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Abstract. We present catalogues of radio sources in the
Small Magellanic Cloud from observations with the Parkes
radio telescope at 1.42, 2.45, 4.75 and 8.55 GHz, and an
additional catalogue from the Parkes-MIT-NRAO survey
at 4.85 GHz. A total of 224 sources were detected at at
least one of these frequencies, 60 of which are reported
here for the first time as radio sources. We compare po-
sitions and flux densities of these sources with previously
published results and find no significant positional dis-
placement or flux discrepancies.
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1. Introduction

The sensitive radio surveys of the Magellanic Clouds
(MCs) were undertaken at 1.42, 2.45, 4.75, 8.55 GHz be-
tween 1988 and 1991 using the Parkes 64-m radio telescope
(Haynes et al. 1986, 1991). In addition to these specific
surveys, a part of the Parkes-MIT-NRAO (PMN) all-sky
survey at 4.85 GHz by Wright et al. (1994) covered the
field of the MCs.

The catalogues of the radio sources in the Large
Magellanic Cloud (LMC) at these five frequencies were
published in Filipović et al. (1995; hereafter Paper IV).
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An additional catalogue of the LMC sources at 2.30 GHz
appears in Filipović et al. (1996).

In this paper we analyse the five surveys of the Small
Magellanic Cloud (SMC) region and catalogue the discrete
radio sources seen at these observing frequencies. We ad-
dress issues related to the calibration of the surveys: source
positional errors and the flux density calibration.

The astrophysical interpretation of sources found in
the surveys will be presented in later papers. In Paper VI
of this series (Filipovic et al. 1997, in prep.), we shall com-
pare these radio surveys with the ROSAT All-Sky surveys
and in Papers VII and VIII we shall attempt to classify all
MCs sources and look into their nature and distribution
throughout the MCs.

2. The five Parkes surveys

Table 1 lists the characteristics of the five SMC surveys
used in this study of discrete sources. We consider the
region of ∼ 6◦ × 7◦ centred on Right Ascension (B1950)
00h55m00s and Declination (B1950) −73◦00′00′′ which
cover ∼ 42 square degrees between RA (B1950) = 00h12m

to 01h38m and Dec (B1950) = −69◦40′ to −76◦20′.

The four primary surveys of the SMC at 1.42, 2.45,
4.75 and 8.55 GHz were made between 1988 and 1991 us-
ing the Parkes 64-m telescope fitted with the Australia
Telescope National Facility’s prototype receiver package
(Haynes et al. 1986, 1991). Observations at these four fre-
quencies were made by scanning the telescope across the
SMC in right ascension and declination at driving rates in
the range 1◦ to 4◦ min−1. At each observing frequency
we used 1-s integration for each datum point and made
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Table 1. Parameters of the five radio surveys of the SMC

Frequency Beam Field rms No. of
(GHz) Size Size Noise Sources

(arcmin) (Degree) (mJy beam−1) Detected

1.42 13.8 7.5◦× 7.5◦ 15 85
2.45 9 7◦× 7◦ 10 107
4.75 4.5 6.5◦× 4.5◦ 6 99
4.85 4.9 7.5◦× 7.5◦ 5 187
8.55 2.7 4◦× 3◦ 10 41

2.3 measurements across each beam size in the scanning
direction. The beam size ranged from 13.8′ to 2.7′ de-
pending on the observing frequency (Table 1). The re-
sulting images exhibited some scanning “noise” (caused
by variations in the absorbing emission characteristics of
the Earth’s atmosphere) which depended on the scanning
direction. These scanning effects have been efficiently re-
moved by the so-called “basket-weaving” technique devel-
oped at the MPIfR (Sieber et al. 1979).

Calibration was undertaken by frequently observing
sources with known integrated flux density and position,
and by mapping them in the same manner as for the MCs
(Haynes et al. 1991; Paper IV). The main source for flux-
density calibration was Hydra A. The adopted integrated
flux density scale is that determined by Baars et al. (1977).
As secondary calibrators (mainly used for pointing calibra-
tion) we chose the sources 3C 348, 3C 353, B0332−403,
B0843−336, B1819−67, B1934−638 and B2356−61.

For the 1.42-GHz survey, the primary calibrator was
Virgo A (for which an integrated flux density of 213 Jy was
assumed), while the secondary calibrators were Hydra A,
3C 138, B1414+11, B1814−63 and B1819−67 (Haynes et
al. 1986).

Our fifth study at 4.85 GHz used a public-release FITS
image of the SMC obtained from the PMN survey. The
PMN Southern Survey was made with the Parkes tele-
scope in 1992 (Griffith et al. 1991, 1994; Griffith & Wright
1993; Wright et al. 1994). Radio images between declina-
tion range −88◦< Dec < −37◦ at 4.85 GHz are available
in FITS format with a 4.9′ initial resolution and an rms.
noise between 5 and 13 mJy beam−1. We have taken these
PMN survey FITS images which cover the region of the
SMC and used the NOD2 source-fitting package to deter-
mine source positions and flux densities.

3. Source fitting

All data reduction for this study used the NOD2 software
package (Haslam 1974), modified for the Parkes telescope
data. The automatic two-dimensional elliptical Gaussian-
fitting algorithms implemented in the NOD2 package were
used to search for sources and to determine source posi-
tions, flux densities and extension. A planar base level
was fitted to the region of every source detected in the

survey and the position and flux intensity of the discrete
sources were then determined. Sources were catalogued if
their fitted Gaussian flux intensity was at least 5 times
the rms. noise level (5σ) in the image (Table 1) or seen
in at least two different frequency images but not weaker
than 4σ. The validity of each source was then checked by
inspecting the images and, for those regions in which there
were clearly more than one discrete source, multi-source
Gaussian fitting was used to model the extended emitting
region.

4. Radio source catalogue

4.1. The tables

Tables 2 to 6 are the catalogues of discrete radio sources
found in the SMC surveys1. In these tables, we used the
same format as for the paper on the LMC (Paper IV) i.e.
the source name (Col. 1) is derived from the standard IAU
system of source nomenclature (Dickel et al. 1987; Lortet
et al. 1994), namely - SMC Bhhmm-ddmm (e.g., SMC
B0054−7254). The letter “B” in Col. 1 indicates that the
source positions (Cols. 2 and 3) are for equinox and equa-
tor B1950. For easier cross-checking we have adopted the
reference source name based on the position at the highest
frequency, since that position will be the most accurate.
In Col. 4 the symbol (e) is used to flag sources that are
significantly extended. The definition of extension is dis-
cussed below in Sect. 4.2. The integrated flux densities are
listed in Col. 5.

Table 7 gives the cross-references for all sources in
Tables 2 to 6. Column 3 (Other Names and Comments)
uses the following abbreviations:

N Henize (1956) (e.g., N 66),
S McGee et al. (1976) (e.g., S 17),
PKS Otrupcek & Wright (1991)

(e.g. PKS B0057−724),
MC4 Clarke et al. (1976) (e.g., MC4 B0057−724),
MRC Large et al. (1981) (e.g., MRC B0027−698),
MA Mills & Aller (1971) (e.g., MA B0103−723),
PMN Wright et al. (1994) (e.g., PMN J0059−7210),
NGC Sinnott (1988) (e.g., NGC 346),
DEMS Davies et al. (1976) (e.g., DEMS 103),
1E Seward & Mitchell (1981)

(e.g., 1E 0057.6−7228),
IKT Inoue et al. (1983) (e.g., IKT 18),
LI − SMC Israel et al. (1993) (e.g., LI-SMC 131),
WW Wang & Wu (1992) (e.g., WW 44) and
BKGS Bruhweiler et al. (1987) (e.g. BKGS 1A)

1 These catalogues are now available in machine-readable
form and can be obtained on request from the authors via Inter-
net: mfilipovic@atnf.csiro.au or fica@st.nepean.uws.edu.au
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4.2. Source extension

The basket-weaving analysis, gridding and scanning pro-
cess used during the observations slightly broadens the
full width half maximum (FWHM) beam size. We have
determined the effective beam size from the distribution
of the fitted widths after excluding the tail of very ex-
tended sources. We excluded sources greater than 5 times
the median size and then recalculated the median until
the process converged2. The definition adopted here for a
significantly extended source is that the fitted size (solid
angle) of the source is twice that of the effective beam
size. The true angular size of the sources is the observed
size deconvolved with the effective beam size. Adopting
this definition, between 5% and 20% (depending on the
observing frequency) of all our sources in the SMC field
are extended. For details about nominal beam size, effec-
tive beam size, uncertainty in the effective beam size and
the number of extended sources, see Table 8.

Table 2. Nominal and effective beam sizes, standard deviation
of effective source sizes and number of sources considered as
clearly extended

Frequency Nominal Effective Standard No. of
(GHz) Beam Size Beam Size Deviation Extended

(arcmin) (arcmin) (arcmin) Sources

1.42 13.8 16.8 1.9 9
2.45 9 10.1 1.1 12
4.75 4.5 5.3 0.7 11
4.85 4.9 5.2 0.6 12
8.55 2.7 3.6 0.7 12

5. Calibration procedures

5.1. Position calibration and uncertainties in position

The accuracy of the positions for all sources in our cata-
logues is limited by the pointing accuracy and beam size
of the Parkes telescope. We have compared the positions
of 20 radio sources from the MC4 catalogue (Clarke et al.
1976) with positions from our 8.55-GHz catalogue (Table
6) and have found no significant positional bias between
our radio and MC4 catalogue positions [∆RA = −4′′±6′′,
∆Dec = 3′′ ± 5′′ (8.55 GHz - MC4)].

We have also compared our 4.85-GHz catalogue po-
sitions (Table 5) with the published PMN survey source
positions (Wright et al. 1994) for 146 common objects.
Again, the positional difference is satisfactory [∆RA =
2′′±2′′,∆Dec = 2′′±2′′ (4.85 GHz - PMN)] with standard
deviations in the differences of 28′′ and 21′′, respectively.

2 The median rather then mean was used since the distribu-
tion was not Gaussian.

An additional comparison between accurate radio
positions (< 0.5′′) for three widely separated sources,
B0020−747, B0045−757 and B0100−760, in both White
et al. (1991) and our catalogues, also shows no significant
positional bias.

The accuracy of source positions depends on the ob-
serving frequency and the source extension. For example,
by comparing the positions of sources at the different radio
frequencies, we conclude that the errors in position have
a standard deviation of 16′′ ± 3′′ in both right ascension
and declination at 8.55 GHz. Positional accuracies of in-
dividual sources at each frequency are presented in Table
9 and are similar to those for the LMC (Paper IV). For
each source, these were determined by comparing the 8.55-
GHz position with the position determined at the other
frequencies. These positional accuracies represent 13±3%
of the Parkes telescope beam size.

Table 3. Positional and flux density uncertainties for the SMC
surveys. Uncertainties in flux density (∆ S =

√
A2 + (B × S)2)

Frequency ∆RA ∆Dec A B
(GHz) (arcsec) (arcsec) (Jy) (%)

1.42 109 111 0.017 14.9
2.45 72 65 0.029 11.8
4.75 28 25 0.003 7.8
4.85 20 24 0.015 6.2
8.55 16 16 0.030 11.1

5.2. Flux density calibration and uncertainties in the flux
densities

5.2.1. Comparison with the Parkes (PKSCAT-90)
Catalogue

To establish the relative flux density scales of our cata-
logues at 1.42, 2.45, 4.75 and 8.55 GHz we have compared
our flux density with those from the PKSCAT-90 cata-
logue (Otrupcek & Wright 1991) which includes sources
from surveys at 1.40 GHz (Mathewson & Healey 1964;
McGee et al. 1976), 2.70 GHz (McGee et al. 1976; Bolton
& Butler 1975; Broten 1972), 5.00 GHz and 8.80 GHz
(McGee et al. 1976).

Few sources in the SMC are contained in the PKSCAT-
90 catalogue at 1.40 GHz. Flux densities at this frequency
have been estimated (McGee et al. 1976) for a few strong
sources from the 21-cm contour map of Mathewson &
Healey (1964). Figure 1a shows a comparison of source flux
densities at 1.42 GHz from our survey with the estimated
1.40-GHz flux densities from PKSCAT-90 and McGee et
al. (1976). The median of the ratio between our estimates
and PKSCAT-90 is 1.01 (our flux densities are higher)
with a standard deviation of 0.30.
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Fig. 1. Comparisons of flux densities in Tables 2-6 with flux densities from the PKSCAT-90 source compilation and that of
McGee et al. (1976) at similar frequencies. a) gives flux densities from Table 2 (measured at 1.42 GHz) compared with the
1.40-GHz flux estimates from PKSCAT-90 and McGee et al. (1976). Similarly, b), c), d) compare flux densities in Tables 3
(2.45 GHz), 4 (4.75 GHz) and 6 (8.55 GHz) with PKSCAT-90 fluxes at 2.70, 5.00 and 8.80 GHz, respectively. Details of the
comparisons are given in Sect. 5.2.1
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Figure 1b presents a comparison of the integrated
flux density from our survey at 2.45 GHz versus the flux
density at 2.70 GHz (McGee et al. 1976; Bolton & Butler
1975; Broten 1972) for 18 sources in common (excluding
four very extended sources). The resulting median is 1.14
with a standard deviation of 0.16.

Figure 1c shows a comparison of the integrated flux
density of sources at 4.75 GHz versus flux density at
5.00 GHz from McGee et al. (1976). From our new survey
at 4.75 GHz, we found 15 of the 27 sources. A comparison
of 15 of these sources observed by McGee et al. (1976)
and by us shows reasonably good agreement between the
flux densities. The median ratio is 0.95 with a standard
deviation of 0.40.

The comparison of flux density at 8.55 GHz versus flux
density at 8.80 GHz (McGee et al. 1976) given in Fig. 1d,
shows a median ratio of 1.04 with a standard deviation of
0.41. Only nine sources are in common.

From all of these comparisons, shown in Figs. 1a to 1d,
only a very few sources have spectra that do not conform
to a power-law relationship. Such sources are often ex-
tended and blended with other surrounding sources or are
variable. In summary, the flux densities of our catalogues
(Tables 2 to 6) agree well with those of the catalogues used
for comparison.

5.2.2. Comparison with the Southern Hemisphere PMN
survey

In Fig. 2a we compare our fitted flux densities at 4.85 GHz
(Table 5) with flux densities as published in the PMN
source catalogue (Wright et al. 1994) at 4.85 GHz for 148
sources in common. The flux densities agree very well (ra-
tio=1.04, SD=0.33) except for a very few clearly extended
sources where the source-fitting algorithm used for the
PMN catalogue is not optimized. This problem has been
addressed in Paper IV and in Wright et al. (1994).

Source flux densities determined from the PMN FITS
images, using the NOD2 package, also agree well with the
fitted flux densities from the 4.75-GHz survey (Fig. 2b),
indicating an excellent consistency. The ratio (S4.85 GHz \
S4.75 GHz) is 0.99 with a standard deviation of 0.25.

5.2.3. Uncertainties in flux densities

Following Paper IV, we have compared the flux densi-
ties at our five frequencies with interpolated flux densities
at the same frequencies from PKSCAT-90 (Otrupcek &
Wright 1991). This type of analysis gives the uncertainty
in flux density in the form:

∆S =
√
A2 + (B × S)2 (1)

where A and B are constants. The flux-density-
independent component of uncertainty (A) has been com-
puted from the rms differences for weak sources (where
flux-density-dependent uncertainties are negligible) and
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Fig. 2. a) compares 4.85-GHz flux densities (from Table 5)
with published flux densities determined by Wright et al.
(1994) from the 4.85-GHz Parkes-MIT-NRAO (PMN) survey.
b) compares the 4.85-GHz (Table 5) with the 4.75-GHz flux
densities (Table 4). Details of these comparisons are given in
Sect. 5.2.2
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the flux-density-dependent uncertainties (B) have been
computed from the rms differences for strong sources.
Assuming an equal rms noise for both our surveys and
the PKSCAT-90 compilation, we obtain the uncertainties
listed in Table 9 which are similar to those for the LMC
(Paper IV).

For all but the very weakest sources, the uncertainty
in flux density is dominated by the flux-density-dependent
component which is ∼ 10± 3%.

6. Conclusions

This work presents new catalogues of radio sources in
the SMC at five radio frequencies: 1.42 GHz (86 sources),
2.45 GHz (107 sources), 4.75 GHz (99 sources), 4.85 GHz
(187 sources) and 8.55 GHz (41 sources). There is a total
of 224 radio sources, 60 of which are new. We have already
identified some of these new sources at other wavelengths.
Further analysis of the SMC discrete sources will appear
in following papers, discussing the radio spectral indices
and comparisons with X-ray, infrared and optical data.
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