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We present observations between 14.2 and 17.9 GHz of sixteen Galactic Hii regions made with
the Arcminute Microkelvin Imager (AMI). In conjunction with data from the literature at
lower radio frequencies we investigate the possibility of a spinning dust component in the
spectra of these objects. We conclude that there is no significant evidence for spinning dust
towards these sources and measure an average spectral index of α = 0.15 ± 0.07 (where
S ∝ ν

−α) between 1.4 and 17.9 GHz for the sample.

1 Introduction

Recent observations of Galactic targets (Finkbeiner et al. 2002; 2004; Casassus et al. 2004;2006;
Watson et al. 2005; Scaife et al. 2006; Dickinson et al. 2007) have provided some evidence for the
anomalous microwave emission commonly ascribed to spinning dust (Drain & Lazarian 1998a,b).
This emission was first seen as a large scale phenomenon in CMB observations and represented
a problem as it emits in the frequency range ∼10-60 GHz (Kogut et al. 1996; Leitch et al.
1997; de Oliviera-Costa et al. 2002; 2004) close to the minimum of the combined synchrotron,
Bremsstrahlung and thermal dust emissions at 70 GHz. Indeed the models of Draine & Lazarian
predict a spectrum for spinning dust which is strongly peaked between 20 and 40 GHz. Arising
as a consequence of rapidly rotating small dust grains the emission has been suggested to occur
in a number of distinct astronomical objects and to be highly correlated with thermal dust
emission; this has been supported by some of the pointed observations referred to earlier and by
recent evidence of diffuse emission at medium to high galactic latitudes from correlations made
with WMAP data (Davies et al. 2006).

Previous observations of Hii regions in the microwave region of the spectrum have shown
evidence both for (Watson et al. 2005; Dickinson et al. 2007) and against (Dickinson et al. 2006;
Scaife et al. 2007) the presence of a spinning dust component in the emission of these objects.
Since the behaviour of Hii regions at radio frequencies is relatively well understood they provide
an excellent testing ground for examining this phenomenon. At frequencies below ∼100 GHz Hii

regions are expected to be dominated by free-free emission, or thermal Bremsstrahlung. This
mechanism progresses from the optically thick regime to the optically thin at around 1GHz, and
possesses a characteristically shallow spectrum (α = 0.1; where S ∝ ν−α) at frequencies above
this turn over.



2 The Telescope

The Arcminute Microkelvin Imager (AMI) is located at the Mullard Radio Astronomy Ob-
servatory, Lord’s Bridge, Cambridge, UK. Its Small Array is composed of ten 3.7 m diameter
equatorially mounted dishes with a baseline range of ∼5 to 20 m. The telescope observes in the
band 12–18 GHz with cryostatically cooled NRAO indium-phosphide front-end amplifiers. The
system temperature is typically about 25 K. The astronomical signal is mixed with a 24 GHz
oscillating signal to produce an IF signal of 6–12 GHz. The correlator is an analogue Fourier
transform spectrometer with 16 correlations formed for each baseline at path delays spaced by
25 mm. Both in phase and out of phase correlations are performed. From these, eight channels
of 750 MHz bandwidth are synthesised. The AMI Small Array is sensitive to angular scales of
∼ 1′ to ∼ 15′ and has a primary beam FWHM of ≈ 20′ at 15 GHz.

3 Observations

Observations of sixteen Hii regions were made with the AMI Small Array during the period
May–June 2007. These targets were selected from the VLA survey of optically visible Galactic
Hii regions (Fich 1993) on the basis of flux density, angular diameter and declination. The
sample was divided on the basis of flux at 4.89 GHz. Observations were typically 8 hours long
and used interleaved calibration on bright point sources at hourly intervals for phase calibration.
The sensitivity of AMI is ≈30 mJy s−1/2 giving ≈0.2 mJy after 8 hours observation. Given that
the objects observed here are bright, eight hours is more than sufficient to obtain accurate fluxes;
however the long observations are important to produce good maps, the structure of which is
dependent on the uv-coverage.

4 Imaging and Spectra

Reduced data were imaged using the aips data package. Maps were made from both the com-
bined channel set and from individual channels. The broad spectral coverage of the AMI allows
a representation of the spectrum between 14 and 18 GHz to be made. Errors on the AMI data
points were calculated using a 5 per cent error on the flux and the thermal noise of each individ-
ual observation as calculated from the data. This error of 5 per cent on the flux of each source
is a conservative error on the day-to-day calibration of the telescope which has been found to
be significantly better than 5 per cent. It also includes a contribution for the Gaussian fitting
of the sources although in most cases this fitting was found to be robust to changes in fitting
area, a test which usually reveals cases where the source is poorly fitted. The overall error was

calculated as σ =
√

(σ2
th

+ (0.05Si)2), where σth is the thermal noise calculated outside the pri-
mary beam for that observation and Si is the integrated flux density of the source. The central
frequency of channels 3–8 is 15.8 GHz.

The integrated flux of each source was then used in conjunction with fluxes from the literature
to constrain the radio spectrum of each object. Since the bandwidth of AMI stretches from
14.2 GHz to 17.9 GHz it is possible to constrain the microwave spectrum of each Hii region
independently of other measurements. However, to investigate the spectral behaviour of these
objects through the radio and into the microwave regime we also combine our own fluxes with
those from other catalogues. We include data from the NVSS catalogue at 1.4 GHz and also
from the VLA survey of optically identified Hii regions from which our sample is taken. The
second of these catalogues has measurements at 4.89 GHz, and occasionally 1.42 GHz. These
measurements have been shown to contain a minimal amount of flux loss compared to single
dish observations (Fich 1993); we confirm this by comparing them to the GB6 survey which,
although not a total power measurement, contains information on significantly larger scales



than the 4.89 GHz VLA data, which has an angular resolution of 13 arcsec compared with the
3.4 arcmin resolution of GB6. This comparison provides a robust assessment of the flux loss since
the angular scales measured by AMI lie between the two ranges. The result of this comparison
is that a good correlation can be seen within the errors in all but three cases, see Scaife et al.
(2008).

Since we are using interferometric data we can also fit spectra directly to the visibility
measurements in the Fourier plane, a method which is independent of any subjective cleaning
procedures. Where we have observed isolated objects the results of these fits agree closely with
those found using the data in the map plane, and overall we find there is a good agreement
between the two methods. However the complexity of modelling non-isolated extended sources
in the uv precludes us from performing all our measurements in this manner.

5 Discussion

Hii regions are a reasonable place to look for anomalous emission since their general radio
behaviour is well understood. In the region of the spectrum above approximately 1 GHz they
are dominated by thermal free-free emission with a canonical spectral index of α = 0.1. In
an idealized sense this emission arises from a sphere of ionized gas surrounding a hot star, or
cluster of stars; although the Hii region itself may consist of several compact objects which
are unresolved by the synthesized beam of the AMI. In addition to this, Hii regions are strong
emitters in the IR making them suitable candidates for spinning dust emission, and have dust
temperatures typically in the range 30-50 K. All the objects presented here have temperatures
consistent with this range with the exception of S211 which has a slightly lower dust temperature.

The spectrum of optically thin thermal emission varies slowly with frequency and electron
gas temperature, but in the frequency range used here it can be described well by a single index
of α = 0.1. Indeed from our sample of Hii regions we find an average spectral index between
1.4 and 5 GHz of α = 0.05 ± 0.09, which is consistent with this value. Where possible we have
calculated the electron gas temperature of each Hii region from data available in the literature.
We find that for all those sources where data are available the electron gas temperature of
falls within the expected range. Furthermore we also find that the flux densities measured at
15.8 GHz by the AMI are also consistent with this index.

Within the AMI band the average spectral index tends to be steeper, α = 0.29 ± 0.25, but
is not significantly different from the canonical index of α = 0.1. Overall we find an average
spectral index of α17.6

1.4 = 0.15± 0.07. This confirms the dominance of free–free emission in these
bright Hii regions.

We note that the uncertainties on the spectral indices calculated using AMI data alone
include errors which are correlated between the channels, and that this leads to an overestimation
of the uncertainty in each spectral index. The average difference between the spectral index
calculated within the AMI band and the overall index from 1.4 to 17.9 GHz is 0.19 and this is
perhaps a better representation of the non-systematic error in this quantity. In addition to these
derived quantities we also calculate the excess towards each Hii region at 15.8 GHz. We do this
in two ways: firstly by extrapolating the spectral index calculated from the VLA data, α4.9

1.4;
secondly using the canonical spectral index of α = 0.1. It can be seen that a positive difference
in flux density with respect to that predicted from the extrapolated spectral index is seen only
in four of the fifteen Hii regions tabulated here; but that in each of these instances the excess is
not significant at even the 1 σ level.

Combining the predictions we see that the average excess towards this sample of fifteen Hii

regions is −75 mJy extrapolating the derived spectral index. Using a canonical index of α = 0.1
we see an average excess of −49 mJy. These results would suggest that, not only is there no
evidence for anomalous emission in the spectra of these objects, but also that there is a slight



steepening of the spectral index as we move to higher frequencies (Dickinson et al. 2003).

This result differs to that of Dickinson et al. (2007) who found a slight excess of emis-
sion at 31 GHz for a sample of southern Hii regions. In terms of the physical characteristics
(dust/electron temperature) the two samples are similar. Observationally the measurements of
Dickinson et al. were made for a range of slightly larger angular scales, and although we have
shown flux losses not to be significant, this only relates to the free–free emission and not to
any possible anomalous component. It has been suggested that the anomalous emission is dis-
tributed more diffusely (de Olivera–Costa et al. 2002), and is consequently affected to a larger
degree. However, given the compact nature of these objects this seems unlikely.

All the objects observed here have bright dust associations and we investigated the correla-
tion of the 15.8 GHz flux with that found in each of the 12, 25, 60 and 100 µm bands of IRAS.
We performed a Pearson correlation analysis and find a positive correlation for all four IRAS
bands with the strongest correlation occuring in the 100 µm band (r = 0.88). The correlation
between the AMI 15.8 GHz flux densities and those of the VLA at 1.4 GHz is much stronger (r
= 0.99), suggesting that the emission we see at 15.8 GHz is indeed simply free–free rather than
dust emission. We note, however, that dust emission will depend heavily on the dust conditions
(i.e. temperature, density) within the cloud, and any variance in these conditions would reduce
the degree of correlation.

6 Conclusions

The observations of fifteen bright Hii regions and one planetary nebula reported here show no
evidence for anomalous emission due to spinning dust at six frequencies between 14 and 18 GHz.
This result confirms the dominance of free-free emission in these objects with a spectral index
consistent with the canonical value of 0.1. No significant evidence for spinning dust emission
has been found.
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