
 I believe Joao...

13CO(1-0)

1 pc
1 pc

1 pc

3 pc

Arce, ALVES, Borkin & Goodman 2008
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Ready to Eat?
What Early “Taste Tests” Say about 
Modern Simulations of Star Formation

Alyssa A. Goodman
Harvard-Smithsonian Center for Astrophysics
Initiative in Innovative Computing at Harvard

Image Credit: Jonathan Foster, CfA/COMPLETE Deep Megacam Image of West End of Perseus

Featuring the work of collaborators:

João Alves, Héctor Arce, Michelle Borkin, Paola 
Caselli, Jonathan Foster, Mike Halle, Mark Heyer, 
Jens Kauffmann, Jaime Pineda, Erik Rosolowsky, 
Scott Schnee, Rahul Shetty

& inspired by EPoS 1 particpants!!
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Background: Jonathan Foster, CfA/COMPLETE Deep Megacam Image of West End of Perseus
Insets: Foster & Goodman 2006, Calar Alto JHK

Observations of Star Forming Regions, Optical 

~1 pc

& NIR...
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0.
1 

pc
“Islands of Calm in a Turbulent Sea”
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Can these all be “right”?

 

 

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

Static Squished Competitve 
Accretion
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Image Credit: Jonathan Foster, CfA/COMPLETE Deep Megacam Image of West End of Perseus

“Turbulence”
(Random Kinetic Energy)

Magnetic 
Fields

Radiation

Gravity

Outflows 
& Winds

Chemical & Phase 
Transformations

Thermal 
Pressure

Tilley & Pudritz 2007
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Tilley & Pudritz 2007; 
see Padoan, P., Goodman, A., Draine, B., Juvela, M., Nordlund, A. and Rognvaldsson, O.E. 2001 for polarimetry “tastes”

As we have seen this week...
Theorists’ Kitchens now cooking many  

Simulations sophisticated enough to “taste”...
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 Figure based on work of 

Synthetic Data

Nature

Observing System

Synthetic 
Observing 
System

Radiative 
Transfer 

(+Chemistry) 
Code(s)

Observed Data

Taste 
Tests

Enabled
Indirectly

The Taste-Testing Process
SCF: A Sample Taste Test

Simulation
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Star Formation Taste Tests

Thursday, April 30, 2009
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0.01 pc 0.1 pc 1 pc 10 pc 100 pc

C
on

tr
ib

ut
io

ns
What forces matter most on what scales?

Gravity

Outflows/Winds

“Turbulence”

Radiation

B-Fields

Warning to Theorists: 
This is a schematic, philosophical diagram, 

not data...or even necessarily true, yet.

Thermal Support
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Sample
Taste Tests 
(of Simulations) 
I’ve Enjoyed...

Polarization “Holes”
Padoan et al. 2001

Spectral Correlation Function 
Rosolowsky et al. 1999;

Padoan et al. 2003

Dendrogram Analysis 
of Self-Gravity 

Rosolowsky et al. 2008;
Goodman et al. 2008; 

Kauffmann et al. 2008

Effects of Line-of-Sight 
Temperature Fluctuations 
Schnee, Bethell & Goodman 2006

“Column Temperature”
see Shetty et al. 2008
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+ Several Recent “Taste Tests” (of Simulations) 
by Others...
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COMPLETE Collaborators, 
Summer 2008:

Alyssa A. Goodman (CfA/IIC)

João Alves (Calar Alto, Spain)

Héctor Arce (Yale)

Michelle Borkin (IIC)

Paola Caselli (Leeds, UK)

James DiFrancesco (HIA, Canada)

Jonathan Foster (CfA, PhD Student)

Katherine Guenthner (CfA/Leipzig)

Mark Heyer (UMASS/FCRAO)

Doug Johnstone (HIA, Canada)

Jens Kauffmann (CfA/IIC)

Helen Kirk (HIA, Canada)

Di Li (JPL)

Jaime Pineda (CfA, PhD Student)

Erik Rosolowsky (UBC Okanagan)

Rahul Shetty (CfA)

Scott Schnee (Caltech)

Mario Tafalla (OAN, Spain)

COordinated Molecular Probe Line Extinction Thermal 
Emission Survey of Star-Forming Regions=
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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 

Optical image (Barnard 1927)

Perseus
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AstroMed@

3D Viz made with VolView

Perseus
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L1448 in p-p-v space

Volume Rendering/Movie created by Nick Holliman (U. Durham) & Michelle Borkin (Harvard/IIC).
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Tasting
L1448
(The Role 
of Gravity)

Figure from Goodman et al. 2008, Nature, submitted.

See also Jens Kauffmann’s Poster, #14
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Simulation Synthetic Data

Nature

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
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Static visualization created by Jens Kauffmann using 3D Slicer; See his poster, #14, for more on L1448.
Volume Rendering/Movie created by Nick Holliman (U. Durham) & Michelle Borkin (Harvard/IIC).

L1448 
in p-p-v 
space
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Dendrograms
1.20
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0.30
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l

local max

local max

local max

merge

merge

1-D: points; 2-D closed curves (contours); 3-D surfaces enclosing volumes
see demo at http://aerial.client.fas.harvard.edu/~nessus/dendrostar/

Thursday, April 30, 2009



Value of Dendrograms

Yellow highlighting= “self-gravitating”

“Self-gravitating” here just means αvir (=5sv2R/GMlum) < 2
(à la Bertoldi & McKee 1992)

Rosolowsky et al. 2008 (ApJ); 
Goodman et al. 2008 (Nature, submitted)

Thursday, April 30, 2009



CLUMPFIND vs. Dendrograms: L1448

“CLUMPFIND”

Dendrograms
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CLUMPFIND vs. Dendrograms: Synthetic Data

“CLUMPFIND”

Dendrograms
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Pick an exponent, any exponent...

CLUMPFINDing in the Full Perseus 13CO Map; Pineda et al. 2008
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Value of Dendrograms

Simulation (Padoan et al.)

Observations (COMPLETE)
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CLUMPFIND vs. Dendrograms: L1448

“CLUMPFIND”

Dendrograms
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Taste-Testing Gravity
Simulation Synthetic Data

Nature

Observing System

Synthetic 
Observing 
System

Radiative 
Transfer 

(+Chemistry) 
Code(s)

Observed Data

Taste 
Tests

Enabled
Indirectly

Sample Taste Test
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A tasty 
challenge 

from Frank 
Shu...
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Sky “x” (Right Ascension)

Either Algorithm is an Example of Tasting in Observational-Space 

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

Ta
st

e 
Te

st
s
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Clarifying the Shopping List(s)

 Region Type  

“Sparse”
“Dense”

Structure 
Identification

Space
p-p (2D)

 p-p-p (3D, theory only) 
p-p-v (3D)

Chemistry
Nature (Observed)
“Synthetic, Faked”

 “Synthetic, Modeled” 

Population Pre-stellar cores Cores with stars

Nearly all combinations can be imagined, and tasted.
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New tasty treats for sale by observers...
(to start discussion)

Column density “PDFs” and regional variations 
thereof (Goodman et al. 2008)

Polarimetry from galactic to core scales (see Li et al. 
2008)

Large-scale Surveys of Core Properties (Pipe: Alves, 
Lada et al.; Perseus: Foster et al. 2008; Enoch et al. 2007; 
several others)

Early Radial Velocity Surveys of Stars (e.g. Furesz et 
al. 2008)
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Which measure of Column Density gives the “Truest” Taste?
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Regional Variations
within Perseus
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Goodman, Pineda & Schnee 2008; Pineda et al. 2008
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Galactic B-Field “Anchored” in Clouds?

Hua-bai Li, Goodman, Hildebrand & Novak 2008 in prep.
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The Lure of the Pipe... will too much 
smoking dull your taste buds?

R-band Polarization from 
F. Alves, Franco & Girart 2008 

Mass Functions from 
J. Alves, Lombardi & C. Lada 2007 
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Exquisite new studies of dense 
core properties...   +maps (not shown)

Foster et al. 2008; GBT NH3 study; Derived from Rosolwosky et al. 2008 

The
 M

os
t M

as
siv

e a
re 

“Bou
nd

”?
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Radial Velocity Study of Orion (Furesz et al. 2008)
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My notes for the focus group...

(When) is the “clump mass spectrum” well-defined?  
How does 2D relate to 3D?  
Are other measures (e.g. dendrograms, wavelets) safer? 

Further study of p-p-p to p-p-v (e.g. Ballesteros-Paredes et al., 
Rowan Smith et al., Ostriker et al.)

Angular momentum (define metrics)

B- Field structure (HARD to simulate polarization correctly.)

Cloudshine (could be a big winner, very high-resolution)

The future: analyses of time and temperature variation

...and I will, if you like,  reveal deep dark secrets of observers (e.g. 
about chopping, interferometry, etc.)
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Emissivity-T Correlations Can Be Fake
Shetty et al. 2008
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“CLUMPFINDing” 
Tasted

Rowan, Bonnell & Smith 2007
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A Dark Secret 
of Observer’s 

Kitchens:
WYSI(N)WYG
What you see is NOT 

what you get
Figure 1: Overview of data avail-
able for one cloud (Perseus) and a 
sample analysis of one dense core 
(in L1451). The top three panels 
show the large-scale datasets and 
the context in which L1451 is 
embedded. We zoom into this 
region on the right and show 
column density cuts every 5 
degrees for a high-resolution 
extinction map and the Bolocam 
thermal emission map, converted 
to the same scale. See text for 
further discussion.

2MASS-based extinction (5' res) 
map of Perseus with IRAC-based 
extinction contours (2' res) overlain

Column density derived 
from IRAS and MIPS 
images (40" res)

Bolocam intensity 
map (31" res)

GNICER ground-based 
extinction (90" res)

Bolocam thermal 
emission (31" res)

B5

IC348

B1

NGC1333

L1448

L1451

L1455

1 degree

1 degree 1 degree

10 arcmin
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A Challenge for the Next Round 
of Cooking
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Perseus Outflows

Initial results:
• 32 new potential outflows

12CO Perseus

Red Shifted points

Blue Shifted points

HH Objects

IRAS Sources

Known Outflow Sources

New outflows

Known outflows

Many small known outflows

Outflow extensions

Borkin, Arce, & Goodman 2008 in prep

• 9 potential new shells

New shells

• 8 known outflows extended
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~1.5 pc~4.5 pc

~0.3 pc

Spitzer (MIPS) View

c2d MIPS (24μm) maps of Perseus
Rebull et al.  2007
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Preliminary Numbers say 
Shells are Much MORE Important than Outflows

Borkin, Arce, & Goodman 2008 in prep
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Background: Jonathan Foster, CfA/COMPLETE Deep Megacam Image of West End of Perseus
Insets: Foster & Goodman 2006, Calar Alto JHK

Cloudshine:
(Problem for JWST)
Opportunity for Fine Dining...
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2006

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

Foster & 
Goodman 

2006
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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
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Background: Jonathan Foster, CfA/COMPLETE Deep Megacam Image of West End of Perseus
Insets: Foster & Goodman 2006, Calar Alto JHK

Cloudshine gives us a path to (much) higher-
resolution column density maps
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Which “stars” “form” from what gas, when?
Fi

gu
re

 C
re

di
t: 

Jo
na

th
an

 F
os

ter
 

L1448
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Topology of 
Stellar 

Distributions

e.g. Schmeja & 
Klessen 2006 
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