5 GHz CONTINUUM RADIATION FROM SOUTHERN HEMISPHERE
GALACTIC HITI REGIONS

By F. F. GARDNER* and M. MoriMoOTO
[Manuscript received March 12, 1968)

Summary

The continuum radiation from about 36 southern thermal radio sources has
been surveyed at 6 cm wavelength with a beamwidth of 4/-2 arc, and maps are
shown for 28 of these. The positional accuracy is better than 1/ arc.

All the sources are resolved to some extent. Peak temperatures, half-intensity
widths, and peak emission measures are given for each.

I. INTRODUCTION

The 6 cm continuum survey described in the present paper was undertaken
mainly to supplement observations currently in progress at the Australian National
Radio Astronomy Observatory at Parkes of recombination lines and OH- and H.line
emission and absorption. The wavelength is the same as that used in a similar survey
by Mezger and Henderson (1967) in the northern hemisphere, but the beamwidth
is 50% narrower (4'+2 arc compared with 6'-4 arc). While the emphasis was on the
strongest thermal sources} in the southern sky, there are 10 sources in common with
Mezger and Henderson. As in the latter survey, the interest has been in the bright-
est concentrations for which peak antenna temperatures are measured and (to a
lesser degree of accuracy) the brightness temperatures, fluxes, and emission meas-
ures derived. Distance estimates for the HII regions are not considered in the
present paper.

II. TeLESCOPE AND EQUIPMENT

The observations were made in May 1967 with the Parkes 210 ft telescope.
The reflecting surface consists of an inner 55 ft of solid surface surrounded by 1380
mesh panels. With the aid of a special survey instrument these panels were set so
that the shape was optimum near zenith angle 30° (Minnett, Yabsley, and Puttock
1967). This minimized the variation in performance over the normal range of zenith
angle, and in fact point source measurements with fixed focus showed that the
gain, including extinction, exceeded 959, of its peak value in the range 20° to 55°,
where practically all observations in the present paper were made. In practice, the
gain variation was less than this, as the focus was adjusted to the value appropriate
to the mean zenith angle for each source.

The feed system consisted of a dual-mode circular horn similar to one used
previously at 18 ecm wavelength (Gardner, McGee, and Robinson 1967). This pro-
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duced a cireular feed beam with low spillover and, within the accuracy of measure-
ment, a circular secondary beam. The illumination taper was somewhat greater
than in the preliminary 6 cm observations (Broten et al. 1965) and as a result the
half-intensity beamwidth of 4'-2 arc was slightly greater than before.

The radiometer was switched at 40 Hz between the feed and a liquid-nitrogen-
cooled termination. Approximate noise balance was achieved by adding noise to
the signal side. The receiver consisted of a tunnel diode input stage followed by a
double-sideband mixer with an intermediate-frequency band from 5 to 100 MHz.
The input bandwidth was twice this, covering 4-9-5-1 GHz. The overall noise
temperature was around 800°K.

The 10°K calibration used in the observations was obtained from a noise lamp
through an adjustable attenuator and a directional coupler. It was set by reference
%o & thermal calibration in which the load temperature was changed from 0°C to
50°C.

The brightness temperature scale was determined from measurements of the
beam shape for small diameter sources and from a measurement of the ratio of the
peak response (mean of two orthogonal polarizations) to the calibration for the quasi-
stellar source 3C 273 (assuming that the flux of 3C 273 at the time of observation,
mid May 1967, was 41 fu.). On the same scale Hydra A and M 87 had peak flux
values of 13 and 69 f.u. respectively.

For a Gaussian beamshape with half-intensity width B, an extended region

of brightness temperature T', will give the same radiometer output as a point source
of flux 8 if

T,/ = 3-77 x103(\/ B)2 = 0-77

in our case, with A in metres and B in minutes of arc. The corresponding antenna
temperature 7', for a 210 ft paraboloid with aperture efficiency 7, is

T8 =1-1657, or  Ty/Te=0-66/,.

With 7', derived from the thermal calibration, as outlined earlier, T',/T, ~ 2-0 and
correspondingly 7, = 0-33. This includes atmospheric extinction under good con-
ditions at a zenith angle of ~ 35°.

III. OBSERVATIONAL METHOD

The main observations were generally drift scans at declination intervals of
9/.0 are. At least two scans were made and averaged for each declination and if there
was any obvious difference between them a third scan was made. Forward and
reverse scans in declination at 0-25 deg/min were made through the source peak
position and also as tie-in scans at right ascensions away from steep gradients in
intensity. At declinations below —50° the right ascension scans were made with
the telescope driving at about 4-0-25 sec & deg/min. The time constant of 1 sec
was allowed for in the reduction, which was done from the analogue charts. The
sensitivity was generally governed by receiver drifts and fluctuations in sky back-
ground rather than by receiver noise. Extinction corrections for ‘‘good-seeing”
conditions are included in the calibration.
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In all cases the accuracy of pointing of the telescope was better than 1’ arc.
Average refraction is compensated for in the error detection system (Bolton,
Gardner, and Mackey 1964).

IV. REesuLrs

The results of the survey are presented in Figures 1(a)-1(w) and Table 1.
Column (1) of the table gives the source name. If available, the optical number is
given precedence—Messier, NGC, or RCW (Rodgers, Campbell, and Whiteoak
1960); otherwise the Westerhout (W) number or a coordinate number as used in
the Parkes catalogue (Bolton, Gardner, and Mackey 1964) is used. Columns (2)
and (3) give the source peak position in celestial and galactic coordinates. Column
(4) gives the observed widths 6, and 6, in minutes of arc and column (5) gives the
derived widths 6, and 6, of the components under the assumption of Gaussian source
and beam. Column (6) gives antenna temperature 7',, column (7) the flux S, column
(8) the central brightness temperature 7', derived for a Gaussian model, and column
(9) the corresponding central emission measure. :

The conversion from 6, to 6, is through the formula

(0)* = 65+ (4-2)2.
The flux § is given by
S = Smax 0;: 0:5/(4 "2)2,

and the central brightness temperature 7', for a Gaussian model by
Ty = To.max 0 05/ 005 ~ 27,6,,6,/ 6,0,

Here T'y max is the peak chart deflection measured in terms of the full-beam bright-
ness temperature scale. «

The formula of Scheuer {1960) or equatibn (5) of Mezger and Henderson (1967)
relates T', and emission measure E.M. in pccm—8. For 5-0 GHz

T, = (EM.)x1-10 x 104,

For a number of multiple-component sources the individual components
cannot be clearly separated from the surrounding background, and the fluxes derived
will depend on the beamwidth and on assumptions about the underlying back-
ground.

V. Discussion

When a comparison is made with the results of Mezger and Henderson (1967)
for the sources in common, it is found that most of our values of flux are lower and
emission measures higher for the central components. This is probably just the
result of the 509, greater resolution, and it is likely that the trend would continue
with further increase in resolution, as was found by Mezger, Schraml, and Terzian
(1967) to be the case for W 49.

Six of the sources shown in Figures 1(a)-1(w) are associated with strong OH
emission, namely PKS 1308—62, PKS 1608 —51, PKS 1617 —50, NGC 6334, W49,
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and W51. For five of these, the OH positions (Gardner, McGee, and Robinson 1967;
McGee, Gardner, and Robinson 1967; Weaver et al. 1968) are displaced to the edge
of the thermal source—in most cases to a distance where the emission (when cor-
rected for beam broadening) would be below one-quarter of the central intensity.
That is, the OH emission is from near the edge of the HII region, as expected for
the simple model discussed by Gardner, McGee, and Robinson in connection with
NGC 6334. For W49, our resolution is inadequate for any meaningful comment,
but Mezger, Schraml, and Terzian (1967) find that only one of the two OH compo-
nents is near the periphery of the source. For the source IC 1795, which is not
visible from Parkes, Rogers et al. (1967) have found that the OH emission is again
from the outer edge of the intense HII region, but Mezger et al. (1967) have found
a weak source in approximate coincidence with the OH-emission position. Our
resolution is insufficient to rule out the possibility of similar weak continuum sources
coincident with the OH positions for the other sources listed above.

The map of the Carina nebula shows two components separated by some 10’
arc along a line of constant galactic latitude. The similarity in peak intensity and
angular size of the two components suggests that they are parts of the same object.
However, 126 « and 127 « hydrogen recombination line profiles observed by McGee
and Gardner (1968) are very different for the two components. The western compo-
nent has a normal line-to-continuum ratio and width, and its central velocity of
—20 kmsec! is that expected from the galactic rotation model. However, the
eastern component, nearer to the peculiar star n Carinae, has a lower line-to-con-
tinuum ratio and the profile is very broad and appears to be composed of two
components with mean velocities of 0 and —40 kmsec™'. Future high resolution
recombination line mapping of the nebula should be very useful for revealing the
details of these large internal motions.

VI. CONCLUSIONS

Twenty-eight HII regions have been mapped with a 4'-2 arc beam and
individual components with angular diameter down to 1’-5 have been found. It is
quite likely that finer detail would emerge with more resolution. To this extent
the peak emission measures quoted should be considered only as lower limits.

A comparison between positions of OH and continuum features indicates that
in five out of six cases the OH emission originates from the periphery of the HII
region. For these five cases higher resolution mapping would be required to reveal
the presence of weak continuum features coincident with the OH-emission position.

VII. ACKNOWLEDGMENTS

The authors are indebted to Miss J. Milton and Miss M. Adams for their
assistance with the data reduction, and to Mr. F. Tonking who was responsible for
the design and construction of the radiometer.

Figs. 1(a)-1(w).—Contour maps of galactic radio sources at A = 6 em. The scale is shown for
each map and asterisks indicate OH-emission positions.
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Fig. 1(!).—The asterisk indicates OH emission.
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Fig. 1(w).—The asterisk indicates OH emission.
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