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● Sub-millimetre dust emission probes the hidden dense 
and very cold regions of molecular clouds

● Tracer of the earliest phases of star formation

● What creates the pre-stellar cores, what governs 
their evolution? 

● Origin of the global stellar initial mass function (IMF)
● Part of the life cycle of dust 

● from diffuse medium to                                              
dense clouds

Lagache 1998

Galactic Cold Cores

Cold dust according to DIRBE
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The Planck satellite is mapping the sky at 9 
frequencies between 857GHz and 30 GHz

● 350, 550, 850, 1380, 2100, ...,10000 µm 

● better than 5' resolution in the sub-mm

 This enables the detection of cold cores!

Cold Cores & Planck

10K17K

Planck is also the first 
mission that is capable of a 
full survey

● all-sky

● sub-millimetre 

● sufficient resolution

● excellent sensitivity
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http://www.esa.int/esaMI/Planck/SEMMN9CKP6G_1.html

ESA and the HFI Consortium, IRAS
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Planck Collaboration, arXiv:1101.2035
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Detection principle
(slides by L. Montier)
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The source detection algorithm
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C3PO:
10783

high photometric 
reliability 

sample:   7608

distance estimates: 
3644

ECC:
915

Early Cold Core Selection:
SNR > 15
T < 14 K

Sample used to 
derive all physical 

properties

Sample used to 
derive T, NH, L/M

Complete 
sample

C3PO and ECC Catalogues



 MFU-III     Mika Juvela     22.8.2011

All-sky distribution
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Temperature and spectral index

β free

Data errors + Fit Degeneracy 
does not explain the observed 
relation:

T distribution:
7 K < T < 17 K
σT/T ~ 7%
σβ/β ~ 20-30%

Monte-Carlo Simulation

β(T)

Monte Carlo Simulations with 
realistic (calibration + pixel) errors 
and constant β cannot reproduce 
data.

β = (δ+ωT)-1

see also Planck 2011t,u
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Cold Cores (... clumps?)

We want to understand star formation
● what forms the gravitationally bound cores
● how do the cores evolve
● what is the connection with the surrounding cloud
● what is the morphology of the regions
● what is the structure of the cores themselves
● how do dust properties vary in the cores
● how does the star formation affect the cores

● ...

... we need higher spatial resolution and better 
coverage of the far-infrared wavelengths
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● OT KP Galactic Cold Cores

● PACS and SPIRE maps of                   
 cores detected by Planck

● a cross-section of the               
Galactic cold core population

● temperature, mass, density, size, 
location (high/low latitudes, 
inner/outer Galaxy), environment 
(clustered vs. isolated sources, 
magnetic fields), dust properties 
(emissivity index, signs of 
anomalous microwave emission, 
polarization) 

● 151 hours ~ 110 fields

Cold Cores & Herschel
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Cold Cores 
  on Planck1 ,  2 and Herschel 1 

      on behalf of the Planck collaboration
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Planck

Herschel

External
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Planck Collaboration, arXiv:1101.2034

(see also Juvela et al. 2010, A&A 518, 93L;  Juvela et al.  2011, A&A 527, 111)
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Cold clumps containing colder 
(and sometimes warmer) cores
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... April 2011
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Herschel                         AKARI                             Wise

Quiescent and already star-forming clumps
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● the Herschel fields will be interesting targets for 
magnetic field studies
● isolated cores, simple filaments, fragmented and 

twisted filaments, cometary clouds, etc.
● Galactic plane vs. high latitudes, inner vs. outer 

Galaxy, violent vs. quiescent region 

Cold Cores (Clumps) and magnetic fields
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● Planck will produce all-sky maps of dust 
polarisation
● resolution down to 5´
● wavelengths down to 850µm

Cold Cores (Clumps) and magnetic fields

Bluebook-ESA-SCI(2005)
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● The Cold Cores project complements other Herschel 
programmes by picking sources from all over the sky, including 
high latitudes and areas outside currently active SF

● The study of the first fields has confirmed the Planck 
detections and has demonstrated the variety of the cold core / 
clump population

● The Herschel survey will be completed within one year. The 
results will be used to characterize the initial stages of the 
Galactic star formation – for a global view  

● The Planck and Herschel surveys provide interesting targets 
for polarization studies

● First Planck polarisation results will come out probably in 
2013, characterising the magnetic field geometry around the 
cold clumps

Conclusions
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