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ABSTRACT

We present observations performed with the Green Bank Telescope at 1.4 and 5 GHz of three strips coincident with
the anomalous microwave emission features previously identified in the Perseus molecular cloud at 33 GHz with
the Very Small Array. With these observations we determine the level of the low frequency (∼1–5 GHz) emission.
We do not detect any significant extended emission in these regions and we compute conservative 3σ upper limits
on the fraction of free–free emission at 33 GHz of 27%, 12%, and 18% for the three strips, indicating that the level
of the emission at 1.4 and 5 GHz cannot account for the emission observed at 33 GHz. Additionally, we find that
the low frequency emission is not spatially correlated with the emission observed at 33 GHz. These results indicate
that the emission observed in the Perseus molecular cloud at 33 GHz, is indeed in excess over the low frequency
emission, hence confirming its anomalous nature.
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1. INTRODUCTION

In recent years, anomalous microwave emission (AME)
has been established as a new Galactic emission mechanism.
Identified as an excess of emission between ∼10–100 GHz,
AME detections require observations at frequencies both above
and below this range to determine the level of the other
Galactic emission mechanisms. At frequencies below 10 GHz,
emission from the interactions between the free electrons and
ions in ionized gas and emission from the acceleration of
relativistic electrons in the Galactic magnetic fields dominate,
while emission above 100 GHz is due to the thermal emission
from big, interstellar dust grains in thermal equilibrium with the
exciting radiation field.

Although AME has been found in numerous Galactic ob-
jects (e.g., Casassus et al. 2008; AMI Consortium: Scaife et al.
2009a, 2009b; Dickinson et al. 2010; Tibbs et al. 2010, 2012;
Planck Collaboration 2011) and in diffuse environments at high
Galactic latitudes (e.g., Ghosh et al. 2012; Peel et al. 2012),
there is still much to learn about this enigmatic emission mech-
anism. AME has been found to be highly spatially correlated
with the dust emitting at infrared (IR) wavelengths, indicating
a direct association with interstellar dust grains, and at present
there are two viable explanations for the AME: (1) electric
dipole emission due to the rotation of small dust grains charac-
terized by an electric dipole moment (Draine & Lazarian 1998;
Ali-Haı̈moud et al. 2009; Hoang et al. 2010, 2011; Ysard &
Verstraete 2010; Silsbee et al. 2011) and (2) magnetic dipole
emission due to fluctuations in the magnetism of dust grains
containing magnetic materials (Draine & Lazarian 1999; Draine
& Hensley 2013). Of these two emission mechanisms, electric
dipole emission from spinning dust grains, commonly referred

to as spinning dust emission, is the explanation currently favored
by observations.

In this work we focus on the Perseus molecular cloud, which
has previously been studied in detail and found to be a source
of AME (Watson et al. 2005; Tibbs et al. 2010, 2013; Planck
Collaboration 2011). AME was first detected in this cloud by
Watson et al. (2005), who combined observations performed
with the COSMOSOMAS Experiment with data from low
frequency radio surveys, WMAP, and DIRBE, to produce a
complete spectrum for the cloud from the radio to the IR on
angular scales of ∼1◦. This spectrum exhibited a clear excess of
emission between ∼10–60 GHz, that was well fitted by spinning
dust models. Follow-up observations of this region performed
at 33 GHz with the Very Small Array (VSA) interferometer
by Tibbs et al. (2010) found excess emission in five features
on angular scales of ∼10′–40′. The authors found that the
total emission observed with the VSA in these five features
accounted for only ∼10% of the emission detected on degree
angular scales by Watson et al. (2005). In their analysis, Tibbs
et al. (2010) used the GB6 all-sky survey at 4.85 GHz (Condon
et al. 1989) to constrain the low frequency emission in the five
features as these were the only suitable observations available.
However, as pointed out in that analysis, the GB6 data have
been filtered to remove emission on angular scales greater than
∼20′. Therefore, the VSA data had to be filtered to match the
range of angular scales to those which the GB6 observations
were sensitive, before the level of the low frequency emission
was determined. Here we present new observations of the five
AME features with the Robert C. Byrd Green Bank Telescope
(GBT) at 1.4 and 5 GHz. These new observations allow us to
directly investigate the level of emission at 1.4 and 5 GHz on
the full range of angular scales observed with the VSA. With
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Table 1
GBT Specification for the L-band and C-band Observations

Parameter L-band C-band

Receiver Gregorian L-band Gregorian C-band
Back end DCR DCR
Observing mode On-The-Fly On-The-Fly
Central frequency 1.4 GHz 5.0 GHz
Bandwidth 650 MHz 2000 MHz
Beam (FWHM) 9′ 2.′5
Scan speed 2 arcmin s−1 1 arcmin s−1

Sampling rate 5 Hz 5 Hz
Theoretical noise ≈0.5 mJy s1/2 ≈0.3 mJy s1/2

rms confusion level ≈20 mJy ≈0.7 mJy

these observations, we investigate the spatial structure of the
low frequency (1.4 and 5 GHz) emission and how it compares
to the five AME features observed with the VSA at 33 GHz.

The layout of this paper is as follows. In Section 2 we
describe the GBT observations and data reduction. In Section 3
we investigate the level of the low frequency emission with
respect to the 33 GHz emission, and in Section 4 we present our
conclusions.

2. GBT OBSERVATIONS

Given the size of the AME emitting region in the Perseus
molecular cloud (∼2◦ × 2◦; Watson et al. 2005), it was not
feasible to observe the entire region with the GBT. Therefore,
we decided to observe three strips (Strip 1, Strip 2, and Strip 3)
across the region. These strips, displayed in Figure 1, were
chosen to coincide with the five AME features (A1, A2, A3,
B, and C) observed with the VSA (Tibbs et al. 2010), while
simultaneously providing enough off-source observations to
allow for accurate baseline fitting. We observed the three strips
with both the GBT L-band (1.4 GHz) and C-band (5 GHz)
receivers during three days in June of 2009 for a total observing
time of 14 hr. Including overheads and calibration observations,
the observing time was split with ∼5 hr for L-band and ∼9 hr
for C-band.

The observations were performed using the Digital Contin-
uum Receiver (DCR) and the scanning was performed in On-
The-Fly mapping mode with a sampling rate of 5 Hz. On-The-
Fly mapping involves slewing the telescope across the sky and
is the standard method for mapping, or in this case, simply
scanning along a single strip, for the GBT. Each of the strips
was observed multiple times to increase the total integration
time and decrease the noise. Full details of the GBT setup and
observations are listed in Tables 1 and 2.

During the observations, a noise diode was repeatedly
switched on and off to inject a known level of noise into the

system. This was used to convert the raw data to antenna tem-
perature, Tant, using

Tant =
〈

Tcal

Pcalon − Pcaloff

〉
× (Pcalon + Pcaloff )

2
K (1)

from Maddalena (2002), where Tcal is the equivalent temperature
of the noise diode in K and Pcalon and Pcaloff are the data observed
with the noise diode being switched on and off, respectively.

The GBT 1.4 and 5 GHz receiver systems both have two linear
polarizations per beam (XX and YY), which we combined to
produce the total power for each band. After converting the data
to antenna temperature and combining the two polarizations,
the data were converted into flux density units. To do this we
used our observations of the calibration source 3C123 that were
interspersed with the target observations. These observations
involved scanning across 3C123 and were also used to optimize
the telescope pointing and focus. We fitted a Gaussian and
baseline offset to the observations of 3C123 to obtain antenna
temperatures of Tant = 82.45 ± 0.14 K and Tant = 31.61 ±
0.22 K at 1.4 and 5 GHz, respectively. Figure 2 displays one of
the scans of 3C123 at both 1.4 and 5 GHz, and the corresponding
fit to the data.

Based on the flux density calibration observations of Ott et al.
(1994), we adopted a flux density of 48.01 and 15.95 Jy for
3C123 at 1.4 and 5 GHz, respectively. Therefore, combining the
measured antenna temperature of 3C123 with the known flux
density, we computed a calibration factor of 0.58 ± 0.01 Jy K−1

at 1.4 GHz and 0.50 ± 0.01 Jy K−1 at 5 GHz. These calibration
factors were then applied to the data to convert from antenna
temperature to flux density.

Total power observations can be severely affected by the
atmospheric opacity. However, at frequencies below 5 GHz,
typical values of the zenith opacity are �0.01 nepers, which
corresponds to an atmospheric attenuation of the order of 1%
for the elevation of our observations (∼50◦–80◦). However,
atmospheric effects are not the only contaminant for total
power observations, radio frequency interference (RFI) and
gain variations need to be mitigated. To overcome issues with
RFI, all the data were visually inspected and any contaminated
data scans were flagged. To help deal with the effects of gain
variations, we produced a power spectrum for each data scan.
We fitted the power spectrum for the knee frequency, νknee,
above which the data are dominated by white noise only, and
the level of the white noise. Since the sampling rate for our GBT
observations was 5 Hz, we flagged all data scans for which
νknee > 5 Hz. Finally, to remove the effects of offsets in the
data, a baseline subtraction was performed. To determine an
accurate baseline level, we binned the data along each scan.
The bin sizes were chosen to be approximately equal to the

Table 2
Summary of the Targeted Strips

Target Central R.A. Central Decl. Position Angle Scan Length Number of Scansa Noise Levelsb

(J2000) (J2000) (◦) (◦) (mJy beam−1)

L-band C-band L-band C-band

Strip 1 03:44:33.2 +32:10:59.5 180.0 0.93 24 (90) 58 (81) 23.9 (0.31) 2.7 (0.044)
Strip 2 03:43:16.7 +31:55:25.6 189.8 0.93 35 (90) 34 (75) 12.5 (0.24) 2.4 (0.057)
Strip 3 03:38:59.3 +31:22:10.6 287.5 1.55 20 (75) 47 (90) 19.5 (0.28) 3.0 (0.033)

Notes.
a Listed are the number of scans used in this analysis along with the total number of scans observed in parentheses.
b Listed are the rms noise levels along with the thermal noise levels in parentheses.
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Figure 1. MIPS 24 μm image (Tibbs et al. 2011) overlaid with the VSA contours and the location of the three strips (Strip 1, Strip 2, and Strip 3) observed with the
GBT illustrating the coverage of the GBT observations with respect to the AME features (A1, A2, A3, B, and C) observed with the VSA. The contours correspond to
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, and 90% of the peak VSA intensity, which is 200 mJy beam−1.

(A color version of this figure is available in the online journal.)

FWHM of the beam, however, we investigated the effects of
varying the bin size, and found that the effect was of the order
of a few percent. Therefore, we conservatively include a 5%
uncertainty in the data to include the uncertainty due to the
baseline fitting. The median value of the data within each bin
was computed, and then the median of all the medians was
calculated. This resulted in a median level of the baseline, and
we then fitted a first-order polynomial to the data within ±3σ
of this median value. We only fitted a first-order polynomial
because a higher order polynomial would potentially remove
the structure in which we are interested, while applying the
±3σ cut ensures that any bright sources do not bias the baseline
level. The resulting fit was then subtracted from the data. All
the data scans for each strip were then combined and the final
data scan for each strip was produced by computing the median
of the scans. To estimate the thermal noise level in the final data
scans, we computed the median of the white noise estimates
obtained from fitting the power spectrum, and divided this by
the square root of the number of times each strip was observed.
For Strips 1, 2, and 3, we estimated a thermal noise level of 0.31,
0.24, and 0.28 mJy beam−1 at L-band, and 0.044, 0.057, and
0.033 mJy beam−1 for C-band. These noise levels are consistent
with the noise levels obtained by fitting to the power spectrum of
the final data scans, confirming that we have been able to reduce
the noise level by observing the strips multiple times. However,
as we will discuss, the thermal noise is not the dominant source
of noise present in the data scans. The final data scans at both
L-band and C-band are displayed in Figure 3 and the final
uncertainties on these scans were estimated by combining, in

quadrature, a 2% uncertainty in the flux density calibration, a 1%
uncertainty due to the atmospheric opacity, and a 5% uncertainty
due to the baseline fitting and subtraction.

In Figure 3 there are two plots for each strip, one at 1.4 GHz
and one at 5 GHz. Looking at these plots it is possible to identify
point sources and some extended structures. To determine
the significance of these point sources and extended structure
we investigated the distribution of the data as shown in the
histograms displayed in Figure 4. These histograms show that
for all of the scans, the peak of the distribution appears to occur
around a flux of 0 Jy beam−1. We computed the skewness for
each scan and found that all the scans have a positive skewness,
although only the L-band and C-band observations of Strip 1
have a skewness >1, which is a result of the point sources that are
clearly present in these scans (see Figure 3). The other strips all
have a skewness of <1, and this, combined with the fact that the
distributions peak around 0 Jy beam−1, suggests that these data
scans are dominated by noise. It is known that for continuum
observations with most GBT receivers, gain fluctuations in the
receiver and electronics can considerably degrade the sensitivity,
in some cases by more than an order of magnitude (GBT
Proposers Guide July 20127). Therefore, to obtain an estimate of
the noise, we computed the rms for each data scan. For Strips 1,
2, and 3 we computed an rms of 23.9, 12.5, and 19.5 mJy beam−1

for L-band and 2.7, 2.4, and 3.0 mJy beam−1 for C-band. Note
that for Strip 1 we excluded the data corresponding to the point
sources from the rms calculation. It is clear that these noise

7 https://science.nrao.edu/facilities/gbt/proposing/GBTpg.pdf
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Figure 2. Scans of the calibration source 3C123 at L-band (top) and C-band
(bottom). The data (open diamonds) were fitted with a Gaussian and baseline
offset (solid line). The observations of 3C123 were used to calibrate the data and
convert from an antenna temperature scale to a flux density scale (see Section 2
for details).

values are much larger than the thermal noise estimates (see
Table 2) and hence the data scans are not dominated by thermal
noise. By comparing the distribution of the data to the 3σ
limit displayed in Figure 4 it is evident that for Strip 1 there
is significant signal present, while for Strips 2 and 3 the data are
consistent with noise and some non-significant emission. The
3σ limit for each scan is also displayed as a dashed horizontal
line in Figure 3.

In Strip 1, we can see that there is a bright point source at a
declination of ≈32.◦2 that is visible at both L-band and C-band,
and there is a less bright point source at a declination of
≈31.◦75 that is only visible in C-band. Both of these point
sources are detected at greater than 3σ . In Strip 2 there is some
extended structure present but this is very low-level emission
with no emission detected at greater than 3σ . As in Strip 2,
in Strip 3 there is some low-level, non-significant extended
structure. There is also a possible hint of a point source at
declination ≈31.◦48, however, like the extended structure, this
is not a significant detection. Based on a search of the NASA
Extragalactic Database8 (NED), we believe that the brighter
point source in Strip 1 is NVSS J034433+321255, the weaker
point source in Strip 1 is NVSS J034439+314523, and the hint
of a point source in Strip 3 is NVSS J033727+312808.

8 http://ned.ipac.caltech.edu

Table 3
Flux Densities from the Literature for NVSS J034433+321255

Frequency Sν Reference
(GHz) (mJy)

0.074 3020 ± 360 Cohen et al. (2007)
0.365 706 ± 43.0 Douglas et al. (1996)
0.408 640 ± 50.0 Colla et al. (1970)
0.750 440 ± 210 Pauliny-Toth et al. (1966)
1.4 224.5 ± 7.9 Condon et al. (1998)
4.85 53.0 ± 8.0 Becker et al. (1991)
4.85 54.0 ± 8.0 Gregory & Condon (1991)

Although we are interested in the extended emission and
how it compares to the 33 GHz emission (see Section 3), the
significant detection of point sources in Strip 1 allows us to
check the calibration levels. Therefore, for both point sources
in Strip 1, we simultaneously fitted a Gaussian and baseline
offset to the data. For NVSS J034439+314523, we obtained
a flux density of 20.17 ± 1.11 mJy in C-band, although this
flux density may be slightly affected by the fact that the source
appears at the very edge of the scan. This source is not seen in
the L-band data and this is likely due to a lack of sensitivity. For
NVSS J034433+321255 we observed a flux density of 194.86 ±
10.68 mJy at 1.4 GHz and 59.65 ± 3.29 mJy at 5 GHz. Based on
data obtained from NED, which spanned a frequency range from
74 MHz to 4.85 GHz (see Table 3), we produced a spectrum for
NVSS J034433+321255, which is displayed in Figure 5. We
fitted the data from the literature with a power-law of the form
Sν ∝ να and found a spectral index of α = −0.93 ± 0.01. This
fit results in an expected flux density of 210.46 ± 18.02 mJy
at 1.4 GHz and 64.61 ± 5.87 mJy at 5 GHz, and these values
are consistent with the flux densities measured from the GBT
observations. In Figure 5, the GBT data at 1.4 and 5 GHz are
overplotted on the spectrum and are consistent with the fit to
the data from the literature. The consistency between the GBT
observations and the values from the literature confirms the
accuracy of the GBT data.

3. COMPARING THE GBT OBSERVATIONS
WITH THE VSA OBSERVATIONS

Now that we have processed the GBT data and have a measure
of the 1.4 and 5 GHz emission in each of the three strips
(Figure 3), we wish to compare the level of this low frequency
emission with the emission observed at 33 GHz. The 33 GHz
emission was observed with the VSA at an angular resolution
of ∼7′, with a total of 11 individual pointings to cover the
entire cloud. A map for each of the pointings was produced
using the standard aips routines to perform both the CLEANing
and deconvolution. The final map was produced by creating a
mosaic of the individual maps, and is sensitive to angular scales
of ∼10′–40′ (for further details see Tibbs et al. 2010).

To compare interferometric data and single dish data, the
single dish data are usually resampled with the sampling dis-
tribution of the interferometer to account for the incomplete
sampling in the u,v plane. However, since we only have one-
dimensional GBT scans, this method is not feasible as the result
would be completely contaminated by edge effects due to the
Fourier transform. Nonetheless, it is still possible to perform a
comparison between the GBT and VSA data. Since we fitted a
first-order polynomial baseline to the GBT scans, the observa-
tions are not sensitive to angular scales greater than the length
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Figure 3. The final GBT L-band (left) and C-band (right) scans for Strips 1 (top), 2 (middle), and 3 (bottom). Also plotted is the 3σ upper limit (dashed line) of the data
for each scan. These scans show that we do not detect any significant extended emission. It is also possible to identify the two point sources, NVSS J034433+321255
and NVSS J034439+314523, in Strip 1.

(A color version of this figure is available in the online journal.)

of the strip. As listed in Table 2, the length of these strips is
∼55′–90′ and this means that the GBT observations cover the
range of angular scales to which the VSA is sensitive. There-
fore, comparing the GBT data with the VSA data allows us to
determine the extent of the correlation between the emission at
1.4 and 5 GHz and 33 GHz.

To perform the comparison between the VSA data and the
GBT data, we convolved both the C-band GBT scans and the
VSA map (Tibbs et al. 2010) to 9′ to match the angular resolution
of the GBT L-band observations. We then extracted the flux
from the convolved VSA map along the three strips observed
with the GBT. These data scans were then compared with the
GBT data scans, and the results are displayed in Figure 6.
These plots show the 33 GHz emission observed along the three
strips with the VSA, overplotted with both the L-band and C-
band data at 1.4 and 5 GHz, respectively. From Figure 6 it is
apparent that the emission at 33 GHz dominates the emission at
1.4 and 5 GHz for Strips 2 and 3. In Strip 1, the point source
NVSS J034433+321255 at 1.4 GHz appears to dominate the
VSA emission. However, when the flux density of this source
is scaled to 33 GHz, as shown in the spectrum displayed in
Figure 5, the level of the emission is much less than that
observed by the VSA—the flux density of the point source
at 33 GHz is 11.22 ± 1.11 mJy. There is a possibility that

NVSS J034433+321255 could be a gigahertz peaked source,
with a rising spectrum at frequencies greater than 5 GHz.
However, looking at Figure 6 it is clear that the spatial structure
of the emission at 1.4 and 5 GHz is not similar to the emission
observed at 33 GHz for any of the strips. In Strip 1, the VSA
detects an extended structure while the GBT only detects the
point source NVSS J034433+321255, implying that even if the
point source is a gigahertz peaked source, it is not dominating
the VSA emission. Similarly, in Strips 2 and 3, the low-level
non-significant emission at 1.4 and 5 GHz does not match the
emission observed with the VSA. Therefore, this confirms that
the emission observed with the GBT at 1.4 and 5 GHz is much
weaker than the emission observed at 33 GHz with the VSA. It
should also be noted that the GBT data displayed in Figure 6
have not been scaled to 33 GHz. Assuming a canonical spectral
index for free–free emission of α = −0.12 (e.g., Dickinson
et al. 2003), this implies that the expected level of the GBT
emission at 33 GHz will be lower than the level plotted in
Figure 6. We also note that although the GBT observations
cover the range of angular scales to which the VSA is sensitive,
the emission observed by the VSA on this range of angular
scales is not uniformly sampled due to the incomplete sampling
of the u,v plane. This is not true for the GBT emission, and
therefore the VSA flux displayed in Figure 6 can actually
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Figure 4. Histograms of the final GBT L-band (left) and C-band (right) scans for Strips 1 (top), 2 (middle), and 3 (bottom). Also displayed is the 3σ limit of each
distribution (dashed line) which was computed ignoring the point sources present in Strip 1. By comparing the distributions and the 3σ limit it is possible to see that
for Strip 1 there is signal present, while for Strips 2 and 3 the data are consistent with noise. Also displayed on the plots is the skewness. Only the L-band and C-band
observations of Strip 1 have a skewness >1, which again suggests that the other strips are dominated by noise.

(A color version of this figure is available in the online journal.)

be regarded as a lower limit. Additionally, the comparison
between the convolved C-band data and the data extracted
from the convolved VSA map is not quite accurate because
the convolved C-band data lacks information in the direction
perpendicular to the scan on angular scales greater than its
original angular resolution. Therefore, to try and characterize
this effect, we performed simulations using the GB6 map of the
region (Condon et al. 1989). We extracted data scans from the
GB6 map, convolved them to 9′ and then compared them with
the identical data scan extracted from the convolved GB6 map.
This comparison allows us to determine the effect of convolving
a single scan versus convolving a map, and to perform this
comparison we computed the distribution of the ratio of the two
simulated scans. We found that this effect is strongly dependent
on the position of the selected strip, and based on the location
of the three strips in this analysis, the median effect for Strip 1,
Strip 2, and Strip 3, was found to be a factor of 1.49, 1.09, and
1.36, respectively. Since the angular resolution of the GB6 data
(3.′5) and the C-band data (2.′5) are not identical, this effect may
be slightly stronger. We note that this issue does not apply to the
L-band data.

Therefore, given the fact that we detected no significant
extended structure in the three strips, and to account for the issue
regarding the convolution of the C-band data, we conservatively

Figure 5. Spectrum of NVSS J034433+321255. The data from the literature
(open diamonds) have been fitted with a power-law (dashed line) and the
measurements from the GBT data at 1.4 and 5 GHz are overplotted (filled
squares). The consistency between the expected flux densities computed from
the fit and the measured values from the GBT data confirm the accuracy of the
calibrated data.

decided to use the 3σ upper limits to estimate the fraction of
free–free emission at 33 GHz. For each strip we scaled the 3σ
upper limit to 33 GHz assuming a typical free–free spectral
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Figure 6. Comparison of the GBT scans with the VSA observations for Strips 1
(top), 2 (middle), and 3 (bottom). The VSA emission clearly dominates in both
Strips 2 and 3, while in Strip 1, the point source NVSS J034433+321255 appears
to dominate. However, when this point source is scaled from 1.4 GHz to 33 GHz,
as shown in Figure 5, the flux density is 11.22 ± 1.11 mJy, which is below the
level of the 33 GHz emission. It is also apparent that the spatial structure of the
low frequency emission is not comparable to the emission observed at 33 GHz
for the three strips.

(A color version of this figure is available in the online journal.)

index of −0.12 and compared this to the VSA emission. The
results of this analysis are plotted as histograms in Figure 7.
For each strip, the histogram displays the distribution of the
fraction of free–free emission at 33 GHz based on the L-band and
C-band 3σ upper limits. Since we are interested in constraining
the fraction of free–free emission in the AME features observed
with the VSA at 33 GHz, this analysis was restricted to the

Figure 7. The distribution of the 3σ upper limit of the fraction of free–free
emission (ffree−free) at 33 GHz using the L-band and C-band data for Strips 1
(top), 2 (middle), and 3 (bottom).

(A color version of this figure is available in the online journal.)

regions along each strip in which the 33 GHz emission is greater
than the 3σ upper limits. Regions in which the 33 GHz emission
is less than the 3σ upper limits are regions in which the 3σ
upper limits are an over estimate of the free–free emission. As
an estimate of the fraction of free–free emission at 33 GHz,
we computed the median of the entire distribution (both the
L-band and C-band distributions) for each strip. We find that
the conservative 3σ upper limit on the fraction of free–free
emission at 33 GHz is 27%, 12%, and 18% for Strip 1, Strip 2,
and Strip 3, respectively. We tested the robustness of this result
by integrating the 33 GHz flux along the scan and comparing it
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with the integrated 3σ upper limits scaled to 33 GHz, and found
results consistent with those displayed in Figure 7.

Therefore, from the plots in Figures 6 and 7 we conclude
that the low frequency emission, extrapolated to 33 GHz, is
much fainter than the emission observed at 33 GHz with the
VSA. Even if we ignore the C-band data completely and just
use the L-band data, the 3σ upper limit accounts for only 49%,
24%, and 27% of the emission at 33 GHz for Strip 1, Strip
2, and Strip 3, respectively. This confirms that the emission
observed with the VSA at 33 GHz is in excess over the free–free
emission, and hence is clearly AME. The results of this analysis
are in agreement with the analysis performed by Tibbs et al.
(2010) who found that the free–free emission accounted for
∼20%–25% of the 33 GHz emission. It is also consistent with
the analyses performed on much larger angular scales by Watson
et al. (2005) and the Planck Collaboration (2011), who detected
the presence of an AME component with a free–free emission
fraction of ∼15%–20% at 33 GHz. These works explained this
excess emission as a result of spinning dust emission, which is
also consistent with the results of a recent analysis by Tibbs et al.
(2011), who performed a detailed analysis of the dust properties
in this environment, and concluded that the emission could be
explained in terms of the spinning dust hypothesis.

4. CONCLUSIONS

We have used the GBT to observe three strips at 1.4 and
5 GHz that intersect the five regions of AME in the Perseus
molecular cloud, which were detected with the VSA (Tibbs et al.
2010). The data were processed to remove scans affected by
RFI and gain variations and the remaining scans were baseline
subtracted using a first-order polynomial. The scans were then
stacked and the median scan was computed. The final data scans
were compared with the emission observed in the corresponding
strips of the VSA map at 9′ angular resolution, and we found
that neither the level of the emission, nor the spatial structure of
the emission at 1.4 and 5 GHz, was comparable to the 33 GHz
emission. We computed conservative 3σ upper limits of the
fraction of free–free emission at 33 GHz of 27%, 12%, and
18% for Strip 1, Strip 2, and Strip 3, respectively. Although this
analysis is based solely on one-dimensional scans, the results
are consistent with previous analyses of this region, confirming
the low level of free–free emission and the existence of AME in
the Perseus molecular cloud.
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