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ABSTRACT. New radio continuum surveys of the Large and the Small Magellanic Cloud have
been completed recently at four frequencies, using the Parkes 64-m telescope. Here we shall
discuss briefly the overall radio morphology of the Clouds at different frequencies and discuss the
detected linear polarization. A preliminary integrated radio continuum spectrum of the Large
Magellanic Cloud is also presented. Various aspects of future studies will be outlined.

1. Introduction.

Numerous studies of the Magellanic Clouds (MCs) have been carried out over a wide range of the
electromagnetic spectrum. Owing to the proximity of the Clouds, very detailed measurements can
be made with linear resolutions almost as good as those achievable in the Milky Way, but with all
the advantages of the outsider's view. However, the large angular sizes involved pose problems for
any investigation aimed at complete coverage of the Clouds. Enormous amounts of valuable
telescope time are required for deep radio surveys of these galaxies.

After the first detection of the Large Magellanic Cloud at 85.5 MHz by Mills and Little (1953), the
MCs have been surveyed between 20 MHz and 8.4 GHz. The low-frequency observations were
aimed at the large-scale structure of the Clouds, while at higher frequencies, the emphasis was on
the discrete source properties (see Mills and Turtle 1984, for a compilation). Another radio
continuum survey was undertaken at 820 MHz by Mills et al. (priv. comm.) at about the same time.
These older surveys, however, did not provide complete coverages of the Clouds, and they
suffered from poor signal-to-noise ratios. We decided therefore, to undertake more sensitive radio
continuum surveys of the MCs at a number of frequencies to study their radio properties in detail.
Conveniently, the Parkes 64-m telescope has been upgraded, and as a result of its new sensitive
and very stable receiver systems, the new generation of surveys are an order of magnitude better
than earlier ones. It was also convenient for us that our surveys were undertaken while the MCs
were being thoroughly surveyed in other bands of the electromagnetic spectrum: in the far-infrared
(FIR) (Rice et al. 1988; Schwering 1989; Schwering and Israel 1989), in X-rays (Helfand 1990),
and in the CO line (Cohen et al. 1988). The Clouds have also been mapped in the radio continuum
as part of the All Sky Surveys, namely at 408 MHz by Haslam et al. (1981; 1982), and at 2.3 GHz
by Mountfort et al. (1987).

Over the last two years, a complete multi-frequency radio continuum survey of the MCs has been
accomplished using the Parkes 64-m telescope at 1.4 GHz (Haynes et al. 1986), 2.4, 4.75, and
8.55 GHz (Haynes et al. 1990). In this paper we present some more of the recently obtained radio
continuum maps, and discuss the large-scale distribution of the radio emission of the MCs. Some
aspects of the impact on various astrophysical problems are highlighted.
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2. New Radio Continuum Surveys.

In Table 1 we have compiled the observational parameters of our radio continuum surveys of the
Large and Small Magellanic Clouds (LMC and SMC, respectively). The 2.4-GHz survey does not
have the same high quality as the others, owing to satellite interference. A new survey will be
undertaken later this year, with the frequency centred at 2.5 GHz.

TABLE 1 *
v Field size #of c HPBW TpS Obs.
[MHz] ©x0] coverages [mly] (1 [KAy] date
1401 12 x 12 4 30 154 073  Nov.1984  LMC
" 65 x 65 4 " " " " SMC
2400 12 x 12 3 50 85 082 Nov.1987 IMC
" 65 x 45 4 34 " " " SMC
4750 11 x 10 3 8 48 065  Mar. 1988  IMC
" 65 x 45 2 7 " " " SMC
8550 7 x 6 2 17 30 052 Nov.1988  IMC
" 35 x 25 2 17 " " " SMC

In Figure 1 we show the total power maps of the LMC and the SMC at 8.55 GHz. These maps

show that most of the emission at this frequency is correlated with HII regions as seen in Ho
(Henize 1956; Davies et al. 1976) and in the FIR (Rice ez al. 1988; Schwering 1989; Schwering
and Israel 1989). Naturally, the diffuse nonthermal emission which dominates in these galaxies at
lower frequencies (SMC: Loiseau et al. 1987, LMC: Klein et al. 1989) is much weaker at

8.55 GHz, and the thermal emission dominates the radio morphology of the Clouds at this

frequency.

These maps of the LMC show the same overall asymmetry evident at lower frequencies. The
dominant region in the radio continuum is the 30-Dor complex with its southern extensions. This
region appears to host the largest gas reservoir as indicated from HI (Rohlfs et al. 1984) and CO
(Cohen ez al. 1988) maps. No excess radio emission has yet been detected in any of the surveys at
the position of SN1987A.

3. Linear Polarization.

The maps at 2.4 and 4.75 GHz exhibit strong linear polarization in the LMC south of 30 Dor. The
apparent degree of polarization reaches ~30 % over a square degree (900 x 900 pc), and ~10 % is
seen in a few other locations of the LMC. This indicates magnetic fields aligned over a large area.
No significant polarization has been observed in the survey at 8.55 GHz at the current sensitivity
level. An important result is that the strongest polarization begins where the highest HI (Rohlfs et
al. 1984) and CO (Cohen et al. 1988) column densities are seen. This may stress the role of
magnetic fields for both the star-formation process itself and its preconditions.

In the SMC the situation is less conclusive. The linear polarization is very weak at all frequencies
observed by us. We found that at 1.4 GHz it reaches approximately 5% in some locations (Loiseau

*

The 1.4 GHz maps and analysis of the LMC and SMC were published in Haynes et al. (1986) and in
Klein et al. (1989). The 4.75 GHz map of the LMC was published in Haynes et al. (1990)
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et al. 1987). It is also not much stronger at higher frequencies. The detected polarization at 2.4 and
4.75 GHz is marginal, if present at all, and no polarization is seen at the sensitivity level of the 8.55

GHz measurements.
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A likely interpretation of this may be twofold: at low frequencies, it could be caused by the large
line-of-sight depth through the SMC, possibly coupled with a random field orientation along the
line of sight (Loiseau et al. 1987); alternatively, at higher frequencies it could be the result of a

dominance by thermal emission.

4. Total Emission and Radio Spectrum.

Accurate integrated flux densities for the LMC (Klein et al. 1989) and the SMC (Loiseau et al.
1987) have been derived for frequencies up to 2.3 GHz. We have computed preliminary integrated

high-frequency flux densities for both objects, utilizing the new surveys between 2.4 and 8.55
GHz. In Figure 2 we show the integrated radio continuum spectrum of the LMC. Note that the flux
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densities at 2.4, 4.75, and 8.55 GHz may still be inaccurate by several per cent, owing to
inadequate consideration of (unrelated) background sources. At 8.55 GHz the flux density is likely
to be a lower limit because of incomplete coverage of the LMC field.
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The low-frequency part of the spectrum in Figure 2 has o = - 0.7 (Sy ~ v%). We believe that the
spectrum flattens significantly towards higher frequencies, indicating the prevalence of thermal
emission. A least squares fit to the integrated flux density versus frequency spectrum indicates a

mixture of a nonthermal spectrum (o = - 0.7) and an optically thin thermal spectrum at the higher
frequencies. For the SMC the situation is less conclusive at the moment: our preliminary flux
densities at 2.4, 4.75 and 8.55 GHz indicate a cutoff in the nonthermal spectrum at about 2 - 3
GHz.

5. Further aspects of this study.

The radio continuum surveys which have been completed recently must be considered an important
data base for numerous studies. First, they are very useful for detailed future studies (e.g. with the
Australia Telescope). In particular, we are able to disentangle the varying contributions of thermal
and nonthermal emission, down to a linear scale of ~70 pc. This will support, for instance, the
search for further supernova remnants. A comparison with X-ray observations (EINSTEIN,
ROSAT) is therefore very worth while.

The detection of strong linear polarization in the LMC indicates regions of high magnetic field
alignment over kpc scales. Along with this, and by separating the thermal and nonthermal
components, we will be able to study cosmic ray generation and propagation in the LMC. This

investigation is enhanced by incorporating the FIR (IRAS) data. IRAS data (100 p and 60 p) may
be used to some extent as an alias for the thermal radio emission (allowing consistency checks in
the separation process). In addition, it provides a unique opportunity to scrutinize the well-known
global radio-FIR correlation in galaxies (see for example Wunderlich and Klein 1988), down to
scale sizes of 70 kpc.

Finally, the comparison of the radio continuum maps with the FIR (Rice et al. 1988; Schwering

1989; Schwering and Israel 1989), Ho. (Kennicutt and Hodge 1986), UV (Page and Carruthers
1981; Smith et al. 1987), CO (Cohen et al. 1988), and HI (Mathewson and Ford 1984; Rohlfs et
al. 1984) will enable the most thorough study of star-forming processes in an extemal galaxy on
scales between ~70 pc and kpcs.
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