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GalacHc	Cores	

10,000 molecules or more per cubic
centimeter, or more than 1,000 times
the density of the most rarefied parts of
the cloud. A molecular cloud may have
many such dense cores (each of which
may become a star), but the star-forma-
tion process is not very efficient, as a
100,000-solar-mass cloud never yields
100,000 Sun-sized stars. In fact, the con-
version efficiency of cloud mass to stel-
lar mass probably averages less than
10 percent.

Giant molecular clouds are support-
ed against their weight by thermal
pressure, turbulent gas motions and
magnetic fields within, but at some
point their dense cores become gravita-
tionally unstable and begin to collapse
(Figure 2). The center of the collapsing
core becomes a protostar, which, as the
name suggests, is the first step toward
stardom. The protostar’s life (lasting

about 100,000 years) is defined by the
rapid accumulation of mass from the
surrounding envelope of gas and dust
(Figure 3). It does so at the rate of a few
millionths of a solar mass—equivalent
to one Earth-sized planet—every year.
Coinciding with the onset of accretion
is a steady outflow of material in pow-
erful winds that emanate from the
poles of the young star. These bipolar
jets are telltale signs of a protostellar
system, and it is ironic that protostars
are often detected by the jets that shed
mass from the system, rather than the
process of accretion (Figure 4).

Throughout this period, the proto-
star progressively increases in density
as it shrinks in size. The infalling mate-
rial, which had been rotating relatively
slowly around the dense core, begins to
speed up as the radius of the protostar
decreases. The angular momentum—

which is the product of rotational ve-
locity and radius—of the core material
remains constant, so material rotates
faster as it gets closer to the protostar.
Slowly moving material falls directly
onto the protostar, but some of the gas
and dust is moving so quickly that it
travels in an orbit instead. Since all of
the material in the envelope surround-
ing the protostar rotates in the same di-
rection, the matter falls into orbits of
various sizes depending on its velocity,
and so forms a circumstellar disk. Most
matter eventually flows onto the proto-
star through the disk, but some of it re-
mains in orbit. As the surrounding en-
velope of dust disperses, the accretion
process stops, and the central globe of
gas is no longer considered to be a pro-
tostar; it is now a pre-main-sequence (or
PMS) star. (Protostars and PMS stars
are often grouped under the term young
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Figure 2. Early development of a young, Sun-like star can be described in a series of stages that span more than 50 million years. Star for-
mation begins inside dark interstellar clouds containing high-density regions (a) that become gravitationally unstable and collapse under
their own weight (b). The collapsing core forms a protostar (c), a phase of stellar evolution defined by the rapid accumulation of mass
from a circumstellar disk and a surrounding envelope of gas and dust. As the dusty envelope dissipates, the object becomes visible at
optical wavelengths for the first time as a T Tauri star (d). These objects can often be recognized in telescopic images by the presence of a
protoplanetary disk (see Figure 5). After a few million years the dusty disk dissipates, leaving a bare pre-main-sequence star at its center
(e). In some instances, a debris disk with newly formed planets may continue to orbit the star. The star continues its gravitational collapse
to the point where its core temperature becomes hot enough for nuclear fusion, and the object becomes a main-sequence star (f). (AU =
astronomical unit, the average distance between the Sun and the Earth.)

[Greene,	American	ScienHst,	2001]	

Why	Study	GalacHc	Cores?	
o  First	search	for	spinning	dust	

emission	in	dense	cores.	

o  Constrain	the	abundance	of	
small	dust	grains	in	dense	
cores.	

What	are	GalacHc	Cores?		
o  Cores	are	dense	environments	(≈103	–	105	cm-3)	–	the	precursors	of	individual	or	

mulHple	stars.			
o  Cores	represent	the	earliest	phases	of	star	formaHon.	
o  Cores	are	an	integral	part	of	the	life	cycle	of	dust	–	it’s	important	to	understand	

how	the	dust	is	processed	from	the	diffuse	to	dense	environments.	
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Spinning	Dust	in	GalacHc	Cores?	

RadiaHve	transfer	modelling	of	spherical	clouds	

o  Mid-IR	emission	concentrated	around	the	outer	
edge	

o  Spinning	dust	emission	concentrated	in	the	center	

⇒ Spinning	dust	allows	us	to	determine	the	presence,	
and	abundance,	of	small	grains	in	dense	cores.	

Searching	for	spinning	dust	in	cores	can	allow	us	to	
constrain	the	evoluHon	of	small	dust	grains	

1cm	emission	

12μm	emission	

[Ysard	et	al.,	2011]	
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Observing	GalacHc	Cores	
o  Cores	 are	 much	 colder	 than	 the	 diffuse	 ISM	 (Tdust	 ≈	 Tgas	 ≈	 10K)	 =>	 they	 emit	

thermally	at	long	wavelengths	i.e.	far-IR	and	sub-mm.	
o  This	makes	the	combinaHon	of	Planck	and	Herschel	ideal	for	observing	cores.	

o  Planck	has	all-sky	coverage	at	sub-mm	wavelengths	with	sufficient	sensiHvity	to	
detect	these	cold,	dense	environments.	

o  Herschel	does	not	have	the	sky	coverage	or	wavelength	coverage	of	Planck,	but	
does	have	the	advantage	of	improved	angular	resoluHon.	

o  We	observed	a	sample	of	15	clumps	from	the	Planck	catalogue	(corresponding	to	
34	 cores	 when	 we	 looked	 at	 the	 Herschel	 observaHons)	 using	 the	 CARMA	
interferometer	at	1cm.	
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CARMA	ObservaHons	

[Tibbs	et	al.,	2015]	
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Each	Planck	clump	was	observed	for	8	hours,	
and	data	 reducHon	was	performed	using	 the	
data	 pipeline	 developed	 by	 Muchovej	 et	 al.	
(2007).	 The	 CARMA	 data	 were	 split	 into	 2	
based	 on	 the	 (u,v)	 coverage,	 with	 each	
dataset	being	imaged	separately.			

Long	Baselines	 Short	Baselines	

2.0	–	8.0	kλ	 0.3	–	2.0	kλ	

≈0.3	–	2	arcmin	 ≈2	–	12	arcmin	
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Characterising	our	GalacHc	Cores	-	ECC224	

Use	parameters	
as	input	for	the	
spinning	dust	

model	

Spinning	Dust	Parameters	

nH	(H/cm3)	 Hydrogen	number	density	 EsHmated	from	NH	
[This	analysis]	

G0	 RadiaHon	field	 EsHmated	from	Td	
[This	analysis]	

Tgas	(K)	 Gas	temperature	 EsHmated	from	CO	
[Wu	et	al.,	2012]	

μ	(Debye)	 Dipole	moment	 9.3	

xH	=	nH+/nH	 Hydrogen	ionizaHon	fracHon	 0	

XC	=	nC+/nH	 Carbon	ionizaHon	fracHon	 10-6	

Y	=	2nH2/nH	 Molecular	hydrogen	fracHon	 0.999	

Spinning	Dust	Emission	

Using	these	input	parameters	we	run	the	
spinning	dust	model	SPDUST	[Ali-Haimoud	et	al.,	

2009]	to	produce	the	predicted	spinning	dust	
curve.	
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[Tibbs	et	al.,	2015]	
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Use	WISE	point	source	catalogue	and	
colour-colour	criteria	developed	by	
Koenig	et	al	(2012)		to	idenHfy	candidate	
young	stellar	objects	(YSOs)	in	each	of	
our	CARMA	observaHons.		

6	of	our	34	cores	appear	to	be	associated	with	at	least	
1	YSO	candidate,	but	only	3	cores	detected	at	1cm		
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Constraining	Dust	Grain	EvoluHon	Using	
Spinning	Dust	

Produce	spinning	
dust	curve	for	a	
range	of	different	
dust	grain	size	
distribuHons	

Dust	grain	size	distribuHon	based	on	
observaHons	of	the	Milky	Way	

[Weingartner	&	Draine,	2001]	

For	each	core	we	produce	the	
esHmated	spinning	dust	curve	for	a	

range	of	values	of	bC	
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[Tibbs	et	al.,	2016]	
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We	are	able	to	place	a	constraint	on	the	abundance	of	the	small	grains.	
In	the	diffuse	ISM	bC	=	6x10-5,	we	find	bC	≤	1x10-5		

⇒ Deficit	of	small	dust	grains	

[Tibbs	et	al.,	2016]	
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Constraining	Dust	Grain	EvoluHon	Using	
Spinning	Dust	–	ECC224	

We	are	able	to	place	a	constraint	on	the	abundance	of	the	small	grains.	
In	the	diffuse	ISM	bC	=	6x10-5,	we	find	bC	≤	1x10-5		

⇒ Deficit	of	small	dust	grains	

LifeHme	of	the	cores	≈	105	–	106	years	
Timescale	for	coagulaHon	≈	103	years	

⇒ Deficit	of	small	dust	grains	likely	due	to	coagulaHon	

[Tibbs	et	al.,	2016]	
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o  Spinning	 dust	 emission	 has	 been	 observed	 in	 a	 wide	 variety	 of	 GalacHc	
environments	and	we	searched	for	it	in	a	new	environment:	dense	GalacHc	cores.	

o  Using	Herschel	far-IR	observaHons	we	esHmated	nH	and	G0	for	all	of	the	cores.	
o  Using	 these	 derived	 properHes	 we	 modelled	 the	 spinning	 dust	 emission	 for	 4	

different	grain	size	distribuHons.	
o  By	comparing	the	predicted	level	of	spinning	dust	to	our	CARMA	observaHons	we	

constrained	the	abundance	of	small	dust	grains.	
o  We	found	a	deficit	of	small	grains	for	our	enHre	sample,	and	it	is	likely	due	to	dust	

grain	coagulaHon.		
o  This	 is	 the	 first	 Hme	 that	 spinning	 dust	 has	 been	 used	 as	 a	 tool	 to	 study	

interstellar	dust	grains.	

Conclusions	

Using	spinning	dust	observaHons	at	1cm	we	have	shown	that	it	is	
possible	to	constrain	the	abundance	of	the	small	interstellar	dust	

grains	in	GalacHc	cores.	


