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SCUBA/JCMT 850µm
(Johnstone & Bally, 1998) VLA NH3  (1-1)

(Wiseman & Ho, 1998)



Submillimeter Array observations

8 antennas (6m)
230 GHz

compact configuration: ~ 3” resolution



16 compact sources
4 outflows

SCUBA 850µm cont.
(grey contours)

SMA 1.3mm cont.
(grey scale image)

SMA CO (2-1)
(red & blue contours)



Jeans = 31”

T=17K
n=1.9x105 cm-3

Thermal 
fragmentation?

30”



ID Flux (mJy) R (AU) M (Msun) density (107 cm-3)

1 182 626 0,9 13,7
2 160 987 0,8 3,1
3 173 715 0,9 8,7

4 367 763 1,9 15,3

5 220 480 1,1 36,7

6 249 624 1,3 18,9

7 200 767 1,0 8,2

8 180 587 0,9 16,4

9 191 698 1,0 10,4

10 330 534 1,7 40,0
11 335 704 1,7 17,7

12 197 621 1,0 15,2

13 544 709 2,8 28,2

14 252 619 1,3 19,6

15 347 682 1,8 20,2

16 353 682 1,8 20,5

Source properties



Nature of the compact sources

• no infrared counterparts were found

• densities and sizes are consistent with those of disks 
and inner part of envelopes

Likely Class 0 (or early Class I) sources.

still tracing the fragmentation process



Mass gradient of the sources

~ 0.4 Msun per arcmin



mass gradient coincides with 
the velocity gradient along 

the filament 

what are the theoretical  
predictions...?
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Fig. 1.—False-color image of the “Spokes” cluster constructed from MIPS
24 mm (red), IRAC 8.0 mm (green), and IRAC 3.6 mm (blue) data. The image
shows unusual linear spatial alignments of the brightest 24 mm sources. The
central, saturated source is IRAS 06382!0930 (IRAS 12).

Fig. 2.—Comparison of the spatial locations of 24 mm MIPS sources with
dust emission at 850 mm (SCUBA data courtesy of G. Wolf-Chase et al.). The
gray scale and contours represent the submillimeter dust emission (contours
range from 0 to 2 in steps of 0.1 Jy beam"1), while the five-pointed stars mark
the positions of sources detected at 24 mm with MIPS. The two squares mark
the positions of the two brightest 24 mm sources (!2 mag). The sizes of the
stars and squares are proportional to the magnitudes of the sources (ranging
from 2.0 to 6.0 mag for the stars). The beam size for the 850 mm data is
indicated at lower right.

SRCOR,5 where we used a matching radius of 2 pixels. The
saturated sources had their magnitudes replaced by those ob-
tained with the short-exposure observations (0.4 s).
The MIPS (Rieke et al. 2004) observations were conducted

on 2004 March 16 using the scan-map mode. Fourteen scan
legs of 0!.75 length with 160! offsets were taken at medium
speed. Total integration times of 80 s per point and 40 s per
point were obtained in the 24 mm band and 70 mm band, re-
spectively. We also obtained sparse coverage in the 160 mm
band, but most of those data were saturated as a result of the
extremely high backgrounds from the molecular cloud. The full
map was centered at 6h40m55s, !9!37"08! (J2000) with a po-
sition angle of 179!. These observations were processed with
the MIPS Data Analysis Tool (Gordon et al. 2005), which
produces calibrated mosaics of the mapped regions. Processing
of the resultant image products to obtain photometry was done
with DAOPHOT and IDL routines. We used a zero point of
7.3 Jy for the 24 mm magnitude scale.

3. RESULTS AND ANALYSIS

Figure 1 shows a color composite image of the region in
NGC 2264 surrounding IRAS 12, which is the bright saturated
source. The more extended nebulosity (green) in the image
corresponds to polycyclic aromatic hydrocarbon emission from
the molecular cloud at 7.6–8 mm and detected in the IRAC
8 mm band.
The brightest 24 mm sources (red) form several linear struc-

tures that are not clearly evident in the shorter wavelength data.
The linear arrangements of the brightest 24 mm sources appear
as arms extending from the brightest source, IRAS 12, resem-
bling the spokes of a wheel. We therefore refer to this region
as the “Spokes” cluster. We performed two simple statistical
tests to ascertain whether the linear spatial alignments of
sources could have occurred by chance. The first test consisted
of examining 10,000 synthetic fields, with randomly generated
distributions of objects. Each field has the same number of
objects as the bright 24mm sources in the Spokes cluster. These
fields were searched for linear alignments that consist of five
or more stars within a cone with an opening angle of less than
10! and a length less than 3". The second test consisted of
radially binning the bright 24 mm sources, using IRAS 12 as
the center, and comparing the average bin density with a Pois-
sonian distribution. Both tests yield a probability of 0.01%–

5 From the IDL Astronomy User’s Library (http://idlastro.gsfc.nasa.gov/
homepage.html), adapted from software for the Ultraviolet Imaging Telescope.

0.02% of finding an alignment of stars like that observed in
the Spokes cluster.
To analyze the nature of the sources in the Spokes cluster,

we constructed spectral energy distributions for all the sources
in the selected field using Spitzer data. We determined the
spectral indices, aIRAC, of those sources detected in all four
IRAC bands (3.6, 4.5, 5.8, and 8 mm) by performing a linear
fit to the IRAC flux points in a log l versus log lFl dia-
gram, for each source. Identifying Class I objects as sources
with aIRAC 1 0 (Lada 1987), we estimate the total fraction of
Class I 24 mm sources in the entire field to be 33%.
To better comprehend the spatial alignment of these proto-

stars, we examined submillimeter observations by Wolf-Chase
et al. (2003) that trace dust emission from dense molecular gas.
Figure 2 shows 850 mm emission detected in the region (Wolf-
Chase et al. 2003). The stars mark the positions of the bright
24 mm sources, and the symbol sizes are proportional to the
magnitudes of the sources. It is remarkable how well the bright
24 mm sources are aligned with the dusty filaments. The same
result is obtained when using 450 mm data, also from Wolf-
Chase et al. (2003). The comparison with the submillimeter
data shows that the linear alignments have drawn our eye to
filaments of the interstellar medium that appear to be breaking
up and forming stars in a very regular pattern.
We compare the distribution of aIRAC for sources within the

dusty filaments and for sources in the surrounding region, using
the 850 mm 0.4 Jy beam"1 contour in Figure 2 as the boundary
separating these two regions. Figure 3 shows a histogram of
the spectral indices determined for both the 24 mm sources
within (solid line) and outside (dotted line) this contour. The
diagram in Figure 3 shows that there is a higher concentration
of Class I sources within the dusty filaments, as seen by com-
paring the median values of aIRAC for both distributions: 0.1
for sources inside the filaments and "1.1 for the remaining
surrounding sources. The fraction of Class I 24 mm sources
within the dusty filaments is 59%, whereas for outside the
filaments it is 23%.

Filaments are common in star forming clusters...

Ophiucus Corona Australis Spokes in NGC2264



Model 
proposed by Phil Myers

predicts that core 
masses decrease 

outwards

reproduces the IMF



Summary
• identified 16 protostars and 4 outflows

• spacing consistent with thermal fragmentation

• measured protostellar mass gradient that is consistent 
with velocity gradient along the filament

• need ALMA to fully understand the process of 
collapse and fragmentation of filamentary clouds!

 



With ALMA...
...  the high angular resolution will allow us to:

• probe if these sources are multiple
- to study fragmentation of low mass cores

• identify what sources are driving the outflows
• spatially resolve the disk from the envelope

... the high spectral resolution will allow us to:
• measure the velocity dispersion of the sources
• accurately measure infall and accretion rates

- test theoretical models for star formation within 
filamentary clouds.


