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Surveys surveys everywhere...

IRAS 100 µm Gould Belt image courtesy Dave Nutter, Cardiff



Local star formation: 
the Gould Belt surveys

JCMT & APEX Gould Belt Legacy Surveys
 - SCUBA-2 450 & 850 µm maps of nearest SF regions
 - LABOCA on APEX covering southern clouds 
 - HARP CO maps of ~ 1000 detected cores
 - SCUBA-2 polarimetry of ~ 100 detected cores

Images courtesy JCMT Gould Belt Legacy Survey
(http://www.jach.hawaii.edu/JCMT/surveys/gb/)



Local star formation: 
the Gould Belt surveys

Herschel Gould Belt Legacy Survey
 - Guaranteed Time Observation Key Project
 - PACS & SPIRE maps of the nearest SF regions
 - 70 to 500 µm wavelength coverage
 - angular resolution from 6” to 43”



Local star formation: 
the Gould Belt surveys

Spitzer Gould Belt Legacy Survey
 - 	Combining c2d Legacy Project with GT, 
	 investigator observations and new observations.
 - IRAC + MIPS images of the same clouds as JCMT,
   APEX, Herschel...

IC 5416 - 	image credit Spitzer Gould Survey
	 http://www.cfa.harvard.edu/gouldbelt/



Not-so local star formation: 
Galactic plane surveys

Continuum surveys
JCMT Plane Survey (JPS) - 450 + 850 µm to ~ 40 + 4 mJy
SCUBA-2 “All-Sky” Survey (SASSy) - 850 µm to 30 mJy 
APEX Plane Survey (ATLASGAL) - 870 µm to ~ 50 mJy 
Herschel Hi-GAL Survey - 70, 110, 250, 350, 500 µm to 30 mJy 

Plus NIR (UKIDSS, VISTA); MIR (Spitzer GLIMPSE); Hα (IPHAS, VPHAS+); 
radio (CORNISH); methanol masers (MMB); CO (GRS + Cepheus)...



Science drivers for star 
formation surveys

• How does the mass in a molecular cloud get into clumps, 
cores and eventually stars?

• Protostellar lifetimes (Class 0 vs Class I etc)

• Accretion & outflow rates

• Origin of the IMF (cloud fragmentation?)

• Molecular cloud structure & kinematics

For low/intermediate-mass stars:



Science drivers for star 
formation surveys

• What are the earliest phases?

• What is the evolutionary sequence for massive stars?

• Triggered star formation & feedback effects?

For massive stars:

Graphic courtesy Cormac Purcell



Linking clump mass to IMF

A SCUBA survey of Orion 1419

Figure 5. (a) The CMF for the Orion BN region, plotted as a cumulative mass function to allow comparison with fig. 3 of Motte et al. (2001). The Class I YSOs
identified through the IRAC data have been removed from the data. The fits from Motte et al. of N(>m) ∝ m−0.6 and N(>m) ∝ m−1.35 are shown as dotted and
dot–dashed lines, respectively. (b) The same data, plotted as an unbinned cumulative mass function for comparison with fig. 8 of Johnstone et al. (2001). All
submillimetre-detected sources are plotted. The fits from Johnstone et al. of N(>m) ∝ m−0.5 and N(>m) ∝ m−1.5 are shown as dotted and dot–dashed lines,
respectively. The dotted line shows the position of the completeness limit.

Figure 6. The CMF for the Orion AN and Orion BN regions. The average
completeness limit for the two regions is shown as a dashed line. A three-part
stellar IMF, normalized to the peak in N of the CMF, is overlaid as a thin
solid line. The dotted line shows a three-part mass function with the same
slopes as the IMF (see the text for details).

0.2 and 0.4 (Chabrier 2003). We compare the CMF to the IMFs of
these systems because being so young, any causal relation is more
likely to be apparent. The slope of the low-mass side of the CMF is
based on only three data points, and must therefore be considered
a tentative result. However, if it is borne out to be correct by future
observations, then it shows that the CMF continues to mimic the
stellar IMF down to very low masses. We also note that a study of
the nearer, lower-mass cloud ρ-Ophiuchi does not show a turnover
in the CMF, down to their completeness limit of ∼0.1 M$ (Motte
et al. 1998). It is therefore possible that the position of the turnover
in the CMF varies as a function of environment.

6 C O N C L U S I O N S

We have combined all of the wide-field SCUBA data of the Orion
molecular cloud from the JCMT archive, in order to create the deep-
est and most extensive maps of this region to date. We have extracted

the cores from these data, and generated CMFs for each region. We
have estimated the completeness limit of each map, based on the
sensitivity limits of the data and the average size of the low-mass
cores. We find that for two of the regions, Orion A North and Orion
B North, the CMF turns over at a significantly higher mass than the
completeness limit. This marks the discovery of the turnover of the
CMF. We compare the CMF to a canonical stellar IMF, and find that
the turnover in the CMF occurs at a much higher mass than in the
IMF. We find that the CMF is best fit by power laws with exponents
of 0.35 between 0.3 and 1.3 M$ and −1.2 above 2.4 M$. The CMF
is consistent with the power-law slopes of the stellar IMF down to
the completeness limit of the data.
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toclusters is dominated by one central mas-
sive source and is surrounded by a cluster of
less massive sources. This provides evidence
for the fragmentation of a high-mass proto-
cluster down to scales of 2000 AU at the
earliest evolutionary stages.

In addition to a morphological interpreta-
tion, the data allow a quantitative analysis of

the mass distribution. Assuming that the mil-
limeter continuum is produced by optically
thin thermal dust emission, one can calculate
the masses and the column densities of the
subsources following the method outlined in
(13). The evolving protocluster is in a very
early evolutionary state, and only the stron-
gest source in the south exhibits weak (1-
mJy) centimeter emission indicative of a re-
cently ignited star (7, 10). This centimeter
emission is unresolved and does not affect the
morphology of the dust emission. There
could be temperature differences between
various clumps as well as temperature gradi-
ents within individual clumps (14). However,
in a massive cluster at the given distance,
with current observational capabilities it is
difficult to obtain individual temperature es-
timates for each subsource, let alone to derive
internal clump temperature gradients. Never-
theless, because of the early evolutionary
stage of the region before forming a signifi-
cant hot core, the dust temperatures through-
out the cluster should not vary too strongly,
and it is plausible to assume the same dust
temperature for all subsources. Based on
IRAS far-infrared observations, we estimate
the average dust temperature to be around 46
K (7); the dust opacity index beta is set to 2
(8). The single-dish data (Fig. 1A) reveal the
overall gas mass: We derive 840 MJ in the
south and 190 MJ in the north. Calculating
the total masses for the southern and northern
cluster from the interferometric data, we get

lower values, because the interferometers fil-
ter out the large-scale emission and trace only
the most compact sources (12). This effect
increases with decreasing wavelength. Thus,
the 3-mm observations (Fig. 1B) still detect
210 MJ in the south and 80 MJ in the north,
whereas at 1.3 mm we only observe the most
compact condensations, with a total mass of
98 MJ in the south and 42 MJ in the north
(Fig. 1, C and D). The data show that massive
protoclusters evolve in a core-halo fashion,
where the massive dense gas clumps from
which the stars are forming are embedded
within a larger-scale halo of more broadly
distributed gas. A fraction of 80 to 90% of the
total gas mass appears to be associated most-
ly with the halo.

More interesting than the total core
masses are the individual masses and col-
umn densities of each subsource. In the
1.3-mm PdBI data, we identify 12 individ-
ual clumps above the 3! level of 9 mJy per
beam in each of the southern and northern
cores. At the assumed temperature of 46 K,
the 3! level corresponds to a clump-mass
sensitivity of "1.7 MJ , and the derived
clump masses range between 1.7 and 25
MJ. The calculated peak column densities
are on the order of 1024 cm#2, correspond-
ing to a visual extinction Av of about 1000.
Such an extinction is too high to be pene-
trated by near-infrared, mid-infrared, or
even hard x-ray emission. Our sample is
sensitivity-limited for individual gas
clumps below 1.7 MJ. We do not believe
that the spatial filtering property of the
interferometric observing technique affects
our results, because the scales of all, even
the most massive clumps (on the order of a
few arc seconds), is far smaller than the
spatial structures filtered out (of sizes
above 20 arc sec). Consequently, only a
large-scale halo common to all sources is
affected by the filtering, whereas the sourc-
es we are interested in are not.

Combining the data from both clusters,
we derive a mass spectrum of the protoclus-
ters $N/$M, with the number of clumps $N
per mass bin $M (Fig. 2). The best fit to the
data results in a mass spectrum $N/$M "
M#a, with a power-law index a % 2.5 and a
mean deviation da % 0.3. A potential uncer-
tainty for the slope of the spectrum is the
assumption of uniform dust temperatures for
all subsources: Whereas higher temperatures
for the more massive clumps would decrease
these derived masses, lower temperatures for
the less massive clumps would increase those
mass estimates. These effects would result in
a somewhat flattened slope. However, as
argued before, we infer from the early
evolutionary state of IRAS 19410&2336
that the dust temperature distribution should
not vary strongly, and we conclude that the
relative accuracy between the derived clump

Fig. 1. Dust continuum images of IRAS 19410&2336. The left image shows 1.2-mm single-dish
data obtained with the IRAM 30-m telescope at low spatial resolution (8). The middle and right
images present the 3-mm and 1.3-mm PdBI data obtained with a spatial resolution nearly an order
of magnitude better. The beams are shown at the bottom left or right of each panel, respectively.
The contouring of (A) starts at 15% of the peak flux, increasing in 5% intervals; (B) is contoured
in 5% intervals of the peak flux between 5 and 25%, and in 10% intervals between 30 and 90%.
The 1.3-mm images in (C) and (D) are contoured at 1! steps between the 3! level of 9 and 27 mJy
per beam, and at 2! steps above that. Dec., declination; R.A., right ascension.

Fig. 2. The mass spectrum of IRAS
19410&2336. The clump-mass bins are
[1.7(3!),4], [4,6], [6,8], [8,10], and [10,25] MJ,
and the axes are in logarithmic units. The error
bars represent the standard deviation of a Pois-
son distribution '($N/$M). The solid line
shows the best fit to the data $N/$M " M#a,
with a % 2.5. The dashed and dotted lines
present the IMFs derived from Salpeter with
a % 2.35 (15) and Scalo with a % 2.7
(17), respectively.

R E P O R T S
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Nutter & Ward-Thompson 2007 Beuther & Schilke 2004

A major goal is to understand the link between clumps and the IMF. 

 - limited by lack of statistics at high & low mass end
 - limited by sensitivity at low mass end
 - limited by angular resolution at very high mass end



JCMT survey parameter space

Confusion 
from source 

blending?

Extragalactic confusion

Solid lines show 850 µm flux vs distance 
for 0.04, 0.08, 0.15 solar mass core

Dashed line is JCMT Gould Belt Survey 
3σ detection limit

There are two major limitations to the 
survey parameter space.

Sensitivity:  beyond ~1.5 kpc low-mass 
 cores blend into extragalactic 
 confusion limit.

Resolution: beyond ~ 1.5 kpc low-mass 
 cores blend with each other. 
 (IRAS 16293 type objects are 
 confused even at 500 pc) 

While Herschel is not sensitivity-limited it 
is very much confusion-limited. 



CCAT’s improved angular resolution & 
sensitivity removes these limitations for a 
large fraction of the Galactic survey 
parameter space.

Working at 350 µm improves mass 
sensitivity by an order of magnitude.

CCAT survey parameter space

So
ur

ce
 

co
nf

us
io

n?

Extragalactic confusion

Solid lines show 350 µm flux vs distance 
for 0.04, 0.08, 0.15 solar mass core

Dashed line is JCMT Gould Belt Survey 
3σ detection limit

Ultra-deep 
(< 0.01 M⊙)
local survey

Deep 
(~0.08 M⊙) 
triggered 
SF survey

Two previously unstudied regimes become 
accessible:

 - Ultra-deep survey of local clouds for 
 0.01 M⊙ objects (free-floating planets?)

 - 	Surveys of nearby HII regions to study 
	 how triggering affects the formation of 
	 solar and sub-solar mass stars
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G29 East
G29.96-0.02 
UCHII/Hot core

The high-mass end
SCUBA 850 µm image from 
the SCAMPS survey 
(Thompson+ 2007, in prep).

JCMT/APEX/Herschel 
Galactic Plane surveys will 
find essentially all massive 
protocluster & cold 
precluster clumps 
(to ~10’s M⊙).

But high angular resolution 
is needed to unravel their 
nature...



!"#$ !%#& !'(")(!%#$ !*#& !*#$ !!#&

%'(&$

!*(%+($$

!$

*$

%$

,-./01234563-76

8
5
4
9-
6
2
0-
7
6

PdBI 1.2 mm continuum contours
Spitzer 4.5 µm colourscale

At high angular resolution the SCUBA 
clump fragments into a chain of 
massive (25-100 M⊙) cores

Early stage in formation of massive 
stellar cluster (protocluster)

Brightest core associated with 
methanol maser (massive YSO)

PdBI resolution 2.1” x 1.5” similar to 
CCAT at 200 µm.

CCAT can uniquely provide high 
resolution FIR data to constrain the 
total luminosity of each core.

G29 East: a massive protocluster?



Summary

• Survey astronomy is back to the fore in star formation & 
a number of surveys are planned or already taking place

✦ JCMT/APEX/Spitzer/Herschel surveys of local star 
formation in the Gould Belt

✦ Galactic plane surveys from near-IR to radio & sub-mm

• CCAT has the potential to take star formation surveys 
into previously unstudied regimes 

✦ Unconfused ultra-deep surveys for very low-mass objects
✦ Wide-area sensitive surveys around distant HII regions 
- triggering of solar and sub-solar mass star formation

✦ 200 µm mapping of massive proto and pre-cluster clumps
✦ Wide-area spectroscopic surveys? ❨GRS in the South❩



BU-FCRAO GRS survey region 
(13CO 1-0, with 22” spacing)

NANTEN Galactic Plane survey region 
(12CO 1-0, with 4’ spacing)

Wide-area spectroscopy in the South

The Dame et al (2001) Galactic 12CO map

FCRAO Outer Galaxy Survey 
(12CO 1-0, with 50” spacing ) 

Chris Brunt’s Cygnus + E-OGS Surveys 
(12 CO + 13CO 1-0, with 22” spacing)


