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Dendrogram Refresher

 Hierarchical “Segmentation”
Rosolowsky, Pineda, Kauffmann & Goodman 2008; and see Erik Rosolowsky’s talk in a little while!

from Goodman et al. 2009



Dame et al. 2001
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Preliminary Census
of

“Bound” Features

Rice, Beaumont, Dame & Goodman 2014



What does “bound” mean?
And, how good are distances?



Kinematic distances are OK, but not fantastic...

from Sara Duval’s Harvard Junior Thesis with AG, 2013 (thanks to Dame & Reid)
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Bound? (2008: Frank Shu asks for a “test of the test”)

Yellow highlighting= “self-gravitating”

...where “self-gravitating” just means

αvir (=5v2R/Mlum) < 2
cf. Bertoldi & McKee 1992

Tests
•p-p-v OK for p-p-p?
• ignoring all but gravity & 
random KE OK?
•13CO good enough?

Goodman, Rosolowsky, Borkin, Foster, Halle, Kauffmann, Pineda 2009
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What to believe?



What to believe?

Beaumont, Offner, Shetty, Glover & Goodman 2013, 
cf. prior work of Stella Offner, Rowan Smith, Erik Rosolowsky, Paolo Padoan, Rahul Shetty, et al.

Taste test: Using simulations, and synthetic observations of those simulations, 
measure “match quality” (indicating p-p-v space overlap of “real” p-p-p dendrogram 
features projected in to p-p-v space, and structures found in p-p-v dendrogram).



Beaumont, Offner, Shetty, Glover & Goodman 2013

Perseus

Simulation “S11”

Simulaton “O1”

p-p-v views, 13CO

no g, yes B, yes chemistry/uv

yes g, no B, no chemistry



Match Quality

13CO(1-0)

12CO(1-0)

12CO (3-2)

“S11” “O1”
no g, yes B, yes chemistry/uv yes g, no B, no chemistry

bad
good

movies include a noise model, in both cases

Beaumont, Offner, Shetty, Glover & Goodman 2013



Match Quality

12CO (3-2)

13CO(1-0)

12CO(1-0)

Beaumont, Offner, Shetty, Glover & Goodman 2013
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Match Quality

“O1”
yes g, no B, no chemistry

bad
good 13CO(1-0)
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Match Quality

“S11”
no g, yes B, yes chemistry/uv
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Match Quality bad
good

13CO(1-0)

“O1”
yes g, no B, no chemistry

αvir (=5v2R/Mlum)
so, note, then if M~R2,
αvir ~v2/R

Heyer et al. 2009

“Larson Relations”
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“pressure” hierarchy
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Role of Pressure
(..can we measure it?)



Operationally

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

OBSERVED “Pressure” = 

density () is derived from 
column density (N), which is 
derived from CO luminosity 
& “X-factor” assumptions
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Simulation like“O1” 
underluminious, under“pressured”

IC348 (cluster-forming region in Perseus)

13CO “Pressure”-Encoded Dendrograms

Faesi, Offner, Beaumont & Goodman 2014 

              does pressure really “drop” at peaks? (unlikely!)

13CO(1-0)
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unexpected structurep-p-v cubes
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“Is Nessie Parallel to the Galactic Plane?”--A. Burkert, Ringberg 2013
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Why b<0?!
Galactic Geometry: 1959 and Now

[Blaauw et al. 1959]



Predicted Near & Far Scutum-Centaurus Arm



Velocity Constraints

Bonus plot for skeptics!



Predicted Velocities match NH3 Cores in Nessie Perfectly

colored dots show HOPS NH3 velocities from Purcell et al. 2012



Predicted Velocities match NH3 Cores in Nessie Perfectly

black dots show HOPS NH3 velocities 
from Purcell et al. 2012; color is CO; 
line is log-spiral fit to full Scut-Cen Arm 336337338339340341342
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Other Arms?
Other Nessies?

2013 Harvard Junior Thesis of Rabeea Ahmed with AG, thanks to Tom Dame & Bob Benjamin

Perseus

Sagitarius

Norma

Scutum



(flipped) image of IC342 from Jarrett et al. 2012;   WISE Enhanced Resolution Galaxy Atlas Dobbs & Pringle 2013

What’s a bone?



(flipped) image of IC342 from Jarrett et al. 2012;   WISE Enhanced Resolution Galaxy Atlas Dobbs & Pringle 2013

What’s a bone?

new (June 2013) simulation by Andi 
Burkert et al., “inspired” by Nessie, but 
still not high-enough resolution... 
Andi says we need 1 billion particles to see 
Nessies...ask him tomorrow?!

What does Nessie mark?
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http://universe3d.org
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https://universe3d.org/wiki/index.php/Datasets
https://universe3d.org/wiki/index.php/Datasets







