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Overview

• observe Perseus AME regions & Planck-
identified region with CARMA 8-element 
array (30 GHz)

• compare to:

• Spitzer high resolution infrared images

• AMI Small Array observations



Spitzer: Perseus

24 micron 



Spitzer: Perseus

Contours: VSA



VSA: Perseus

33 GHz - Resolution: 7’ 



CARMA: Perseus

31 GHz - Resolution: 2.5’ 



CARMA: Perseus



CARMA: Perseus

Primary beam: 8’



CARMA: Perseus



CARMA: Perseus
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CARMAAMI
Small Array 8-Element Array
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Fig. 3. Spectrum of the California nebula (NGC 1499), measured using
the filtered flux method (see text). A simple power-law fit is shown.
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Fig. 4. Spectrum of AME-G160.26−18.62 in the Perseus molecular
cloud. The best-fitting model consisting of free-free (orange dashed
line), spinning dust, and thermal dust (light blue dashed line) is shown.
The two-component spinning dust model consists of high density
molecular gas (magenta dot-dashed line) and low density atomic gas
(green dotted line).

significant in some H  regions (Dickinson et al. 2009; Todorović
et al. 2010). We confirmed the spectral shape with a standard
aperture photometry analysis (as described in Sect. 5) and will
investigate this in more detail in a future publication. Note that
the excess at 30–100 GHz disappears when the spectrum is cal-
culated away from the nearby dust feature to the north-west of
NGC 1499. Given the consistency of the flux densities between
the frequencies, and that we have obtained similar results using
standard aperture photometry, we are confident that the spectrum
calculated using the filtered maps is robust.

The spectrum for AME-G160.26−18.62 in Perseus is shown
in Fig. 4. The flux densities and associated errors are listed
in Table 2. The spectrum is well sampled across the radio,
microwave and FIR regimes and is a significant improvement
on that presented in Watson et al. (2005), with the additional
Planck data allowing a much more accurate spectrum of the
AME to be extracted. The low-frequency (<2 GHz) data show
a flat spectrum consistent with free-free emission while the high

Table 2. Flux densities for AME-G160.26−18.62 in the Perseus molec-
ular cloud and residual fluxes when free-free, CMB and thermal dust
components are removed.

Frequency Flux density Flux density residual
[GHz] [Jy] [Jy]
0.408 9.7 ± 3.3 0.2 ± 3.4
0.82 9.4 ± 4.7 0.5 ± 4.8
1.42 8.0 ± 1.7 −0.5 ± 1.8
10.9 16.1 ± 1.8 9.4 ± 2.0
12.7 20.0 ± 2.2 13.3 ± 2.4
14.7 28.4 ± 3.1 21.8 ± 3.3
16.3 35.8 ± 4.0 29.3 ± 4.2
22.8 39.8 ± 4.2 33.4 ± 4.5
28.5 38.1 ± 4.0 31.5 ± 4.4
33.0 36.7 ± 3.9 29.7 ± 4.4
40.9 30.8 ± 3.3 22.6 ± 4.0
44.1 28.5 ± 3.2 19.6 ± 4.0
61.3 27.4 ± 3.4 10.9 ± 6.4
70.3 32.2 ± 3.9 8.9 ± 9.0
93.8 63.0 ± 7.8 7 ± 21
100 78 ± 15 10 ± 29
143 202 ± 22 −25 ± 80
217 1050 ± 130 120 ± 320
353 3860 ± 470 −600 ± 1400
545 15 300 ± 2100 −800 ± 4900
857 48 700 ± 6100 −1000 ± 14 000
1250 93 000 ± 13 000 −2400 ± 28 000
2143 117 000 ± 15 000 7000 ± 35 000
2997 53 600 ± 6700 −2000 ± 20 000

Notes. The fitted spinning dust model consists of two components.

frequencies (>100 GHz) are dominated by thermal dust emis-
sion. The excess at ≈10–70 GHz is evident and has a peaked
(convex) spectrum, with a maximum at 25 GHz.

The data allow us to fit a multi-component parametric
model to the flux density spectrum. The model consists of
four components: free-free emission; thermal dust emission; a
CMB fluctuation; and spinning dust emission. The sum is

S = S ff + S td + S cmb + S sp. (1)

The free-free flux density, S ff , is calculated from the brightness
temperature, Tff, based on the optical depth, τff , using the stan-
dard formulae:

S ff =
2kTffΩν2

c2 , (2)

where k is the Boltzmann constant, Ω is the solid angle, and ν is
the frequency,

Tff = Te(1 − e−τff ), (3)

and the optical depth, τff , is given by

τff = 3.014 × 10−2T−1.5
e ν−2EMgff , (4)

where Te is the electron temperature (in units of K), EM is the
emission measure (in units of cm−6 pc) and gff is the Gaunt fac-
tor, which is approximated as

gff = ln
(
4.955 × 10−2

ν/GHz

)
+ 1.5 ln(Te). (5)

It is the Gaunt factor that results in a slight steepening of the free-
free spectrum with frequency, which is particularly pronounced
at !100 GHz.
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Spectral Index Maps

• Goal: 15-to-30 GHz spectral index map

• Important factors:

• Flux calibration

• ideally same flux calibrator

• Matching uv coverage

• Missing short spacings



Simulations

• assumed same flux for CARMA & AMI 
(= uniform flat spectral index)

Perseus



uv Coverage



uv Coverage

• Question: what is best way to match uv 
coverage?

• uv-distance restriction

• filter uv points based on distance from 
each other - cutoff distance:

• 1/(mosaic size)?

• 1/(primary beam)?



uv Coverage



uv Coverage

• Question: what is best way to match uv 
coverage?

• uv-distance restriction

• filter uv points based on distance from 
each other - cutoff distance:

• 1/(primary beam)?

• N/(primary beam)?  N ~ 0.5

• 1/(mosaic size)?



uv Filtering



uv Coverage



uv Filtering
Before After



Perseus C:
CARMA and AMI

CARMA: 8,12,16,20 mJy/beam
AMI: 2,4,...,12 mJy/beam



uv Coverage



Perseus:
CARMA and AMI
AMI CARMA

10,12.5,...,35 mJy/beam2,4,...,20 mJy/beam



Free-free & Thermal Dust

• Free-free: planned ATA observations

• Thermal dust: Herschel 500 micron



Future
• More simulations

• More wavelengths - ATA, Herschel

• Zero spacings & short baselines

• Component separation?

• CARMA upgrade - 1 cm receivers on large 
dishes, long baselines - pair with AMI Large 
Array?

• Potential follow up: Planck, AMI SA rising 
spectral index sources


