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FYI: “Accounting” won’t work



Holistic 
Star Formation

holistic |hōˈlistik|
adjective chiefly Philosophy
characterized by comprehension of  the parts of  
something as intimately interconnected and 
explicable only by reference to the whole



Image Credit: Jonathan Foster & Jaime Pineda CfA/COMPLETE Deep Megacam Mosaic of West End of Perseus
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20 cm VLA from MAGPIS (Helfand et al. 2006) & MIR from Spitzer GLIMPSE (see Churchwell et al.)
3.6, 4.5, 8.0, 20cm (Luptonized, see Lupton et al. 2004)

image “height” is 1.6 degrees (e.g. 140 pc at 5 kpc)

radio SNR

warm dust cold dust

HII regions(+SNR)

Massive Star-
Forming Regions

...from 0.1 pc to 100 pc
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Simulations of Bate 2009

Our Goal is to “Taste” Star Formation
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An Exemplar Dissection

Taste 
Test

Goodman, Rosolowsky, Borkin, 
Foster, Halle, Kauffmann & 
Pineda 2009, Nature, 457, 63.
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Background: to appear in Foster, Mandel, Pineda, Covey & Goodman 2010
Insets: Foster & Goodman 2006, Calar Alto JHK

“Cloudshine”
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✔“Cloudshine”

*
...Spitzer c2d (MIR) point 
source with “right” SED

...compact 
thermal dust peak ✔

✔

✔

(     ...later)



Perseus
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To explore on your own, go to 
http://www.cfa.harvard.edu/COMPLETE/, then click on 

and choose to see the Interactive Coverage Tool 
in either Google Sky or WorldWide Telescope. 

Many thanks to Jonathan Foster, Gus Muench & Jonathan Fay (MSR/WWT team) for these tools!
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Column Density in Perseus, Measured 3 Ways
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turbulence 
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Taste 
Test

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2009ApJ...692...91G&db_key=AST&link_type=ABSTRACT&high=4085af37fc01996
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“Three” Dimensions: Spectral-Line Mapping 

We wish we could measure…

y
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But we can measure…

vz only from 
“spectral-line 

maps”

This is called 
“p-p-v” or 
“position-

position-velocity” 
space.



There’s much more to life than “integrated intensity”

Spectral Line Observations

Mountain Range No loss of
information

Loss of
1 dimension



“3D”=movies

Astronomical Visualization Tools are Traditionally 2D

IDL

DS9

Karma*

3D Slicer

GAIA
Aipsview



mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al. in prep.)

Optical image (Barnard 1927)

Perseus



“Keith” “Perseus”

“Astronomical Medicine”

“z” is depth into head “z” is line-of-sight velocity

(This kind of “series of 2D slices view” is known in the Viz as“the grand tour”)
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AstronomicalMedicine@

3D Viz made with VolView

Perseus



Perseus

“L1448+”
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“Segmentation”
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 Hierarchical “Segmentation”
Rosolowsky, Pineda, Kauffmann & Goodman 2008



Dendrograms
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1-D: points; 2-D closed curves (contours); 3-D surfaces enclosing volumes
see 2D demo at http://am.iic.harvard.edu/index.cgi/DendroStar/applet

http://am.iic.harvard.edu/index.cgi/DendroStar/applet
http://am.iic.harvard.edu/index.cgi/DendroStar/applet


http://am.iic.harvard.edu/index.cgi/DendroStar/applet
Dendrogram Algorithm by Erik Rosolwosky; Applet by Douglas Alan 3D, see PDF...

http://am.iic.harvard.edu/index.cgi/DendroStar/applet
http://am.iic.harvard.edu/index.cgi/DendroStar/applet


What would CLUMPFIND do?
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No hierarchy is allowed, all clumps go to the baseline.
(Williams, De Geus & Blitz 1994)



http://iic.harvard.edu/sites/all/files/interactive.pdf; 
with many thanks to Mike Halle, Michelle Borkin, Jens Kauffmann & Douglas Alan

http://iic.harvard.edu/sites/all/files/interactive.pdf
http://iic.harvard.edu/sites/all/files/interactive.pdf


from “The Perils of CLUMPFIND” by Pineda, Rosolowsky & Goodman 2009

“Crowded” 3D data
(very dangerous)

“Sparse” 2D data
(OK)

Look at what 
happens to 
the “CMF”!
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(MHD) Simulations,  Turbulent Fragmentation

Alves, Lombardi & Lada 2007

cf. Padoan & Nordlund 2002

Gas

Stars
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How calm, and how long-lasting are cores?
(relevant motions/forces & the “virial parameter”)

Three main views at present...

 

 

 1. Quasi-Static 2. “Squished” 3. Competitive Accretion 

Static Squished Competitve 
Accretion

 

The 
“bijection” 
problem... 
this is p-p-p, 
but we have 
only p-p-v...

The 
“Coherence” 

Picture



weak 13CO
strong 13CO

weak NH3 strong NH3

R.A.

D
ec.

vLSR

p-p-v structure of the B5 region in Perseus

many thanks to Jaime Pineda & Jens Kauffmann for this figure
COMPLETE data: 13CO from Ridge et al. 2006; NH3 from Pineda et al. 2010



weak 13CO

strong 13CO

weak NH3
strong NH3

STRONG Evidence for Coherence in Dense Cores

GBT NH3 observations of the B5 core, Pineda et al. 2010 ApJL; 
more cores show same behavior, Pineda et al. 2010 ApJ paper

greyscale shows NH3 velocity dispersion, 
arrows show gradient in dispersion

non-thermal line width 
constant in core, then 
jumps abruptly to 
turbulent values

NH3 .Benson & Myers 1989

 



Returning to L1448...



Dendrograms & “Self-Gravity”

Yellow highlighting= “self-gravitating”

“Self-gravitating” here just means αvir (=5v2R/GMlum) < 2
(à la Bertoldi & McKee 1992)

Rosolowsky et al. 2008 (ApJ) &
Goodman et al. 2009 (Nature) see PDF...
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Choosing a relevant 
simulation to taste... 

How about one with a 
“turbulent power spectrum” shown 

to match COMPLETE data?
from Padoan et al. 2006

(see Lazarian & Pogosyan 2000 for 
methodology)

Note:  This simulation does NOT include gravity, 
magnetic fields, radiative effects, or explicit 
heating & cooling--it is pure hydrodynamics.



Simulation Synthetic Data
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Observing System

Synthetic 
Observing 
System

Radiative 
Transfer 

(+Chemistry) 
Code(s)

Observed Data

Taste 
Tests

Enabled
Indirectly

Sample Taste Test

Fr
ac

tio
n 

of
 E

m
is

si
on

 in
 

Se
lf-

G
ra

vi
ta

tin
g 

St
ru

ct
ur

es

Scale (pc)

The Taste-Testing Process

Taste 
Test

“synthetic observation”“depletion, 
opacity”



Real vs. Simulated 13CO

Real

Simulated



Taste-Testing Gravity
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Gravity-free HD Simulations from Padoan et al. 2006;
 L1448 analysis from Rosolowsky et al. 2008

both lines derived from 13CO “observations”
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conclusions & caveats



Star formation takes place in self-graviatating “coccoons,” 
and some of those coccoons are bound to each other.



Caveats/Worries about p-p-v (bijection)
... and the virial parameter

from Shetty, Collins, Kauffmann, Goodman, Rosolowsky 2010; 
see also recent work of Dib et al., Ostriker et al., Ballesteros-Paredes et al., Myers, and Smith, Clark & Bonnell

“Cores”

“Environs”



What (else) keeps me up 
at night now...
“Bi-jection” or “p-p-p to/from p-p-v”& the impact 
of missing terms in virial analysis in each space  

[Shetty, Collins, et al.]

Projection effects in analyzing spatial & velocity 
offsets 

[Kirk, Pineda, Offner, et al.]

When/how can we best measure YSO velocities 
& what should they be?

[Covey, Offner, et al.]

How much exess column is there beyond “log-
normal”?

[Foster, Offner, et al.]

Effects of Cloudshine on Deep NIR Point Source 
Photometry (e.g. JWST) [Foster!]

Can we differentiate simulations with known & 
simple new “taste tests” 

[Rosolowsky, Shetty, et al.] 
...for example, how do cores connect to their 

environment?
[Kauffmann, Myers, Pineda, Alves, Foster, 

Rosolowsky, Offner, et al.]?

Can we do better than Kennicutt-Schmidt, 
really?

[Cox, Narayanan, Shetty, Rosolowsky et al.]

Effects of B-Star Winds on Cloud Evolution
[Covey, Sharma, Valverde, Borkin, Arce et al.]

Do dendrograms give a different CMF?
[Alves, Rosolowsky, Pineda et al.]

And, what about magnetic fields?!
[Li et al. 2009...]

...and WWT, IIC, 3D Data Desk, WGBH, VAO...and my family.



Molecular cloud gas 
densities from an AMR 

simulation with radiation 
feedback (Offner et 

al. 2009)." The movie is 
0.65pc on a side and 

covers about 0.15 Myr.



Kirk, Pineda, Johnstone & Goodman 2010

Why 
so still?
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CLUMPFIND vs. Dendrograms: L1448

“CLUMPFIND”

Dendrograms



CLUMPFIND vs. Dendrograms: Synthetic Data

“CLUMPFIND”

Dendrograms

Taste 
Test



HOMEWRECKERS

Stars disturbing their ancestral homes

Alyssa Goodman (Harvard-Smithsonian Center for Astrophysics)
Héctor Arce (Yale University) 

Lawrence Valverde (Harvard College)



M17

http://hubblesite.org/gallery/album/entire/pr2003013a/large_web/
http://hubblesite.org/gallery/album/entire/pr2003013a/large_web/
http://hubblesite.org/gallery/album/entire/pr2003013a/large_web/


This is not real...but it could be.

Synthetic [OIII], H and [NII] emission-line image from a 5123 numerical simulation: Mellema, Henney, Arthur & Vàzquez-Semadeni 2009


