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What theorists are used to...

“Three-dimensional visualization of density structure in a turbulent cloud” 
Courtesy Eve Ostriker, Jim Stone & Charles Gammie



...but, alas, observers cannot live in that space.
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position-postion-velocity is NOT the same as
position-position-position-velocity-velocity-velocity
cf. Ostriker, Stone & Gammie 2001

Rendering shows COMPLETE 13CO 
(as given in Ridge et al. 2006)
starting frame is plane-of-sky
“z” axis is line-of-sight velocity

3D rendering courtesy AstroMed team @ IIC & Nick Holliman, Durham, UK



Taste Tests
“Taste Tests”? We frame this project by analogy. 
How does a great chef, making a complicated 
dish, know if she has created what she originally 
intended when she is done cooking? She “tastes.” 
She informs her cooking with her extensive 
knowledge of food chemistry (analytic theory), 
uses all the cooking equipment (simulations) she 
has in the kitchen to try to make something edible 
and tasty (starforming, and realistic), and then 
she uses her senses (observations) to see if what 
she made tastes as intended. “Tasting” in cooking 
actually encompasses the joint action of many 
senses: we propose here a combination of 
statistical techniques that we call “taste tests.” 
The tests will allow us to discerningly decide if 
what we sense (observe) and what we can cook 
(simulate) might actually be tasty (form stars), and 
how (analytic theory) that happens.

from: Goodman & Rosolowsky, NSF Proposal Fall 2006



Earlier Tests…

Inspired by the “Theory Cube”

• Power Spectra (of density, 
velocity)

• pdfs

• Autocorrelation Functions
• Δ−Variance

• Structure Functions

Data-Oriented

• Wavelet Analysis

• Spectral Correlation Function

• Structure Trees

• Velocity Centroid Analysis 
VCA (see also VCS)

• Principal Component Analysis
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Today: Take-Out Only

Column density is log-normal-ish on 10’s of pc scales
★ turbulence prevails, mostly(?)
★ Can we relate distribution details to Mach # & B?

Self-gravity matters on a range of scales, at identifiable 
locations
★ quantification of hierarchical structure (dendrograms)
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Living in “Observational Space”

Ideally includes...

–Projection to 2D sky plane, or 
“3D” of spectral-line data cubes

–Radiative Transfer

–Chemical Model
–Adding appropriate noise

– Imposing observing 
characteristics of a telescope

Example: 
The Spectral Correlation Function

(Padoan, Goodman & Juvela 2003)
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“1. Column density is log-normal(ish) on 10’s of pc scales” 

Example:  log-normal column density distribution

(Ostriker, Stone & Gammie 2001)

Strong 
B-Field

Medium 
B-Field

Weak 
B-Field

Results from MHD simulations
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Is the gas density distribution lognormal or not? (2D)

The (secret) 
uncertainties 
inherent in 

column density 
mapping.

Goodman et al. 2007
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13CO corrected for Tgas (from 12CO)
and for opacity; still subthermal at low AV,

& thick at high AV …+ abundance variations
not reliable over large dynamic range
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Some results... 
Extinction & thermal emission 
are log-normal-ish (& more so 
when points undetected in 
13CO are included.)

13CO is not a very faithful 
tracer of column density

But, we’re not 
done...
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Goodman, Schnee, Pineda, Ridge 2006, in prep; see also Pineda, Caselli et al. 2006, in prep. 
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Can we say what these distributions mean, quantitatively?
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Notes: 1:1 line is predicted for turbulence & log-normal distribtion, and “weak” and “strong” markers are based 
on (some, but not all!) simulations in Ostriker, Stone & Gammie 2001--an illustrative example. 

(cf. Vazquez-Semadeni et al.; Padoan et al.)



2. Self-gravity matters on a range of scales, 
at identifiable locations 

(Dendrograms)
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Dendrograms (Hierarchical) vs. CLUMPFIND (Non-hierarchical)Meaningful structure in position-position-velocity space (3D)
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2D View of L1448: Cloudshine + Integrated 13CO 

Foster & Goodman 2006; Goodman et al. 2007



Dendrograms (Hierarchical) vs. CLUMPFIND (Non-hierarchical)



Dendrograms (Hierarchical) vs. CLUMPFIND (Non-hierarchical)



And, coming 
soon, to a 
cookbook 
(Journal) 

near you... 
(3D PDF)



Sky “x” (Right Ascension)

Observed
Reality

“Observed”
Simulations

(Dendro)Surfaces “CLUMPFIND”

work of Rosolowsky, Pineda, Kauffmann, Borkin,Padoan, Halle & Goodman; 
figure from Goodman & Rosolowsky NSF “Star Formation Taste Tests” Proposal, Fall 2006

Sky “y” (D
eclination)

Velocity

Taste-Test



step 0.3 step 0.5
threshold 0.3

threshold 0.5

threshold 0.7

Is CLUMPFIND OK as a Statistic? (Like Cayenne Pepper?)

CLUMPFIND output for L1448 
(1.2K step & threshold; lower values give too many clumps to show!)

Results for full Perseus Map

Pineda, Goodman & Rosolowsky 2007



Is CLUMPFIND OK as a Statistic? 
Be VERY careful of the recipe.

Pineda, Goodman & Rosolowsky 2007
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Advice for Cooks & Tasters

The menu may offer something for 
everyone, but taste carefully to be sure 

you got what you ordered.

Also, be careful to mind the difference 
between “numerical experiments” and 

“simulations”: don’t taste them in 
life-threatening ways.



2006

“Cloudshine”=Scattered Ambient StarlightExtinction and scattering!  (Cloudshine)



2006

“Cloudshine”=Scattered Ambient Starlight
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Almost Tasting a Very Simple Recipe

Foster & 
Goodman 

2006

Extinction and scattering!  (Cloudshine)



Almost Tasting a Very Simple Recipe
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Theorists doing the Tasting!Extinction and scattering!  (Cloudshine)

Padoan et al. 2006

Tastes “right”, with 20% scatter, at 1<AV<10, for NIR.

Simulation

“Cloudshine” 
Scattering 

ModelH-band 
flux only



Theorists doing the Tasting!

Padoan et al. 2006

Tastes “right”, with 20% scatter, at 1<AV<10, for NIR.

Simulation

“Cloudshine” 
Scattering 

ModelH-band 
flux only



Theorists doing the Tasting!

Padoan et al. 2006

Tastes “right”, with 20% scatter, at 1<AV<10, for NIR.

Recovered map

Simulation

“Cloudshine” 
Scattering 

ModelH-band 
flux only



Errors introduced by the assumption of 
isothermal dust along each line of 
sight

Variable fraction of emission from 
transiently heated very small dust 
grains

Variable dust properties (e.g. emissivity 
or emissivity spectral index)
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Modeling line-of-sight temperature fluctuations



Errors introduced by the assumption of 
isothermal dust along each line of 
sight

Variable fraction of emission from 
transiently heated very small dust 
grains

Variable dust properties (e.g. emissivity 
or emissivity spectral index)
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Modeling line-of-sight temperature fluctuations



MHD Simulation+Radiative Xfer Code (No NOISE)

100/240 micron

Schnee, Bethell & Goodman 2006
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Modeling line-of-sight temperature fluctuations



MHD Simulation+Radiative Xfer Code (No NOISE)

100/240 micron

Schnee, Bethell & Goodman 2006
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Tasting the Simulations

AV from NIR AV from NIR

60/100

True AV

Schnee, Bethell & Goodman 2006
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Modeling line-of-sight temperature fluctuations



Tasting the Simulations

AV from NIR AV from NIR

60/100

True AV

Schnee, Bethell & Goodman 2006
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Tasting the Simulations

AV from NIR AV from NIR

60/100

True AV

Schnee, Bethell & Goodman 2006

A V
 F

ro
m

 E
m

is
si

on

I’ll show you later why that’s “True Av”



Which “stars” “form” from what gas, when?
Fi

gu
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 C
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L1448

'Cause if my eyes don't deceive me,
There's something going wrong around here

--Joe Jackson 



Theorists 
using 

Observers 
Ingredients

e.g. Schmeja & 
Klessen 2006 

What stars form from what gas, when?



Are you hungry yet?



Let’s not let food go to waste, even if 
it is full of artificial ingredients...

Data formats, software, middleware, and infrastructure matter.

http://ascl.net/

http://ascl.net
http://ascl.net


Let’s not let food go to waste, even if 
it is full of artificial ingredients...



Who can make this?



Who can make this?



Who can make this?



Who can make this?


