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Fundamental ingredient for study of star forma/on and galaxy evolu/on 

IMF: Frequency distribu/on of stellar masses at birth 
             Number of stars per unit of (logarithmic) mass: 

ξ (logm) ∝ mΓ   

Scalo (1998): Γ = ‐0.2 ± 0.3  for 0.1 < M < 1 M  
                           = ‐1.7 ± 0.3  for 1 < M < 10 M   

                                          = ‐1.3 ± 0.3  for 10 < M < 100 M  

log[ ξ(logm) ] vs. logm 

M =  0.1         1          10 

or ξ (m) ∝ mγ   

ξ (logm) = (ln10).m ξ (m)  

                 i.e.: γ = ‐1.2 ± 0.3  for 0.1 < M < 1 M  
                           = ‐2.7 ± 0.3  for 1 < M < 10 M   

                                          = ‐2.3 ± 0.3  for 10 < M < 100 M 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Figure 8. The evolution of an H II region environment, assuming that most low-
mass star formation is not influenced by the massive stars. Compare with Figure 9.

regions, in gas that is unaffected by H II region expansion. In this case, which is illus-
trated in Figure 8, we also expect to find regions of low-mass star formation that are
comparably intense to those found in H II region environments, but in regions that have
yet to form any massive stars. Finally, we would expect that the ages of many low-
mass stars found in H II regions would be greater than the ages of the massive ionizing
stars. Conversely, if most low-mass star formation in regions around massive stars is
triggered, then young stellar objects should be found concentrated in gas that has been
compressed by H II region expansion, as illustrated in Figure 9. We would also expect
low-mass stars in H II regions to typically have a spread of ages up to the age of the
massive stars.

It is clear that some star formation is triggered by massive stars, while other star
formation is not. Figures 8 and 9 suggest a means by which the relative contributions of
these two modes of star formation might be assessed. A number of new data sets such
as the Spitzer GLIMPSE survey of the inner portion of the Galactic plane may allow
this test to be carried out for a statistically meaningful number of objects.

Clumps 
≥0.1‐1 pc 

Cores 
≤0.01‐0.1 pc 

SF in clumpy molecular clouds I 

Hester & Desch ASP 341, 2005 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IN A NUTSHELL: 

Stars form in cores.  
Mass distribu@on cores (CMF) resembles that of stars (e.g. in Ophiuchus, Serpens, Orion,  
     Pipe Neb.) 
IMF determined early on, during the forma@on of clumps and cores in molecular clouds 
CMF is thus fundamental. May depend on environment. Different CMFs may lead to  
different IMFs, or do you somehow always get same IMF? 

Nu^er & Ward‐Thompson 2007  Alves et al. 2007 

Orion, SFE ≈ 6%  Pipe Neb, SFE ≈ 30% 



Jan Brand 
Third Italian mm‐workshop                    
Bologna 20 January 2015 

124 Hester and Desch

into surrounding molecular
ionization front and shock

gas.

early on, driving an
Massive stars form

Molecular Cloud undergoing

collapse and fragmentation

Shock!compressed
gas

The expanding ionization front moves

through surrounding gas, first triggering
collapse of molecular cores, then overrunning

them, leaving young stars in the interior of

the H II region.

Massive stars

HII Region

formation

Triggered star

interior

Ionization front

Uncovered groups

Compact HII
Region

Isolated low!mass
stars

Figure 9. The evolution of an H II region environment, assuming that most low-
mass star formation in the region is triggered by expansion of the H II region. Com-
pare with Figure 8.

5.2. This is Not Classical “Supernova Triggered Star Formation”

The mode of induced star formation discussed here differs from “classical” supernova
triggered star formation as understood by either the star formation or meteorite com-
munities. To star formation researchers, supernova triggered star formation refers to
the idea that a massive star mostly triggers star formation in its surroundings with the
sudden burst of energy of a supernova explosion. While supernovae contribute to the
compression of gas around massive stars, they are not necessarily the dominant means
by which star formation is induced.

As discussed above, the radiation and winds from a massive star carve a large cav-
ity in the interstellar medium, compressing the surrounding gas into a dense shell. Even
when a supernova does occur, the energy released is unlikely to dominate the cumula-
tive effects of radiation and winds. Figure 10 shows what happens when a supernova
explodes in a blister H II region. (This is the type of astrophysical environment in which
many massive stars are found and in which intense low-mass star formation is seen, so
it is the appropriate environment in which to consider the effects of supernovae.) When
a blister H II region forms, the high pressure interior breaks out of the molecular cloud
and vents into the surrounding lower density ISM, as shown in Figure 10a. When the su-
pernova goes off, the ejecta expands freely through the low density cavity (Figure 10b).

Hester & Desch ASP 341, 2005 

SF in clumpy molecular clouds II 



Massive stars (M > 8 Mo): 

‐  Produce large amounts of ionizing radia@on that creates PDR in nearby molecular cloud 

‐  In clumpy clouds UV radia@on can penetrate deeply and affect large part of cloud. 
  UV radia@on may thus affect the CMF in the exposed cloud: 

      by dispersing or par@ally evapora@ng parental molecular cloud via ioniza@on, winds,  
      supernova explosions, thus possibly preven@ng subsequent SF; 

      by accumula@on of gas, swept up by expanding HII region; crea@on of cores; 
      subsequent collapse leads to new genera@on of stars; 

      by compressing exis@ng dense condensa@ons, triggering SF. 

A way of assessing these effects is to determine whether the CMF near to a PDR significantly  
departs from those observed in more quiescent (less exposed to intense stellar UV radia@on)  
star forming regions. 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Cappa+ 2011 MNRAS 415, 2844 

RGB: [SII], Hα, [OIII] 

NGC 6357 

Distance = 1.7 ± 0.2 kpc 

Part II Introduction

NGC6357

NGC6357 (1.7− 2.5 kpc) - 8 µm

!"#$%

Note — Taken from hubblesite.org

Presence of a large
cavity (or a number of
smaller ones)

G353.2+0.9 coincides
with the brightest
emission

Pis-24 is found south of
this region

Giannetti, A. (UniBo, IRA) Evolution of Massive Clumps 27 February 2014

8 μm (GLIMPSE survey) 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NGC 6357  
NIR (Spitzer) RGB: Red: 8 μm  Green: 4.5 μm  Blue: 3.6 μm 

G353.2+0.9 

G353.1+0.6 

G353.2+0.7 
Pismis 24 

Clusters 



NGC6357‐complex: 
G353.2+0.9 

HST 

Pismis 24: 
30‐40 OB stars (2 O3.5) 

Part II Results

Star Formation Activity

Focus on Pismis 24 – Combination of
NIR-, MIR-, X-rays- and HST data

Age 1− 3 Myr

IMF derived from deredded KLF:
consistent with Scalo or Kroupa

M∗ ∼ (2− 6)× 103 M"

Parent cloud properties:
M ∼ 4× 104 − 105 M",
n(H2) ∼ 106 cm−3,
R ∼ 0.5− 1 pc

SFE ≈ (2− 15)%

Marginally larger disk fraction in
the Hii region

Giannetti, A. (UniBo, IRA) Evolution of Massive Clumps 27 February 2014

Massi F., Giannes A., di Carlo E., Brand J., Beltran M.T., Marconi G. 
Young open clusters in the Galac@c star forming region NGC6357 
2015, Astron. Astroph. 573, A95 

Giannes A., Brand J., Massi F., Tieurunk A., Beltran M.T. 
Molecular clouds under the influence of massive stars in the Galac@c  
      HII region G353.2+0.9    2012, Astron. Astroph. 538, A41 

Massi F., Brand J., Felli M. 
Molecular Cloud/HII Region Interfaces in the Star Forming Region  
      NGC6357   1997 Astron. Astroph. 320, 972 



Jan Brand 
Third Italian mm‐workshop                    
Bologna 20 January 2015 

OBSERVATIONS 

Herschel 160 μm map 
with daisy fields 
SCUBA2 overlaid. 

We used SCUBA2 at the JCMT to observe, at 450 µm and 850 µm, the dust associated with  
the molecular clouds in a 30’ x 30’ (15 pc x 15 pc) region containing three HII regions. We  
assess the radia@ve and mechanical influence of the stars that excite the HII regions on the  
molecular gas, by determining the CMF near the HII regions and comparing it with that in  
more quiescent (less exposed to intense stellar feedback) parts of the complex. 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RESULTS: Maps of dust con/nuum emission 

Mosaic at 850 μm; hpbw 14” 

Spitzer NIR RGB 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RESULTS: Maps of dust con/nuum emission 

Mosaic at 850 μm; hpbw 14”  Mosaic at 450 μm; hpbw 7” 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Right: errormap 450 μm. Levs (mJy/bm): 
60, 75, 100 (white), 150, 200 

Lec: errormap 850 μm. Levs (mJy/bm): 
4 (white), 5, 10, 15, 20 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The core mass function in star-forming region NGC 6357
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Abstract
The distribution over mass of stars at birth (the initial mass function, IMF) is one of the most important parameters in star-formation research. What determines the IMF is still not clear, nor is it clear
whether the IMF is the same for every star forming region. It does seem, however, that the IMF is set very early on by the mass of the molecular cores out of which the stars form. The core mass
function (CMF), and by consequence the IMF, may however depend on the physical and chemical properties of the environment. In this poster we present the results of our determination of the CMF at
various locations in the Galactic star-forming complex NGC 6357. We used SCUBA2 at the JCMT to observe, at 450 micron and 850 micron, the dust associated with the molecular clouds in a 30′ × 30′

(15 pc× 15 pc) region containing three Hii regions. We assess the radiative and mechanical influence of the stars that excite the Hii regions on the molecular gas, by determining the CMF near the Hii
regions and comparing it with that in more quiescent (less exposed to intense stellar feedback) parts of the complex. Preliminary analysis suggests there is no difference between the CMFs.

1 – Introduction
Early type (massive) stars emit copious quantities of ionizing radiation, that creates
a photon dominated region (PDR) where it hits a nearby molecular cloud. Hydro-
dynamical simulations have shown that star formation may be either triggered or
halted in clouds exposed to intense UV radiation. The level of UV flux is possibly a
determining factor.
The smallest (≤ 0.1 pc) and densest structures (cores) inside giant molecular clouds
follow a well-defined mass distribution (CMF) resembling the stellar initial mass
function [IMF; see 1, 2, and references therein;]. Although the origin of stellar mass
(and hence the IMF) is still one of the main unsolved problems in star formation
research, there seems to be growing consensus that the IMF derives from the CMF,
assuming a certain star-forming efficiency (SFE) for each core [e.g. 3]. Different
CMFs may significantly affect the mass distribution of the final stellar population.
If intense UV radiation has an effect on star formation, it must be by primarily
affecting the CMF in the exposed molecular cloud(s). A way of assessing these
effects is to determine whether the CMF near to a PDR significantly departs from
those observed in more quiescent (less exposed to intense stellar UV radiation) star
forming regions.

Figure 1 : Spitzer/IRAC (3.6-8.0 micron) three colour image of NGC 6357. The three main clusters
are indicated.

2 – Observations
We have mapped the dust emission in the star-forming region NGC 6357 with
SCUBA2 at 450 and 850 micron with relatively high spatial resolution (7′′ and 13′′,
respectively) and with high sensitivity (4− 10 mJy/beam at 850 micron), to derive
an accurate CMF of cores down to a few solar-masses.
HARP 12CO(3− 2) observations (Fig. 2) were obtained to correct the 850 micron
fluxes for the CO emission.

Figure 2 : Moment zero of the 12CO(3− 2) data. The image was used to correct the SCUBA2
850 micron fluxes.

3 – Core mass distribution
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Figure 3 : Core mass
distribution of the identified
cores. The completeness
limit is indicated as a dashed
line.

In order to select the most compact structures in the
SCUBA2 images, we removed the extended emission using
a multiresolution approach. We filtered all the emission
on scales larger than ∼ 64′′, and the resulting map was
decomposed into cores using GAUSSCLUMPS.
In this way, we identified 361 cores. Dust temperatures
were determined separately for each core, from greybody
fits to spectral energy distributions (SEDs) at their central
pixel. The SEDs were derived from our SCUBA2 data
and Herschel images at 70 and 160 micron (all convolved
to the same resolution and processed in the same way;
see Fig. 4).
Masses were determined from the sub-mm emission using
a dust absorption coefficient kν = 1.93 cm2 g−1, a gas-to-

dust ratio of 100, and the temperature derived from the SED fit.

Figure 4 : Three
colour image (red:
SCUBA2 850 micron,
green: 160 micron, blue:
70 micron) of the
region, obtained with
the continuum images
from which the
extended emission was
removed using wavelets.

Completeness tests
were done adding
a small number of
artificial cores in
the original (CO-
corrected) data, for
a large number of
repetitions. For a
given mass, we ran-
domly generated a
temperature, a flux
and a size within
ranges determined
on the basis of the observations, and inserted the cores in the image, to be later
processed as the original data. This procedure yields an 85% completeness limit at
∼ 10 M&. Figure 3 shows the core mass distribution of the identified cores.

4 – First results & future work
We separated the most UV-exposed cores from the rest and derived the CMD for both
subsamples; the results are shown in Fig. 5. Cores more exposed to UV radiation are
slightly hotter and more compact. There is no clear difference between the CMDs.
In order to identify starless cores, we will look for 70 micron point sources in the
Hi-GAL catalogue to derive the CMF in NGC 6357. The region was also observed
in JHK bands with UKIRT and in X rays, so we can compare the CMF with the
IMF of the clusters in NGC 6357. If a sufficient number of young stellar objects are
identified outside of the three main clusters [cf. 4], we will be able to derive an IMF
for these regions where star formation was not as violent as for the clusters.
This work will allow us to investigate the effect of UV radiation on the CMF and
on the fragmentation of the gas, if the CMFs derived in different regions have a
shallower slope than that of the corresponding observed IMF.
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Figure 5 : Distribution of the core masses, of the dust temperatures and of the sizes: the cores
more exposed to the UV radiation from the massive members of the clusters are shown in red, the
others in blue. The completeness limit (see below) is indicated as a dashed line.
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SCUBA2 850 μm 

RGB: Herschel 70, 160, SCUBA2 850 μm 

REMOVING DIFFUSE EMISSION 

RGB, background removed 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We iden@fied 361 bona fide cores in the background‐subtracted 850 µm image.  
Masses:  M = γ   (S d2) / (kν B[ν,T]), where  
S: integrated flux of the (Gaussian) core 
d : distance 
B[ν,T]: Planck func@on at (dust) temperature T and frequency ν  
kν : dust absorp@on coefficient:  kν = k0(ν/ν0)β.  

We use kν= 1.93 cm2 g‐1, derived from  
k0 = 1.85 cm2 g‐1 at ν0 = 345 GHz and β=1.8. 

The gas‐to‐dust ra@o γ = 100.  

CORE IDENTIFICATION 

Need the dust temperature: 
use Herschel Hi‐GAL data 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TEMPERATURE OF CORES 

from SED fit to fluxes at 70, 160 μm (Herschel Hi‐GAL)  
and 450, 850 μm (SCUBA2) 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TEMPERATURE MAP 
302 cores 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COMPLETENESS I  For range of masses (2 – 50 M) create ar@ficial cores, 
using parameter space of cores actually found. 

Insert ar@ficial cores into original data, then proceed  
as before, and see how many are found. Repeat 
many @mes for each mass. 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COMPLETENESS II 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Divide sample into:  

cores near star clusters (UV+ ; N = 108) 

cores away from clusters (UV‐ ; N = 194) 

UV+ warmer and more compact 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No difference between CMFs: 

* Influence of UV field on CMF 
  is not that great 

  or 

 * UV‐field is so pervasive that  
   being near or far from cluster 
   makes no difference 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But wait… 

Starless cores do show a  
difference? 

(UV+  N = 73; UV‐  N = 143) 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UKIRT JHK,H2 data WFCAM 

G353.2+0.9 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2 (rejected) ALMA Cycle 2 proposals on this subject. 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The core mass func@on  
of a cloud in the  
far‐outer Galaxy 

In 20%‐40% range 

Iden@fying the transi@on 
phase of the clump mass 
func@on to the IMF 

In bo^om 30% 

But we try again in Cycle 3! 


