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Why is high mass star formation 
different than low mass star formation?

High Mass Stars are Rare
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Why is high mass star formation 
different than low mass star formation?

A Short Kelvin-Helmholtz Time!!
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Massive Stars Reach the Main Sequence 
while Protostars

Keto 2003

Massive Protostars
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Why is high mass star formation 
different than low mass star formation?

Massive Cores are not Thermal  Pressure Supported
(and probably not in equilibrium)
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The Eddington Luminosity
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The Eddington Luminosity (Cont)
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Why is high mass star formation different than low mass star 
formation?
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 Zinnecker  & Yorke
AARA 2007
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Wolfire & Cassinelli 1987
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 Zinnecker  & Yorke
AARA 2007
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Wolfire & 
Cassinelli 

1987
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The Inner Boundary
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Wolfire & 
Cassinelli 1987
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Massive Star Formation in a Rotating Core
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Yorke & 
Sonnhalter 

2002
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Krumholz et al 2007
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Growth of high mass 
protostar: Krumholz et al. 
2007, McKee & Tan 2003
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PAH

HII Regions

O star

UV Radiation

Ionized 
Hydrogen

UV radiation from hot stars can 
ionize hydrogen atoms in the 
surrounding cloud.

The ionized Hydrogen is referred 
to as HII 

Neutral hydrogen: HI
Ionized hydrogen: HII

H + UV ->  p+ + e-  Ionization

p+ + e-  -> H            Recombination

An equilibrium is reach where the 
number of ionizations equal the 
number of recombinations.

All UV radiation with wavelengths 
of λ < 912 Angstroms 
or λ < 0.0912 Microns
is absorbed.

 

PAH
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The 3 r’s (Keto 2007)

Rc

R i

RCII
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Massive Star Evolution

Formation sites: IR Dark Cloud

1. Detection of earliest phases (104 years): 

i	

 Dust continuum source such as Orion 
IRC2 or W3 IRS 5

ii	

 Hot Cores such as G29.96

iii.  Outflows

2. Hypercompact HII regions (104 years)

3. Final phase: Ultracompact, Compact HII 
Regions (105 years)
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IR Dark Clouds

3.6 µm, 8 µm, 24 µm

Saturday, April 30, 2011



Infrared Dark Clouds with Dust 
Continuum Source

Beuther et al. 2007
Contours: SMA 850 µm
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Hot Cores: Cesaroni
Dist - 6 kpc
Lum - 1 x 105 Lsun

NH3 (4,4)
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Hot Core Chemistry
Beuther et al. 2007
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Rotating 
Toroids: 

Beltran et 
al. 2005
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Hypercompact HII Regions

28
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Survey of 
Outflows 
Toward 
HMPO: 

Beuther et al. 
2002
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Outflows: Beuther et al. 2002
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Outflows: Beuther et al. 2002
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Where do we stand?

It is pretty clear that stars up 105 Lsun accrete like low 
mass stars - although disks not yet detected.

Some question about more massive objects.
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11.7 µm
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Near
Infrared

Hidden 
Massive
Protostar:
 Produced 
 explosion
 1,000 ago

Orion Nebula
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OMC1  - 12 µm      (Shuping  et al. 2004)

ΝΗ3

Η2Ο masers

Radio 
sources
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OMC1      
 (Shuping  et al. 2004)

ΝΗ3
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OMC1  SiO J=1-0   (Greenhill et al. 2004)
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OMC1  SiO J=1-0 &   7mm continuum   
(Greenhill et al. 2004)
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OMC1
H2 fingers
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Visible Light 
Image

(Digital Sky 
Survey)

The W3 Main
Region
In the 

Constellation 
of Cassiopeia

Clusters and Massive Stars 
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Red sources are a 
cluster of young 
stars and 
nebulae, their 
light obscured by 
a dusty molecular 
cloud

(IR image courtesy 
of John Rayner, 
Institute for 
Astronomy)

The W3 Main
Region: 

Visible & 
Infrared
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The W3 Main
region

Red sources are a 
cluster of young 
stars and 
nebulae, their 
light obscured by 
a dusty molecular 
cloud

(IR image courtesy 
of John Rayner, 
Institute for 
Astronomy)
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Hubble
Space      

Telescope/
NICMOS
Infrared 

(1-2 micron)
Image

•240 low mass 
stars

•Nebulae  
illuminated by 
massive stars
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In the center is 
the very red, 
very luminous 
source, IRS 5 
(InfraRed 
Source 5). 

This source is 
100,000 as 
luminous as 
our own sun.

It is one of the 
most obscured 
and young 
objects in this 
region.
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HST data show five 
very red stars and 
one nebula. 

Very Large Array 
radio images show 
that three stars are 
surrounded by 
bubble of ionized 
gas.

After subtracting 
out one the bright 
sources, two 
additional 
companions are 
found.

Seven sources total, 
at least three are 
massive stars.
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Orion TrapeziumW3 Proto-Trapezium

These observations support the formation of trapezia in the centers of 
clusters.  These stars eventually blow out their dusty birth clouds - 
and may form a trapezium in a visible nebula like the Orion nebula.

100,000
years

HST Nicmos: Luhman et al.. 2001)HST Nicmos: Megeath et al. 2005)
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Multiplicity of Young High Mass Stars
Massive sub-mm sources found 

in compact groups  in centers 
of clusters: primordial mass 
segregation.

These may be proto-trapezia 

40% of emission nebulae 
contain trapezia (Sharpless 
1953)

Left: Submillimeter Array map 
of NGC 6334 show group of 
massive (> 10 solar mass)  
protostars in the center of a 
cluster of low mass stars 
(Hunter et al. 2006).

Color JHK Gemini/Flamingos 
image
Contours: 1300 micron SMA map

0.05 pc
12000 AU
1000 pc-3

0.5 pc

Primary beam of 
SMA

NGC 6334 (1.7 kpc)
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Is There a Connection Between High 
Mass Star Formation and Clusters?

Testi et al. 
1998

From a survey 
of 44 Herbig 
Ae/Be stars
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1000 solar 
mass core

Jeans 
mass = 1 
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1000 solar 
mass core

Jeans 
mass = 1 
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Competitive Accretion: Bate, Bonnell & 
Vine 2003

Red triangles are the most massive objects
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Competitive Accretion: Bate, Bonnell & 
Vine 2003

Number of companions within a 0.1 pc subcluster and the total mass of 
the companions as a function of the most massive star in a sub-cluster.
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Radiative Hydrodynamics Simulations 
(Krumholz, Klein & McKee 2007)
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Radiative Hydrodynamics Simulations 
(Krumholz, Klein & McKee 2007)
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Radiative Hydrodynamics Simulations 
(Krumholz, Klein & McKee 2007)
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Radiative Hydrodynamics Simulations 
(Krumholz, Klein & McKee 2007)

Bonnell, Batte & Vine assume an isothermal gas. Higher gas densities leads to 
fragmetnation of less massive stars

 

This may not be the case in dense cores forming massive stars:

1. Cores have high column density and thus have significant optical depth.

2. Accretion luminosity of massive stars will heat core

This may suppress fragmentation.

However, many of the stars in Bonnell, Bate and Vine form away from the massive 
stars and are transported inward.  So the difference may really be that 
Krumholz starts with a dense core while Bonnell starts with a uniform density 
cloud.
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Summary

56

The formation of stars greater than 10 solar masses distinctly different than that around low mass stars.  

1.Massive stars evolve faster, can reach the main sequence during the protostellar phase.

3.High luminosity means that photon pressure can stop collapse (Luminosity exceeds Eddington Luminosity 
for dust opacity).

5.Dust forced down to sublimation radius by ram pressure of collapsing envelope.

7.Down-convert photons to IR wavelengths at dust sublimation radius.  This lowers opacity of dust grains to 
light and lowers the momentum absorbed by the dust grains)

9.Flashlight effect in rotating envelope “beams” radiation along rotation axis while material can fall along 
disk.

11.HII regions may be confined by gravity.

Need to understand why dense clouds do not just fragment into clusters of low mass stars:

12.competitive accretion?

14.radiative feed back?
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