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Under Pressure
AlyssaGoodman, Chris Beaumont, Tom Dame, Chris Faesi, Stella Offner, Mark Reid & 
Tom Rice (Harvard-Smithsonian Center For Astrophysics) &
Joao Alves (U. Vienna), Bob Benjamin (U. Wisconsin), Erik Rosolowsky (U. British Columbia)
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[WWT demo]
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cf. Bonnor 1956; 
Keto & Myers 1986; 

Chieze 1987;
Bertoldi & McKee 1992; 

McLaughlin & Pudritz 1996;
Ballesteros-Paredes et al. 1999;

Heyer & Brunt 2004;
Lada et al. 2008
...Heyer 2009

and more.
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Field, Blackman & Keto 2011

[Sneak Preview]
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FYI...
including extragalactic data, the outer Milky Way, and the Galactic Center 
does change this picture...

Putting the inner Milky Way data (Heyer 
et al. 2009) into context with data from: 
the outer Milky Way (Heyer, Carpenter, & 
Snell 2001); extragalactic GMCs 
(Rosolowsky & Blitz 2005; Bolatto et al. 
2008); and the Galactic center (Oka et al. 
2001). Notice how the outer MW clouds 
appear much more unbound (α>>1) than 
those in the inner MW, and how very 
unbound the Galactic Center clouds appear 
(Spergel & Blitz 1992).

figure courtesy of E. Rosolowsky, reproduced from Goodman et al. 2011 NSF proposal
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What does “bound” mean?
Object will not expand (and it could collapse). 

What does “weight of the envelope” mean?

Theory & 
Semantics

Gravity of material beyond a boundary pushing “down” on what’s 
interior to the bounding surface can be thought of as external 
pressure... this distinction depends on surface’s meaning...

What does “pressure-confined” mean?
Cloud of gas would expand if not for external pressure.

cf., re: large scales....Ostriker, McKee & Leroy 2010; Ostriker & Shetty 2011; Krumholz, McKee & Tumlinson 2009...
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How can observers measure “internal” and “external” 
pressures?

1-D velocity dispersion & “density” are all we can offer.

What are the meanings of “internal” and “external”?
Boundary definitions are largely arbitary (and not in 3D real space), 
so must be clearly defined & understood.

Can we separate gravity and pressure observationally?

Observations 
& Semantics

e.g. what does “weight of the envelope” mean?!

cf., Rosolowsky & Blitz 2005; Lada et al. 2008; Oka et al. 2011...
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Operationally at the moment (for Perseus graphs)...

1-D velocity dispersion (sv) 
is taken to be 2nd moment of 
velocity along the line of sight.
(Can also assume 3D=31/2 sv.)

OBSERVED Pressure = 

density (r) is derived from 
column density (N), which is 
derived from CO luminosity 
& “X-factor” assumptions
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 Hierarchical “Segmentation”
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from Goodman et al. 2009
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How real are p-p-v clumps (& boundaries!) in real (p-p-p) space?
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How real are p-p-v clumps (& boundaries!) in real (p-p-p) space?
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[3D demo]
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Pressure Structure of Milky Way Clouds

[demo]

[2012 Harvard Senior Thesis of Tom Rice, using Dame 2011 CO data & Reid model of Milky Way] 
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Pressure Structure of Milky Way Clouds
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Goodman, Beaumont, Dame, Offner, Rice, Rosolowsky et al. 2012, in prep
(includes distance estimates & correlation with dust & star-formation tracers)
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Pressure Structure inside Molecular Clouds
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L1448

IC348

B5

Regions (approximately)
B5

IC3
48

L1448
one(/a few) dominant sources

old & young clusters

wimpy “cluster”
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Dendrogram: p-p-v

Images: p-p-p, density

Offner SimNote apparent “negative” pressure gradients!
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Column DensityPressure
(full res) (full res)
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Column DensityPressure
(low res) (low res)
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Column DensityPressure
(low res) (low res)
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To remember under pressure...
We can measure (proxies 
for) pressure “structure.”

Equilibrium 
formulations (e.g. SVE, 
PVE) may not apply, 
and many p-p-v 
structures should not 
be interpreted as real 
in p-p-p.

Simulated observations to calculate 
“theoretical” pressure proxies are proving key.
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A hierarchical 
catalog of 
Milky Way 
clouds & 
properties will 
soon be found 
at
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Are there “critical” pressure-boundaries? (a la Chieze ’87)

Can we really separate “internal” and “external” 
pressure? (Enrique, Eric, Chris...?)

On what scale is it relevant to think of an equation of 
state, P( r, T)?

More discussion...
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& 
“The Proposal that Nobody Read”

(a warning about the NSF for Americans)
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