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Shu, Adams and Lizano 1987

Is the problem of the formation of 
low-mass single stars solved?

Is the problem of the formation of 
low-mass single stars solved?



What’s Left to Be Done

• Universality of the IMF??
• Formation of Clusters
• Initial Conditions
• Formation of Planets from Disks



How can we understand the star formation 
history of a hierarchical Universe?

Steidel et al. 1999

Universal Star Formation 
Rate is declining linearly 
with z at about 10% per 
109 y; more slowly with 
time. 

But the depletion rate of 
SF gas is much faster 
than this at z = 0.

How is this possible??



Rosette Nebula



Rosette Molecular Cloud

Clumps are roundish?





Rosette MC 12CO

Clumps are roundish?



Clumps in the Rosette MC







Rosette 12CO + Dust Temperature

Williams, Blitz & Stark 1995



Rosette 12CO

Williams, Heyer, and Brunt  2006 



Rosette 13CO

Williams, Heyer, and Brunt  2006 



Williams, Blitz & Stark 1995

Williams, Heyer and Brunt 2006

The Rosette Molecular Cloud



Williams, Heyer and Brunt 2006





Clump ID from CLUMPFIND

Stars form from clumps, not filaments



Williams, Blitz & Stark 1995
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All of the star forming 
clumps are the most 

tightly bound.



It is apparently not a 
matter of mean density 
in a clump that initiates 
star formation.

All of the star forming 
clumps are the most 

tightly bound.

Williams, Blitz & Stark 1995



Williams, Blitz & Stark 1995

Phelps & Lada 1997



Star Clusters in the Rosette

Roman-Zuniga et al. 2007



Star Clusters in the Rosette

Roman-Zuniga et al. 2007

Free-fall time for clumps is 1 x 106 y.  If star formation 
time is short, what synchronizes individual centers of 
star formation?  Why are they all initiated within 106 y.



Apparently, star 
formation is not an 
entirely local process.

Each of the star-forming 
clumps is forming a 
cluster, and the stars in 
each cluster seem to 
know that it it’s time to 
collapse.

Why??

What are the initial 
conditions that make 
local and global star 
formation simultaneous?

All of the most star forming 
clumps are the most self-
gravitating.

Williams, Blitz & Stark 1995
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Williams, Blitz & Stark 1995

Phelps & Lada 1997

Why does a localized region that is 
about to collapse seem  know that 
it is globally in a region that is 
tightly bound or is itself 
collapsing?

If star formation is rapid (on a 
free-fall time), why are all of the 
embedded stars still in their 
nascent clumps?  And how is it 
that these independent clumps 
are forming stars within 106 y of 
one another?



CO, Hα on HI in M33

Engargiola et al. (2002)

CO
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What determines the 
turnover in the IMF?

or:  Why does nature abhor Brown Dwarfs?



Jeans Density

For T = 10 K; MJ = 1 M

ρΟ = 1.5 x 10-18 g cm-3

nH= 9 x 105 cm-3

To be able to get 
solar mass stars 
requires densities 
and temperatures 
found only in 
molecular clouds.  
Observationally, one 
does find such 
conditions.

To be able to get 
solar mass stars 
requires densities 
and temperatures 
found only in 
molecular clouds.  
Observationally, one 
does find such 
conditions.



Jeans Density for Brown Dwarfs

For T = 10 K; MJ = 0.1 M

ρΟ = 1.5 x 10-16 g cm-3

nH ~ 108 cm-3

To be able to get 
brown dwarfs, with 
masses of ~0.1 M
requires densities 
two orders of 
magnitude higher.

To be able to get 
brown dwarfs, with 
masses of ~0.1 M
requires densities 
two orders of 
magnitude higher.

Are such conditions 
found in GMCs?



Global Properties of Solar Neighborhood GMCs

Mass 1-2 x 105 M

Mean diameter 45 pc

Projected Surface Area 2.1 x 103 pc2

Mean Surface Density ~ 100 M pc-2

Mean Volume Density   ~ 50 cm-3

Mean Clump Volume Density ~ 2 x 103 cm-3

Blitz 1993

Σ(H2) in solar vicinity     ~1.8  M pc-2

Dame 1993

In galactic centers (and the inner regions of 

H2 – rich disks) do  GMCs exist at all?



Q. What is the best evidence that GMCs as a 
whole are self-gravitating?

A. Their internal pressures exceed that of 
the ambient ISM by at least an order of 
magnitude.
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Linewidth-Size Relation for M33

Inner Milky Way

Outer Milky Way

M33

Constant surface 
density implies  
M ~ R2

Thus R ~ ΔV2
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GMCs have constant surface density from cloud-to-
cloud as long as obey linewidth-size relation.  This 
implies that the internal pressures do not 
significantly vary from cloud-to-cloud. 
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In Solar Vicinity:  Pext /k ~ 3 x 104 K cm-3

Pint /k ~ 3 x 105 K cm-3

Inner Galaxy:        Pint /k ~ 5 x 105 K cm-3 



In Solar Vicinity:  Pext /k ~ 3 x 104 K cm-3

Pint /k ~ 3 x 105 K cm-3

Inner Galaxy:        Pint /k ~ 5 x 105 K cm-3 

Now, consider a solar mass core.  Here one needs 
Jeans densities of 106 cm-3.  This is not difficult, 
because if the clump is a Bonnor-Ebert Sphere, 
one can get a density contrast within the clump of 
14 (say 7 times the mean density) or several times 
what’s needed to form a solar mass clump. 
So, if the stellar IMF is determined by the clump IMF (see 
Alves, et al.) then solar mass stars can form readily, but stars 
of somewhat lower mass cannot. Is this the reason for the 
turnover in the IMF?

But to form a brown dwarf, one needs a density of 108 cm-3

at a temperature of 10 K.  How is this possible? 



In Solar Vicinity:  Pext /k ~ 3 x 104 K cm-3

Pint /k ~ 3 x 105 K cm-3

Inner Galaxy:        Pint /k ~ 5 x 105 K cm-3 

Now, consider a solar mass core.  Here one needs 
Jeans densities of 106 cm-3.  This is not difficult, 
because if the clump is a Bonnor-Ebert Sphere, 
one can get a density contrast within the clump of 
14 (say 7 times the mean density) or several times 
what’s needed to form a solar mass clump. 
On the other hand, conditions CAN favor the formation of 
brown dwarfs if there are pressure fluctuations to bring the 
density up to the Jeans density.  But these are probably rare.

A good project for turbulent simulations?

But to form a brown dwarf, one needs a density of 108 cm-3

at a temperature of 10 K.  How is this possible? 



Bottom Line
• Is it the large scale pressure and 

structure of GMCs that determines the 
downturn of the IMF?  If so, then we 
have good reason for thinking that the 
IMF is universal for galactic disks.

• This also suggests that we rarely see 
densities in excess of a few x 106 cm-3

except if a core is in a state of 
collapse. Seems to be verified by 
observation.
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But ρ∗  increases exponentially with 
decreasing distance from the center(as 
does Σgas. ??intext PP <<

(self-gravity)

(linewidth-size relation)    
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