
5000 MHz Flux Densities and Spectra 
for 325 Small-diameter Radio Sources 
at Low Galactic Latitudes 

J. L. Caswell,A R. F. HaynesA and D. H. ClarkB 

Aust. J. Phys., 1975, 28, 633-46 

A Division of Radiophysics, CSIRO, P.O. Box 76, Epping, N.S.W. 212t. 
B Chatterton Astrophysics Department, School of Physics, University of Sydney, N.S.W. 2006; 
present address: Mullard Space Science Laboratory, University College, London. 

Abstract 

Flux density measurements at 5000 MHz are presented for 325 of the small-diameter sources 
detected in the Molonglo 408 MHz galactic survey. By investigating the spectra we show that 
probably between 10 % and 15 % of the sources are galactic and the remainder extragalactic. 

1. Introduction 

Clark and Crawford (1974) recently compiled a list of 513 small-diameter 
(;$1' arc) sources occurring at low galactic latitudes (I b 1 ~ 3°), south of declination 
+ 17° 00'; their lower flux density limit was S408 = 0·6 Jy. * We have used the 
Parkes 64 m radio telescope at 5000 MHz (beamwidth ",4' arc to half power) to 
measure flux densities for all of the stronger sources (S408 ~ 1 Jy) together with a 
sample of the weaker ones. The Molonglo telescope beam size (2'·86 x 2' ·86 x 
secant(c5 + 35°.5) arc) is only slightly smaller than ours and thus we were able to 
determine quite accurate spectral indices for most of the sources. 

2. Observations at 5000 MHz 

The receiver used Dicke switching of the feed horn against a cold load, and scans 
in right ascension and declination were made through the nominal 408 MHz 
position; the mean of a 'forward' and 'reverse' scan (each of length 30' arc and at a 
drive rate of 1 ° min -1) was obtained for each source using 'STAKFL', a computer 
program due to J. V. Wall. The program allows on-line filtering of the data, baseline 
slope removal, intensity scaling of the results and source parameter fitting, and 
produces a plot of the corrected scaled data. 

Scans were inspected individually for the possible presence of any adjacent 
confusing source which might necessitate more detailed interpretation of the flux 
density estimate, and to see whether in special cases either the right ascension or the 
declination scan should be ignored because of confusion. A check was also made 
that the trace was not significantly broader than the beam. For most sources with 
S5000 > 1 Jy we place an upper limit on the observed width of 1·05 times the 
beamwidth; a few exceptions which may be significantly broadened are noted in 
the results. 

* Ijansky(Jy) = 10- 26 Wm- 2 Hz-l. 
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In general our 5000 MHz pointing accuracy is slightly lower than at 408 MHz 
and position errors as great as I' arc may occasionally be present; we draw 
attention below to a few instances where discrepancies are greater than this, since 
such large values are unlikely to be due to 5000 MHz pointing errors alone. 

The errors in the 5000 MHz flux densities are compounded from a number of 
independent causes, and we will now assess their magnitude. The flux density cali­
bration is relative to an assumed flux density of 13·5 Jy for Hydra A. Uncorrected 
gain variations of up to 10% may be present (including residual zenith-angle­
dependent effects). The positional errors at 5000 MHz can cause a systematic 
underestimate of the flux density by up to 10 %. Receiver noise contributes an 
r.m.s. fluctuation of -0·01 Jy. Atmospheric effects are small, since observations 
made in poor weather conditions and repeated later showed that even in recognizably 
bad weather the flux density (mean from right ascension and declination scans) was 
not grossly in error. Finally, the effects of confusion are difficult to assess in the 
galactic plane and can be as great as all of the previously mentioned errors 
combined. Although regions confused at 408 MHz were avoided by Clark and 
Crawford (1974) there are nonetheless some areas where the higher frequency of 
5000 MHz together with the slightly larger beam size results in increased confusion 
errors, principally by adjacent HII regions. On account of this, for the source at 
R.A. 18h21m50s'4, Dec. -13°10'22" the upper limit which we were able to place 
( < 1 Jy) was so poor as to be of little value and we have omitted it from our list 
of results. 

Taking all the above errors into account, we believe that, for most of the sources, 
random errors in our spectral index estimates are less than 0·1 (Le. less than 28 % 
relative error in flux densities at the two frequencies); a systematic error is also 
probably present (caused by the underestimation of the 5000 MHz flux density) 
whereby all spectral indices are more negative by -0·03. 

The results are give~ in Tables 1 and 2. In Table 1 (sources with oc: < -0·35) we 
give positions (as measured at 408 MHz by Clark and Crawford 1974) in both equa­
torial coordinates and corresponding galactic source number (I and b in degrees 
quoted to two decimal places), together with S5000 and oc:lggo, where oc: is defined in 
the sense S ex:: V«. The flat spectrum (IX > - O· 35) sources are of additional interest 
since they are, we believe, largely galactic (see Section 3); they have therefore been 
listed separately (Table 2), with additional information. 

Our positions measured at 5000 MHz are not given, since as noted earlier, they 
are generally expected to be of slightly lower accuracy than Clark and Crawford's 
(1974) positions. However, in notes to the tables we draw attention to four 
sources where the position discrepancy appeared significant and in at least one case 
it seems from independent data that the Clark and Crawford position is poor. It 
is also noted that for three other sources the quoted galactic coordinates of Clark 
and Crawford are incorrect. 

Many equivalences between 4C sources and the present list have been noted by 
Clark and Crawford (1974), and some of the sources correspond to sources listed 
in the Parkes 2700 MHz galactic survey (Day et al. 1972, and references therein). 
These other surveys had poorer resolution and were thus subject to increased confu­
sion errors relative to our results but, within this limitation, their measurements are 
generally compatible with our derived spectra. 
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3. Interpretation 

(a) Number Counts 

643 

Clark and Crawford (1974) commented that, from comparison of the spatial density 
of sources in their survey with the density at much higher latitudes, there appeared 
to be a low galactic latitude excess. This conclusion is incorrect and resulted from 
a simple error in deriving the 'expected' number. In fact the data of Mills et al. (1973) 
indicate that 867 sources are to be expected with S408 ~ 0·62 Jy in an area of O· 40 sr, 
whereas Clark and Crawford detected only 508 (a further 5 have 0·60 ~ S < 0·62). 
Thus no more than 59 % of the expected sources were found. In search of an 
explanation for this deficit we inspected the differential number counts. It appears 
that in the galactic region, above O· 88 Jy, 68 % of the expected number of extra­
galactic sources are found, whereas below 0·88 J y the percentage drops to 39 %. 

These values are approximate and allow for some statistical fluctuations in the 
high latitude sample (the area covered by Mills et al. is less than half the area 
covered by Clark and Crawford), and also allow for the fact that '" 13 % of the 
Clark and Crawford sources are probably galactic (see below). 

A generally lower spatial density of sources is expected because of the rejection 
of some galactic areas as too confused for analysis, and an additional falloff in 
completeness near the low flux density limit of the survey is not surprising. 
However, although Clark and Crawford (1974) estimate that their selection criteria 
would eliminate at least 10% of the area searched, it seems unlikely that 32 % 
would be eliminated. We also find that the deficit in the latitude range 
10 .5 < I b I ~ 30 is just as great as that in the region I b I ~ 10 .5 and likewise shows 
no significant dependence on galactic longitude; this is surprising if the deficit of 
sources is due to the areas omitted, since such areas of high galactic confusion 
would occur more commonly at the lower latitudes and at longitudes concentrated 
towards the galactic centre. 

Regardless of the explanation for the deficit, it is clear that number counts alone 
yield no evidence for the presence of galactic sources in the list; however, we now show 
that a galactic population can be recognized from the distribution of spectral indices. 

(b) Overall Distribution of Spectral Indices 

In order to search for a recognizable galactic population we have used two 
approaches. Firstly, histograms of the distribution of spectral index have been 
prepared separately for the regions I b I ~ 10 .5 and 10 .5 < I b I ~ 30 and are shown 
in Figs la and lb. One would expect any disc population of galactic objects to be 
more prominent in Fig. la than in Ib and indeed it is noticeable that, relative to Fig. 
Ib, Fig. la shows a significant tail in the distribution towards positive spectral index. 

Our second approach has been to compare both of these histograms with the 
comparable Bologna one for high latitudes given by Grueff and Vigotti (1973). 
Their results are reproduced in Fig. Ie, where the histogram is scaled to approximately 
the same area in the spectral index range - 0·7 to -1,1. For this comparison it is 
important to note the similar observational selection of the Bologna sample, namely, 
it is selected from a 408 MHz survey, complete to a similar lower flux density limit 
(0·9 Jy as opposed to 1 Jy), and their spectra, like ours, are mean values over the 
frequency range 408 to 5000 MHz. Our spectral indices may be systematically more 
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negative (by up to 0·05) on the average, since (1) our 408 MHz flux density scale is 
slightly higher (the Wyllie (1969) scale rather than the Kellermann et al. (1969) 
scale) and (2) our 5000 MHz flux densities may be systematically low by about 
5-10 % owing to the use of 408 MHz positions without corrections for our own 
telescope pointing errors. 

The low-latitude excess of flat spectrum sources is clearly confirmed from the 
comparison of Figs 1a and Ie. There is also a weak suggestion of an excess of steep 
spectrum sources, but this may be due, in part, to the systematic difference in 
spectral index estimates. 
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Fig. 1. Histograms of spectral index lX~ggo for sources selected at 408 MHz with 
S408 ~ 1·0 Jy, showing (a) the present data in the region 1 b 1 :s;; 1 0·5, (b) the present 
data in the region 1°·5 < Ibl :s;; 3°, and (c) Bologna survey data for high galactic 
latitudes. The solid areas of the histograms refer to sources with only a limit to IX (as 
indicated by an arrow). 

(c) Galactic Source Excess 

The major class of galactic sources expected to be detectable is HI! regions. 
Sources with apparently thermal spectra are unlikely to be planetary nebulae since 
radio measurements to date (e.g. Milne and Aller 1975) suggest that in order for 
S40S to be > 1 Jy the nebula would need to be closer than 1 kpc and have an angular 
diameter ~ I' arc; optical counterparts would probably then be easily detected, 
relatively unaffected by obscuration. 

Many of the flat spectrum sources in Table 2 are clearly HI! regions, as shown 
by their optical identification or by the presence of H 1090: recombination line emission. 
Additional optical data are required for sources south of the Palomar Sky Survey 
limits, although obscuration will no doubt prevent optical identification in many 
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cases; recombination line data would be especially valuable for sources in such 
obscured fields. An unusual source with a flat spectrum is G21·5-0·9. For this 
source Slee and Higgins (1975) report a flux density at 80 MHz of 8 Jy, and further­
more Becker and Kundu (1974) report 20 % polarization at 8·1 GHz. Both results 
indicate that it is nonthermal (contrary to Caswell and Clark's (1975) suggestion that 
it might be an HII region) and may even be a flat spectrum galactic supernova rem­
nant. Caswell et al. (1975) show that the source is indeed galactic but their distance 
does not support its classification as a typical supernova remnant since it would 
be unusually subluminous for its linear diameter. Additional enigmatic sources of 
this type would be of great interest and it is possible that some are present in Table 2. 

The time-averaged intensities of three known pulsars in the region are large 
enough for the sources to be contained in the Clark and Crawford (1974) list. 
Two of these, G 263·55-2·78 and G 1 ·53-0·95, have S408 > 1 Jy and are thus in 
our list also; like most pulsars, they have O!~g~o steeper than - 1 . 1. It seems likely 
that several as yet undiscovered pulsars are also present in our list: they may even 
be present in sufficient numbers to cause the slight apparent excess of steep spectrum 
sources. Since any additional pulsars of such high intensity would be very 
valuable for further detailed study, it would seem well worth while to search for 
pulses from all the sources in Table 1 with O! steeper than - 1 . 1 and especially from 
those which have not been positively detected at 5000 MHz. The pulse-search tech­
nique should be sensitive to short periods and possible large dispersion. and scattering 
effects. 

One source in Table 1, G 349 ·7 + 0·2, is believed to be a supernova remnant 
(SNR), and another source, G 307 ·1 + 1 ·2, is a somewhat more doubtful possible 
SNR (Milne 1970). The spectra of SNRs typically are not so different from those of 
extragalactic sources as to give rise to a detectable excess on the spectral index 
histograms, but it is possible that a few as yet unidentified young small-diameter 
SNRs could be present in the catalogue. 

It is not clear whether any 'radio stars' are likely to be present in the source list, 
since such objects are at present too small a class to have well-documented 'typical' 
radio spectra; it is possible only to await other observations (e.g. of X-ray or unusual 
optical objects) and use the current list as a useful preliminary check for coincidences. 
A recently proposed identification for Circinus X-I (Clark et al. 1975) has S408 only 
just below the intensity limit of the present list and has an interestingly flat 
spectrum. However, any variability over the time interval between 408 and 5000 MHz 
measurements could invalidate the spectrum determination. 

4. Conclusions 

The flat spectrum sources of Table 2 are believed to be largely galactic: 
principally HII regions which are quite compact and isolated and thus of considerable 
interest. From certain steep spectrum sources, a search for pulsed emission seems 
warranted, since the value of additional intense pulsars would make even a low success 
rate well worth while. For those sources whose interpolated spectra suggest that they 
are quite intense at 1420 MHz, interferometric HI absorption measurements would 
be of value in determining whether these sources are galactic or extragalactic; such 
measurements on small-diameter sources at such low galactic latitudes would also 
yield valuable information on the cloud structure of the interstellar medium. 
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