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mm: C18O 1-0 FCRAO 
Hatchell et al. 2005

submm: 850 µm SCUBA 
Hatchell et al. 2005

MIR: - 8µm Spitzer 
Jorgensen et al. 2006 

NIR: 1-2µm JHK 
Muench et al. 2003

IC348

Stars form in molecular clouds
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H a t c h e l lUnanswered questions

•Where do stars form and why?

•Origin of the stellar initial mass function (IMF)?

•What is the role of feedback?

•Are magnetic fields ever important?

• Is massive star formation a scaled-up version of low mass?
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gravitational stability

•Virial mass: thermal /turbulent support vs. gravity for a core 
in equilibrium

for only thermal pressure 

λ2
J =

πc2s
Gρ

, MJ = λ3
Jρ

GMJ

λJ
= πc2s

eg. Hartmann ‘Accretion Processes in SF’ book

•Jeans length / mass: gravitational instability against thermal 
support in a uniform density medium 

where cS is the sound speed and ρ density.

3σ2

1D
= c2

s
= P/ρ = kT/µmH

Virial parameter α∼1Core/clump radius

Mass Thermal / turbulent 1D 
Gaussian linewidth

eg. Bertoldi & McKee 1992
3

5

GMvir

R
= α (3σ2

1D)
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Larson (1969) and Penston (1969) 
protostellar collapse

Shu (1977) singular isothermal sphere

ρ ∝ r−2 Terebey, Shu & Cassen (1984) rotating 
collapse

Disk

density
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• Price & Bate 2009 MNRAS 398, 33 
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•Dobbs & Bonnell 2008 
molecular H2 cloud 
formation in Galactic 
spiral arms 
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1 3

5

2 3

4

ANSWERS
•James Clerk Maxwell 
Telescope  (JCMT, submm) 
•Atacama Large Millimetre Array 
(ALMA, submm)
•Herschel Space Telescope 
(MIR/FIR)
•Spitzer Space Telescope (MIR)
•Atacama Pathfinder 
Experiment (APEX, submm)

Spitzer
3.6-160μm 

Herschel
50-500μm

JCMT
350μm - 1mm

APEX
200μm - 1mm

ALMA
200μm - 1mm
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Enoch et al. 2009

Protostellar 
Spectral Energy 
Distribution (SED)Fl

ux

wavelength

PACS & SPIRE

SCUBA
SCUBA-2

IC348

JHK

15K (-258°C) dust blackbody 
spectrum peaks at 200 microns

Wien’s Law

λmax =
289.8µm

(T/10K)
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Models: Whitney et al. 2003, Robitaille et al. 2006,2007, online SED fitter http://caravan.astro.wisc.edu/protostars/

Class 0
Deeply embedded 
protostar

Class I
Embedded protostar

Class II
Classical T Tauri
2 Myr

Class III
Weak-line T Tauri
Terminology: Diskionary
Evans et al. 
arXiv:0901.1691v1  

Enoch et al. 2009

Protostellar 
Spectral Energy 
Distributions 
(SEDs)

Fl
ux

wavelength

PACS & SPIRE

SCUBA-2
JHK
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Low mass star formation surveys
- Spitzer

Perseus
NGC1333

NASA / JPL Caltech /
R.Gutermuth (CfA)Serpens NASA / JPL Caltech / 

L. Allen (CfA)Orion NASA / JPL Caltech /
S.T.Megeath (Toledo)
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Heidermann, Evans et al. 2010
Thursday, 1 September 2011
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H a t c h e l lEpisodic accretion?

Dunham et al. 2010

Constant accretion model
Dunham et al. 2010

Variable accretion model

D
un

ha
m

 e
t a

l. 
20

10
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•Core Mass Function mirrors 
Initial Mass Function (but not in 
all clouds)     André et al. 2010

Aquila Herschel GB / P. André
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Arzoumanian, André et al. 2011

Filament widths of ~0.1 pc suggest core formation 
through dissipation of large-scale turbulence
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H a t c h e l lHigh mass star formation

http://www.alienearths.org/glimpse/glimpse.php

Spitzer GLIMPSE
3-24μm
http://
www.alienearths.org/
glimpse/

APEX ATLASGAL
850μm
http://www.mpifr-
bonn.mpg.de/div/
atlasgal/

Spitzer Glimpse coverage
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H a t c h e l lInfrared dark clouds

Infrared Dark Clouds
(Peretto et al. 2010)
successors of Lynds 
Dark Clouds
(Lynds 1962)
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H a t c h e l lHot topics 2011-21

•Where do stars form and why?
• turbulent cloud models and the star formation efficiency

• Filament fragmentation and collapse

•Origin of the stellar initial mass function (IMF)?
• Details of protostellar infall, accretion and ejection (jets/outflows)?

• Formation / assembly of binaries and higher order systems?

•What is the role of feedback?

•Are magnetic fields ever important?

• polarimetry for magnetic field geometries

• Is massive star formation a scaled-up version of low mass?

• statistics on massive clusters
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H a t c h e l lStars form in molecular clouds

M51 Credit: S. Beckwith (STScI), Hubble 
Heritage Team, (STScI/AURA), ESA, NASA, 
Additional Processing: Robert Gendler

Molecular gas in NGC 4321 
Wilson et al. 2009 ApJ  693 1736
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