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



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, et al.)

Optical image (Barnard 1927)

Perseus
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Just click on “Data” at 
www.cfa.harvard.edu/COMPLETE

http://www.cfa.harvard.edu/COMPLETE
http://www.cfa.harvard.edu/COMPLETE


Data Retrieval
www.cfa.harvard.edu/COMPLETE

“1. Interactive Coverage Tool”

for 
Phase I Data Summary: 
See Ridge et al. 2006

http://www.cfa.harvard.edu/COMPLETE
http://www.cfa.harvard.edu/COMPLETE


Data Retrieval
www.cfa.harvard.edu/COMPLETE

2.  Special Ammonia Tool
(for Rosolowsky et al. 2007 survey)

http://www.cfa.harvard.edu/COMPLETE
http://www.cfa.harvard.edu/COMPLETE
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Dust: Spitzer c2d data, as shown in Schnee, Li, Goodman & Sargent 2007
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In What Dust Environment(s) are the NH3 Cores? 
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Dust: Spitzer c2d data, as shown in Schnee, Li, Goodman & Sargent 2007; Cores: Rosolowsky et al. 2007.



Perseus Core 
Temperatures 

from NH3: 
Slightly Warmer in 

Clusters 
& 

No Strong 
Correlation of Gas 
Temperature with 
Dust Temperature

Schnee, Rosolowsky, Foster, Enoch & Sargent 2007

Red=not in clusters
Blue=in clusters



Promised in August: 
“Five Course Meal” +

More about Taste Tests 
(from Rahul, in a bit)
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Promised in August: 
“Five-Course In-House Meal”

1. Column density is log-normal-ish on 10’s of pc scales

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

3. Scattered light (“Cloudshine”) is potentially a GREAT way to 
improve resolution of dust maps, and potentially a big headache 
for JWST

4. Plane-of-the-Sky Temperature Maps, even carefully made, are 
deceiving due to l.o.s temperature variations

5. Stellar Distribution may be useful in figuring out which stars 
form when & where, but observational biases are CENTRAL 
(...see Neal’s talk, yesterday!)



1. Column density is log-normal-ish on 10’s of pc scales
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Goodman, Pineda & Schnee,2007; see also Pineda, Caselli & Goodman 2007.
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Recalibration of IRAS/IRIS
data to match 2MASS Extinction

Schnee et al. 2005
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Goodman, Pineda & Schnee,2007; see also Pineda, Caselli & Goodman 2007.

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



400

300

200

100

0

 N
um

be
r

log (Equivalent AV [mag])

 13CO
lognormal fit

to 13CO
 W(13CO )

400

300

200

100

0

 N
um

be
r

 2MASS/NICER

lognormal fit to
2MASS column density

(all panels)

400

300

200

100

0

 N
um

be
r

1.00.50.0

 IRAS

lognormal fit to
IRAS column density

Implied Column Density Distributions and lognormal Fits
(Perseus COMPLETE data)

Intermediate 
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, that’s not 
all...



“Bias & 
Uncertainty”: 

A Never-
ending 

Challenge

Goodman, Schnee, Pineda, Ridge 2007;  see also Pineda, Caselli & Goodman 2007.
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Detailed Correlations, 
and that Pesky Shell
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Goodman, Schnee, Pineda, Ridge 2007;  see also Pineda, Caselli & Goodman 2007, and Ridge et al. 2006 shell paper.

Warm, dense ring, 13CO missing, 
and NIRAS too high

Hot, tenuous interior, 13CO only sees 
cold stuff (OK) and NIRAS too low 
(b/c of local high T)



Regional Variations
are Significant

(and predicted, with meaning,
see Vazquez-Semadeni 1994)
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Goodman, Pineda & Schnee,2007; see also Pineda, Caselli & Goodman 2007.



4. Plane-of-the-Sky Temperature Maps, even carefully made, are 
deceiving due to l.o.s temperature variations



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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Schnee, Bethell & Goodman 2006
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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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MHD Simulation+Radiative Xfer Code 

100/240 micron

Schnee, Bethell & Goodman 2006
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MHD Simulation+Radiative Xfer Code 

100/240 micron

Schnee, Bethell & Goodman 2006
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With Realistic Noise
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3. Scattered light (“Cloudshine”) is potentially a GREAT way to 
improve resolution of dust maps, and potentially a big headache 
for JWST



2006

COMPLETE Extinction Mapping Bonus #1:

“Cloudshine”=Scattered Ambient Starlight



Tasting a Very Simple Recipe

Foster & 
Goodman 

2006



Tasting a Turbulence Theorist’s Recipe

Padoan et al. 2006

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

Simulation

“Cloudshine” 
Scattering 

ModelH-band 
flux only



Tasting a Turbulence Theorist’s Recipe

Padoan et al. 2006

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

Recovered map

Simulation

“Cloudshine” 
Scattering 

ModelH-band 
flux only



COMPLETE Extinction 
Mapping Bonus #2: 

Hunting 
Galaxies to 
(and for) 
Extinction

see Foster 
et al. 2007



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



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



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



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



position-postion-velocity is NOT the same as
position-position-position-velocity-velocity-velocity
cf. Ostriker, Stone & Gammie 2001

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)



position-postion-velocity is NOT the same as
position-position-position-velocity-velocity-velocity
cf. Ostriker, Stone & Gammie 2001

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)

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



position-postion-velocity is NOT the same as
position-position-position-velocity-velocity-velocity
cf. Ostriker, Stone & Gammie 2001

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)



position-postion-velocity is NOT the same as
position-position-position-velocity-velocity-velocity
cf. Ostriker, Stone & Gammie 2001

....ask me later about 12CO & Outflows; see Borkin, Arce & Goodman 2007



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

....ask me later about 12CO & Outflows; see Borkin, Arce & Goodman 2007



2D View of L1448: Cloudshine + Integrated 13CO 

Foster & Goodman 2006; Goodman et al. 2007



Sky “x” (Right Ascension)

(Dendro)Surfaces “CLUMPFIND”

work of Rosolowsky, Foster, Pineda, Kauffmann, Borkin,Padoan, Halle & Goodman; 
figures based on Foster & Goodman 2006; Goodman et al. 2007

Sky “y” (D
eclination)

Velocity

What’s at issue?



Dendrograms



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

Goodman, Rosolowsky et al. 2007, submitted to Nature.



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

Goodman, Rosolowsky et al. 2007, submitted to Nature.



step 0.3 step 0.5
threshold 0.3

threshold 0.5

threshold 0.7

Is CLUMPFIND OK as a Statistic?

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? 

Pineda, Goodman & Rosolowsky 2007
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5. Stellar Distribution may be useful in figuring out which stars 
form when & where, but observational biases are CENTRAL 
(...see Neal’s talk, yesterday!)



Which “stars” “form” from what gas, when?
Fi
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L1448
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The Innards of L1448

Visualization 
created by Jens 
Kauffmann (CfA/
IIC) using 3D Slicer

Can we 
understand it 
all in context?

(e.g. Kauffmann et al. 
2007 “Anatomy of 
L1448”)
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COordinated Molecular Probe Line Extinction Thermal 
Emission Survey of Star-Forming Regions=


