; these
mean values were adopted as input for the determination of the
revised positional uncertainties of the extended radio sources in the
sample,’® according to:

02 = larcsec’ + (09 sinPA)? + (0% cosPA)?

Orad

2
Srad

= ] arcsec® + (og cos PA)? 4+ (0% sin PA)?

where PA is the position angle of the radio source and the 1.0 arcsec
term corresponds to the uncertainties in the measurement of the
radio source positions; this was the only term used in the analysis
of the single-component sources, where a value of 0.3 arcsec was
adopted. A larger value is adopted here to account for the increased
uncertainty in measuring the precise positions of the lobes, because
these structures are extended and faint, but in most cases this term
is negligible anyway.

Adopting these values for the radio positional uncertainties of
each source, the likelihood analysis was repeated for the extended
radio sources considering all optical counterparts within 0.25D,4 or
10 arcsec (whichever was larger) of the position midway between

3 One important point to note with this analysis, however, is that although
Best et al. (1995) find no evidence for any dependence of Q or £ upon radio
luminosity, the current sample is of significantly lower luminosity, and is
selected at 1.4 GHz instead of at 178 MHz. Therefore the distributions of
Q and £ may not be entirely appropriate, which could potentially bias the
statistics of this investigation.

the two radio hotspots. A value of ¢ = 0.63 was adopted, as for
the single-component sources; this ignores the possibility that the
redshift or magnitude distribution of the extended sources may be
different from that of the unresolved sources, but there is no better
approximation that can be made, and the overall results vary only
slightly if the value of ¢ is changed.

The resulting dependence of the completeness and reliability of
the identified optical hosts are shown in Fig. B3 as a function of
the likelihood ratio cut-off. The situation is understandably worse
than in the previous case, due to the larger uncertainties in the radio
position. At the peak in the average of the two functions, L~ 0.3, the
completeness of the optical identifications is ~94 per cent and the
reliability ~84 per cent. Optical counterparts above this threshold
were found for 34 sources, with two potential counterparts above
the threshold in two cases.

It was further noted that for six of the sources (see Table B1) for
which no optical counterpart with a likelihood ratio above the cut-
off were found, clear optical counterparts were seen to be associated
with one of the two apparent radio lobes. These optical galaxies are
also accepted as possible identifications, due to the possibility of
radio sources with very asymmetric flux ratios, where the detected
‘lobe’ is actually the radio core and a fainter lobe on the other side
is not detected in the new radio observations.

APPENDIX C: THE FINAL CENSORS SAMPLE

Table C1 provides the definition of the final CENSORS
sample.
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Figure A1. Radio maps (in contours) of those radio sources within the EIS Patch D, with grey-scale representations of the EIS /-band image overlaid. The
radio contour levels are at (—1, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024) x 30, where o is the rms noise on the radio map, given in Table Al; any negative
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Figure A2. Radio maps (in contours) of those radio sources outside the EIS Patch D. The radio contour levels are at (—1, 1, 2, 4, 8, 16, 32, 64, 128, 256,
512, 1024) x 30, where o is the rms noise on the radio map, given in Table Al; any negative contour is shown as a dashed line. The label above each figure
indicates which source is being shown.
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Figure A3. Radio maps (in contours) of the three additional radio sources to be added to the CENSORS sample (CENSORS-X1,X2 and X3), with grey-scale
representations of the EIS 7-band images overlaid. Also, the NVSS map of the potential large double to be included in the sample (known as CENSORS-D1).
The radio contour levels are at (—1, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024) x [100 wly, 130 wly, 135 wly, 1 mlJy] for CENSORS-X1,X2,X3 and D1
respectively. Note that all of the CENSOR-X1-3 sources show unphysical elongations due to bandwidth smearing, since they are observed considerably off-axis
in the radio observations (but they have been corrected for primary beam attenuation effects).
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Table B1. EIS optical counterparts of the radio sources. These were identified by maximum likelihood analysis on unresolved radio sources or those with
unambiguous radio cores (class 1, likelihood L > 1 for for inclusion), maximum likelihood analysis on extended sources (class 2, L > 0.3 for inclusion),
or inclusion because the optical counterpart lay directly on top of one of the radio components which could plausibly be a radio core (class 3). The optical
magnitudes and uncertainties are taken from the EIS catalogues (see text for details), and the stellaricity classification (S/G; see text for details) is taken from
the EIS /-band observations. Notes are attached in the text for sources marked with an ‘N’.

Source Class L RA (J2000) Dec I-magnitude V-magnitude B-magnitude S/IG Notes

EISD1 2 11.35 095129.22 —205030.7 21.74 £ 0.10 22.93 £0.09 23.27 £ 0.09 0.26

EISD2 1 71.73 09 46 50.22 —202044.4 2259 +0.18 24.02 £0.17 0.01

EISD3 1 5.81 09 5031.40 —210244.4 20.60 £+ 0.20 2311 £0.11 23.77£0.16 0.02 N

EISD6 2 291 09 49 53.26 —215619.9 21.30 £ 0.08 2336 £0.12 2341 +£0.13 0.00 N
2 2.39 09 49 53.23 —215622.0 2258 £0.15 0.29

EISD7 1 38.80 09 51 43.60 —2123579 18.26 £ 0.01 18.65 £ 0.01 18.40 £ 0.01 1.00

EISD8 1 1.22 09 53 44.47 —213601.7 22.15+£0.12 22.73 £0.06 2257 £0.15 0.19

EISD10 1 3.31 09 45 56.68 —211653.6 22.62 £0.17 23.54 £0.19 23.38 £0.11 0.64

EISD11 1 2.65 09 57 30.06 —213058.9 17.77 £ 0.01 19.38 +0.02 20.35+£0.03 0.25

EISD12 1 37.18 09 49 35.46 —215623.3 18.28 £ 0.01 20.08 £ 0.01 20.96 £ 0.02 0.03

EISD15 1 19.77 09 5329.55 —2002 12.6 21.75 £ 0.07 22.49 £ 0.05 22.74 £0.05 0.91

EISD16 2 0.31 09 47 27.00 —212633.4 18.26 £ 0.01 18.73 £ 0.01 19.15 £ 0.01 0.99 N

EISD18 1 24.93 094641.13 —202926.7 21.88 £ 0.09 2335+£0.15 23.90 £0.19 0.00

EISD21 2 6.34 09 54 47.59 —2059 443 23.60 £ 0.25 0.58

EISD22 2 5.50 09 46 50.99 —205318.2 20.57 £ 0.06 20.91 £ 0.04 21.45£0.03 0.00

EISD24 2 8.45 09 52 43.02 —195821.6 21.38 £0.07 23.63 £0.14 0.15

EISD25 1 12.94 09 55 13.59 —212302.4 14.88 £ 0.00 16.13 £ 0.01 16.96 £+ 0.01 0.03

EISD28 1 41.89 09 47 58.95 —212150.5 22.11 £0.10 2438 £0.19 2452 +£0.14 0.26

EISD38 3 N/A 09 46 32.15 —202615.5 19.02 £ 0.02 20.86 £ 0.04 21.59 £0.03 0.03 N

EISD39 1 32.38 0948 15.74 —21 40 06.1 18.73 £ 0.01 19.02 £ 0.01 19.23 £0.01 0.97

EISD40 1 7.02 09 45 55.92 —202829.7 16.41 £ 0.00 18.58 £+ 0.01 19.50 £ 0.05 0.86

EISD43 2 1.45 09 51 40.85 —201116.3 2225 +£0.12 0.00

EISD44 1 6.79 095149.83 —2124575 18.29 £ 0.01 20.12 £0.02 21.14 £ 0.02 0.03

EISD47 1 5.78 09 47 53.61 —2147193 24.95 £ 0.63 0.36 N

EISD48 2 12.52 09 54 52.46 —211928.6 18.71 £ 0.01 21.11 £0.03 22.12 £ 0.04 0.03

EISD51 1 16.75 09 49 33.24 —212707.7 2290+ 0.17 2474 £ 0.16 0.68

EISD52 2 1.87 09 49 19.57 —215134.1 23.67 £ 0.19 24.55 £0.26 24.52 £0.20 0.44

EISD54 2 1.78 09 48 36.08 —210622.4 20.60 £ 0.03 21.73 £0.03 21.61 £0.02 0.92

EISD55 2 2.35 09 50 59.01 —211424.4 21.54 £0.10 2318 £0.13 23.66 £0.12 0.00

EISD58 1 15.30 0949 18.16 —2054 448 17.10 £ 0.01 18.92 +0.03 20.09 £ 0.01 0.03

EISD60 3 N/A 09 52 01.59 —211553.0 23.70 £ 0.19 25.06 +£0.28 0.49 N

EISD62 1 47.94 09 54 27.09 —2029 46.6 19.85 £ 0.02 20.48 £0.01 20.80 £ 0.02 0.98

EISD63 2 0.70 09 47 03.25 —205000.8 19.34 £ 0.02 21.08 £ 0.02 21.82 £0.04 0.02

EISD64 2 11.64 09 52 59.15 —2148425 20.93 £ 0.05 2437 +£0.14 0.24

EISD65 1 32.03 09 54 03.05 —202513.1 20.39 £ 0.05 22.70 £0.10 2353 £0.13 0.01

EISD66 1 8.08 09 574291 —2006 36.9 20.50 £+ 0.04 2333 £0.10 24.16 £0.15 0.04

EISD67 1 40.69 09532321 —201343.5 19.20 £ 0.02 20.57 £0.16 20.55 £0.01 0.04

EISD68 1 14.13 09 54 28.32 —203926.9 19.48 £ 0.02 20.44 £0.01 20.41 £0.01 0.97

EISD71 2 225 09 49 30.81 —202334.7 19.61 £ 0.03 22.00 £0.18 2294 £0.11 0.03

EISD74 1 21.23 09 53 20.60 —214358.9 15.75 £ 0.00 17.43 £0.01 18.59 £ 0.01 0.03

EISD76 2 10.61 09 51 32.39 —210029.0 17.50 £ 0.01 19.89 £+ 0.02 20.95 £0.05 0.03

EISD78 2 0.35 09 50 43.16 —212641.3 22.58 £0.14 0.04

EISD80 2 7.00 095121.03 —212954.38 2219 £0.13 0.14

EISD81 1 1.17 09 48 42.52 —21522438 21.69 £ 0.10 0.00

EISD83 1 29.40 09 51 48.67 —203152.4 23.48 £0.26 0.20

EISD84 2 09.66 09 49 45.86 —215006.5 20.25 £ 0.03 22.94 £0.07 2430+ 0.14 0.04

EISD88 2 7.58 09452953 —211851.7 17.96 £+ 0.01 19.96 +0.01 20.89 £ 0.01 0.98

EISD89 2 1.95 09 5731.77 —212029.2 18.62 £ 0.01 20.87 £0.03 21.95 £0.04 0.03

EISD90 1 2.55 09 50 46.42 —213255.7 21.96 £ 0.11 22.47 £ 0.06 2334 +£0.13 0.25

EISDI91 3 N/A 09 54 51.95 —213016.4 19.88 £ 0.20 21.54 £0.20 22.55+£0.20 0.02 N

EISD98 2 1.49 09 4526.93 —203352.8 16.73 £ 0.01 18.37 £ 0.01 19.88 £+ 0.01 0.03

EISD102 3 N/A 09 57 46.06 —212327.7 17.23 £0.01 18.99 +0.01 20.16 £ 0.01 0.03 N

EISD104 1 66.46 09 49 42.99 —203745.6 23.60 £ 0.20 24.99 £ 0.31 0.53

EISD105 2 2.98 09 54 16.45 —212904.3 21.16 £ 0.06 22.44 £0.08 22.87 £ 0.08 0.13

EISD106 1 48.67 09 45 48.50 —2159 06.1 2257 +£0.15 24.27£0.19 0.16

EISD107 2 10.73 09 5559.27 —204252.38 19.24 £ 0.02 21.05 £0.03 22.27 £0.05 0.03

EISD110 3 N/A 09 54 53.46 —211513.1 20.01 £0.02 21.25 £0.03 23.94 £0.05 0.03 N

EISD113 2 442 09 50 53.09 —213304.0 14.49 £ 0.00 14.39 £+ 0.01 14.65 £ 0.01 0.98

EISD116 1 72.10 09 5129.71 —201642.8 20.13 £ 0.03 21.72 £ 0.08 22.77+£0.10 0.02

EISD120 1 N/A 09 48 04.32 —203436.3 23.00 £ 0.30 0.00 N
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Table B1 - continued

Source Class L RA (J2000) Dec I-magnitude V-magnitude B-magnitude SIG Notes

EISD122 1 43.12 09 52 55.92 —205145.0 18.68 £ 0.01 19.29 +£0.01 19.41 £ 0.01 0.97

EISD123 3 N/A No position obtainable Saturated Saturated Saturated 0.00 N

EISD126 2 1.94 09 54 36.24 —214430.9 22.54+£0.14 0.07

EISD127 1 17.18 09 48 22.19 —210508.4 2243 £0.12 0.00

EISD132 2 5.74 09 46 19.15 —203757.7 17.41 £0.01 18.86 £ 0.01 19.84 £ 0.01 0.03

EISD133 1 7.56 09 57 02.29 —215651.2 19.49 £ 0.03 2222 +0.07 24.15+£0.14 0.03

EISD134 2 0.68 09 46 49.47 —211646.4 18.36 = 0.01 20.83 £0.02 21.82 £0.04 0.03

EISD136 1 2221 09 50 48.54 —215456.7 23.77+£0.25 24.69 £0.18 24.60 £ 0.22 0.65

EISD137 1 11.63 09 48 14.19 —195956.3 18.93 £ 0.02 20.84 £0.02 21.92 £ 0.04 0.03

EISD139 1 15.07 09 52 50.42 —213147.6 2235+0.14 2433 +£0.25 0.41

EISD141 1 10.38 095511.46 —203019.2 17.52 £ 0.01 19.17 £ 0.01 20.25 £0.10 0.03

EISD142 1 3.29 09 56 07.00 —200544.3 21.96 £0.10 2437+0.18 0.02

EISD143 1 78.31 09 57 35.36 —202935.4 19.97 £ 0.02 20.57 £0.03 20.90 £ 0.02 0.97

EISD145 2 2.25 09 57 39.07 —200320.2 2333 +£0.19 0.74

EISD146 1 51.27 09 56 42.30 —2119443 23.50+£0.23 23.90 £0.17 22.95 £ 0.07 0.51

EISD148 3 N/A 09 45 38.08 —2111135 18.92 £ 0.02 21.38 £0.03 2223 +£0.05 0.03 N

EISD149 1 71.30 09 47 44.76 —2112234 18.34 £ 0.01 20.77 £ 0.02 21.73 £0.03 0.03

EISD150 2 5.38 0947 10.31 —203552.4 22.10 £0.11 2430+ 0.24 0.07

EISD153 1 48.44 09 56 49.79 —203525.9 17.09 £ 0.01 18.63 £ 0.01 19.70 £ 0.01 0.03

EISD155 3 N/A 09 57 24.90 —202243.0 17.84 £+ 0.01 20.10 £0.02 21.09 £ 0.02 0.03 N

EISD156 1 49.46 09 56 37.10 —201905.8 16.94 £ 0.01 18.38 £ 0.01 19.60 + 0.01 0.03

EISD157 1 9.38 09 49 02.26 —211505.1 23.58 £0.26 2542 £0.19 0.48

EISD159 1 9.01 09535743 —203651.0 21.10 £ 0.06 22.28 £0.06 22.41 £ 0.05 0.31

EISD162 3 N/A 09 56 39.22 —201044.3 19.20 £0.30 - N

EISD163 3 N/A No position obtainable Saturated Saturated Saturated 0.00 N

EISD164 1 42.18 095201.22 —202456.2 17.15 £ 0.01 18.58 £ 0.01 19.57 £ 0.01 0.03

EISD165 2 11.66 09 54 10.51 —215801.5 2273 £0.15 0.11

EISD166 1 82.75 09 56 04.45 —214436.6 2273 £0.22 23.62£0.16 23.68 £0.10 0.48

EISD169 2 1.31 09 51 49.02 —213340.0 17.15 £ 0.01 19.50 £ 0.01 19.97 £ 0.02 0.03

EISD171 2 1.94 09 47 50.33 —214210.1 14.84 £ 0.00 14.99 £+ 0.01 15.34 £ 0.01 0.98 N
2 0.41 09 47 50.64 —2142114 17.43 £ 0.00 18.84 £ 0.01 19.34 £ 0.01 0.92

EISD173 1 54.15 09 54 31.06 —203537.7 21.05 £0.07 2296 £0.14 0.00

EISD174 1 28.36 09 49 02.79 —201611.0 2250 £0.13 2297 £0.12 23.99 £0.12 0.26

EISD175 2 2.96 09 49 22.34 —211817.7 18.95 £ 0.02 21.83 £0.05 23.00 £ 0.25 0.03

EISD177 1 80.27 09 5526.95 —2046 05.9 19.99 + 0.04 22.63 £0.06 2345 +0.13 0.05

EISD178 3 N/A 09 47 47.93 —210045.4 21.42 £0.08 22.63 £0.10 23.12 £ 0.06 0.52 N

EISD179 1 10.44 09 49 59.71 —2127183 19.95 £+ 0.03 22.29 £0.07 22.60 £ 0.15 0.04

EISD180 1 48.63 09 49 12.74 —220023.4 17.61 £ 0.01 19.85 £ 0.02 20.81 £ 0.02 0.03

EISD181 1 20.07 09 54 41.88 —204943.4 24.85 £ 0.35 0.37 N

EISD185 1 14.39 09 52 14.36 —214018.4 14.84 £ 0.00 15.87 £0.01 16.15 £ 0.01 0.04

EISD186 1 35.36 09 49 24.62 2111116 20.77 £ 0.04 22.83 £0.07 23.10 £ 0.10 0.04

EISD187 2 0.42 09 50 38.66 —2141114 18.73 £0.02 21.49 £0.05 22.43 £0.08 0.03

EISD191 3 N/A No position obtainable Saturated Saturated Saturated 0.00 N

EISD199 1 53.54 09 4526.32 —215500.1 17.99 £ 0.01 19.64 £ 0.01 20.71 £ 0.02 0.03
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Figure B1. A histogram of angular offsets from the radio source to the nearest object in the EIS catalogue, for all radio sources whose central position is
clearly defined, either as a single-component radio sources or a source with a clear core. The last bin also contains those sources for which the nearest object is
more than 7 arcsec from the radio position.

100 T LI e T T ]
T\ ]

90 F—/ =

9 ]
@ ]
g ]
£ 80f 7
Q 4
8 ]
] ]
o ]
701 {
Completeness

— Reliability ]

77777 Average ]

60 I I L ! ]

0 1 3 5

Likelihood ratio cutoff L

Figure B2. The completeness and reliability of the optical identifications as a function of the likelihood ratio cut-off, for all of the radio sources with a well
defined position for their nucleus.
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Figure B3. The completeness and reliability of the optical identifications as a function of the likelihood ratio cut-off, for the extended radio sources with no
well-defined nucleus.
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Table C1. Definition of the final CENSORS sample. This includes only those NVSS sources which are real and fall within the EIS Patch D. It is numbered in
order of decreasing flux density, as determined from the latest NVSS catalogue (version 2.17), although those sources marked with an asterisk have had their
NVSS flux densities adjusted to account for overlap with another NVSS source. Four additional sample members are appended, as discussed in the text.

New old Sy, New old e, New old S,
name name (mly) name name (mly) name name (mly)
CENSORSI1 EISD1 659.5 +19.8 CENSORSS53 EISD76 216 £1.1 CENSORS105 EISD138 10.6 £ 0.6
CENSORS2 EISD2 4523+ 13.6 CENSORS54 EISD74 214 £0.8 CENSORS106 EISD142 105+ 0.6
CENSORS3 EISD3 355.3 £ 10.7 CENSORSS55 EISD71 214 +£0.8 CENSORS107 EISD148 103+ 1.0
CENSORS4 EISD6 283.0+£9.5 CENSORS56 EISD78 208 £ 1.1 CENSORS108 EISD153 102+ 0.6
CENSORS5 EISD8 2447+ 8.2 CENSORS57 EISD80 207 £ 1.1 CENSORS109 EISD154 10.1 £ 0.6
CENSORS6 EISD7* 2397+ 13 CENSORSS58 EISD79 20.7 £0.8 CENSORSI110 EISD141 10.1 £1.3
CENSORS7 EISD10 1482+ 5.1 CENSORS59 EISDS81 19.1 £ 1.1 CENSORSI111 EISD149 10.0 £ 0.6
CENSORSS EISD11 1263 £3.8 CENSORS60 EISD83 18.9 £0.7 CENSORSI112 EISD146 9.8 £0.6
CENSORS9 EISD12 1182 £ 3.6 CENSORS61 EISDS2 18.5+0.7 CENSORSI113 EISD150 9.7+0.6
CENSORS10 EISD16 794 £2.9 CENSORS62 EISD84 184 +£0.7 CENSORS114 EISD166 9.6 £0.6
CENSORSI11 EISD15 78.1 £2.4 CENSORS63 EISD88 183+ 0.7 CENSORSI115 EISD155 9.6 £1.0
CENSORSI12 EISD18 704 £2.6 CENSORS64 EISDS85 18.1+1.0 CENSORSI116 EISD143 9.6 £0.6
CENSORS13 EISD20 66.3 +2.7 CENSORS65 EISD87 179+ 1.0 CENSORSI117 EISD165 9.5+0.6
CENSORS14 EISD21 65.6 2.4 CENSORS66 EISD90 174 £ 1.1 CENSORSI118 EISD161 94 £0.6
CENSORS15 EISD22 63.0+19 CENSORS67 EISD89 173 £0.7 CENSORS119 EISD157 94 £0.6
CENSORS16 EISD23 61.7+23 CENSORS68 EISD91 172 +£0.7 CENSORS120 EISD159 9.1 £0.6
CENSORS17 EISD24 61.5+23 CENSORS69 EISD92 17.0 £0.7 CENSORSI121 EISD164 9.0£0.5
CENSORS18 EISD25 583+1.8 CENSORS70 EISD124%* 17.0 £2.0 CENSORS122 EISD156 9.0 £0.6
CENSORS19 EISD27 55.1+2.1 CENSORS71 EISD93 16.7 £ 0.7 CENSORS123 EISD173 87+£05
CENSORS20 EISD30 542 +£2.1 CENSORS72 EISD97 16.5+£0.7 CENSORS124 EISD163 8.7+£0.6
CENSORS21 EISD28 540+1.7 CENSORS73 EISD%4 162 +0.7 CENSORSI125 EISD175 84+£05
CENSORS22 EISD29 529+1.7 CENSORS74 EISD96 16.0 £ 0.7 CENSORSI126 EISD171 84+13
CENSORS23 EISD31 524 +£2.0 CENSORS75 EISD98 157+ 1.0 CENSORS127 EISD186 83+£05
CENSORS24 EISD32 510+ 1.6 CENSORS76 EISD102 153 £0.7 CENSORS128 EISD174 83+£05
CENSORS25 EISD34 492+19 CENSORS77 EISD104 15.0 £0.7 CENSORS129 EISD170 83+£06
CENSORS26 EISD36 444+14 CENSORS78 EISD107 14.6 £0.7 CENSORS130 EISD172 82+£05
CENSORS27 EISD44* 404 +23 CENSORS79 EISD106 146 £ 1.1 CENSORSI131 EISD169 82+0.6
CENSORS28 EISD38 40.1+£1.9 CENSORS80 EISD110 145 +0.6 CENSORS132 EISD167 79 £0.6
CENSORS29 EISD39 382+ 1.6 CENSORSS81 EISD105 145+14 CENSORS133 EISD183 7.8+1.2
CENSORS30 EISD40 37.8£2.0 CENSORSS82 EISD113 13.6 £ 0.6 CENSORS134 EISD182 7.8 +0.6
CENSORS31 EISD41 373£1.5 CENSORSS83 EISD116 13.5+0.6 CENSORSI135 EISD178 7.8+0.6
CENSORS32 EISD43 353£1.5 CENSORS84 EISD103 135+1.2 CENSORS136 EISD181 75+0.6
CENSORS33 EISD45 343+ 1.1 CENSORSS85 EISD112 134+1.0 CENSORS137 EISD187 74+12
CENSORS34 EISD47 342 £ 1.1 CENSORS86 EISD120 132+ 0.6 CENSORS138 EISD177 7.1£0.6
CENSORS35 EISD48 34114 CENSORSS87 EISD111 132 +0.6 CENSORS139 EISD180 6.9 £0.6
CENSORS36 EISDS51 323+1.1 CENSORSS88 EISD119 13.1 £0.6 CENSORS140 EISD199 6.8 £0.5
CENSORS37 EISD52 31.8+14 CENSORS89 EISD117 13.0£1.0 CENSORS141 EISD189 6.6 £0.6
CENSORS38 EISD53 31.7+£ 1.1 CENSORS90 EISD114 12.8 £ 0.6 CENSORS142 EISD195 6.3+0.6
CENSORS39 EISD54 315+1.1 CENSORS91 EISD127 127 £ 0.6 CENSORS143 EISD188 6.1 £0.6
CENSORS40 EISD55 30913 CENSORS92 EISD122 126 £ 1.1 CENSORS144 EISD179 6.0 £0.6
CENSORS41 EISD58 275+£1.7 CENSORS93 EISD132 122 £ 0.6 CENSORSI145 EISD137* 5.8+03
CENSORS42 EISD60 26.5£0.9 CENSORSY% EISD125 122 £ 0.6 CENSORS146 EISD191 54£0.6
CENSORS43 EISD64 264 £0.9 CENSORS95 EISD123 122+1.2 CENSORS147 EISD197 42+0.7
CENSORS44 EISD62 26.1 £0.9 CENSORS96 EISD131 12.0+£0.6 CENSORS148 EISD162 41+08
CENSORS45 EISD66 255+1.2 CENSORS97 EISD126 120+ 1.2 CENSORS149 EISD185 4.0+0.7
CENSORS46 EISD65 252 +0.9 CENSORS98 EISD130 11.8 £ 0.6 CENSORS150 EISD194 3.8+£07
CENSORS47 EISD63 252+09 CENSORS99 EISD133 11.6 £ 0.6 CENSORS-X1 J094651-2125 72+0.5
CENSORS48 EISD68 2424+09 CENSORS100 EISD136 11.5+0.6 CENSORS-X2 J095233-2129 6.8 £0.5
CENSORS49 EISD67 23.8 £0.9 CENSORSI101 EISD139 114 £ 0.6 CENSORS-X3 J095240-2123 6.7+ 0.5
CENSORS50 EISD69 223 £0.8 CENSORS102 EISD134 11.1 £ 1.1 CENSORS-D1 J095218-2038 3.6 0.6
CENSORS51 EISD75 21.7£0.8 CENSORS103 EISD56* 10.7 £ 0.6 J095223-2041 3.8+£0.7
CENSORS52 EISD72 21.7£0.8 CENSORS104 EISD145 10.7 £ 0.6

This paper has been typeset from a TEX/IZTgX file prepared by the author.

© 2003 RAS, MNRAS 346, 627-683

© Royal Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/2003MNRAS.346..627B

