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USING SPINNING DUST EMISSION TO CONSTRAIN
THE ABUNDANCE OF VERY SMALL DUST GRAINS

IN DENSE CORES

C.T. Tibbs1, R. Paladini2, K. Cleary2, S. Muchovej2, A. Scaife3,
M. Stevenson2, R. Laureijs1, N. Ysard4, K. Grainge3, Y. Perrott5,

C. Rumsey5 and J. Villadsen2

Abstract. We present the first analysis of using spinning dust emission
as a method to characterise the properties of very small interstellar
dust grains in dense cores.

1 Introduction

Within many molecular clouds in our Galaxy there are cold dense structures known
as pre-stellar cores. These cores represent one of the earliest phases of star for-
mation and they also play a vital role in the life cycle of dust in the interstellar
medium, making them an ideal location in which to study dust grain evolution.
To date, all of the studies to constrain dust grain properties have come from ob-
servations at ultraviolet, optical, and infrared wavelengths, but the goal of this
work is to characterise the properties of interstellar dust grains using observa-
tions at cm wavelengths from spinning dust emission. Spinning dust emission,
produced by electric dipole radiation from very small spinning dust grains (Draine
& Lazarian 1998), has been observed at cm wavelengths in a range of Galactic
environments (e.g., Tibbs et al. 2010, 2012). Recent modelling by Ysard et al.
(2011) shows that if very small dust grains are present in dense cores, they will
produce spinning dust emission, and therefore spinning dust emission can be used
to determine the presence, and abundance, of very small dust grains in dense cores.
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4 Université Paris-Sud, 91405 Orsay Cedex, France
5 University of Cambridge, Cambridge, CB3 0HE, UK

c© EAS, EDP Sciences 2016
DOI: 10.1051/eas/1575043

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Caltech Authors - Main

https://core.ac.uk/display/216243154?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1051/eas/1575043


212 Conditions and Impact of Star Formation

1 10 100 1000
a (nm)

0.1

1.0

10.0

100.0

10
29

 a
4  n

H-1
 d

n c
ar

b/d
a 

(c
m

3 )

RV = 5.5
bC = 0×10-5

bC = 1×10-5

bC = 2×10-5

bC = 3×10-5

1 10 100 1000 10000
Frequency (GHz)

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ux

 D
en

si
ty

 (J
y)

ECC225 - Core 1
bC = 0×10-5

bC = 1×10-5

bC = 2×10-5

bC = 3×10-5

Fig. 1. Left : dust grain size distributions (Tibbs et al. 2015). Right : SED of one of

our cores (Tibbs et al. 2016). The spinning dust curves are produced using spdust for

four different very small dust grain abundances (bC), while the 1 cm data point (solid

triangle) is the 5σ upper limit estimated from the CARMA data. Also plotted are the

flux densities of the Herschel data (diamonds) at 160, 250, 350, and 500µm.

2 Constraining the abundance of very small dust grains

Tibbs et al. (2015) observed a sample of dense cores at a wavelength of 1 cm using
the CARMA interferometer to search for spinning dust emission. Additionally,
they used Herschel observations to estimate the mean density and radiation field
for each core. With these physical properties of the cores, we use a spinning dust
model (spdust; Silsbee et al. 2011) to estimate the expected level of spinning
dust emission for four dust grain size distributions. By comparing the predicted
levels of spinning dust emission to the observed CARMA measurements, we can
constrain the abundance of very small dust grains, bC. In Figure 1 we plot the
dust grain size distributions and the SED for one of our cores, illustrating how
spinning dust emission can constrain the abundance of very small dust grains in
dense cores.

3 Conclusion

This work represents the first attempt at using spinning dust emission to char-
acterise the properties of interstellar dust grains, and we illustrate this by using
spinning dust to constrain the abundance of very small dust grains in dense cores.
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