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FYI:*“Accounting” won’t work

NATIONAL BESTSELLER For something to exist, it has to be observed.

o 1 lf“ f_ AR For something to exist, it has to have a position in time

i W

and space.

And this explains why nine-tenths of the mass of the uni-
verse is unaccounted for.

Nine-tenths of the universe is the knowledge of the posi-
tion and direction of everything in the other tenth. Every
atom has its biography, every star its file, every chemical
exchange its equivalent of the inspector with a clipboard. It
is unaccounted for because it is doing the accounting for
the rest of it, and you cannot see the back of your own
head.*

*Except in very small universes.

Time stops for no one. .. until now, that is.
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adjective chiefly Philosophy
characterized by comprehension of the parts of

something as intimately interconnected and
explicable only by reference to the whole
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20 cm VLA from MAGPIS (Helfand et al. 2006) & MIR from Spitzer GLIMPSE (see Churchwell et al.)

"

m 0.1

S :

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)



C®NPLEIES

-,
»
.

Codadly

¥

Oy TR
e

| \"&‘ 2 Sl NI ‘;%35_\}'\ A :
H 0 - A ..b| N 2 . 5
R B R A A

COMPLETE Collaborators,
2010:

Alyssa A. Goodman (CfA/IIC)
Joao Alves (Vienna)

Héctor Arce (Yale)
Michelle Borkin (Harvard SEAS/IIC)

<

Paola Caselli (Leeds, UK)

James DiFrancesco (HIA, Canada)
Jonathan Foster (B.U.)

Mark Heyer (UMASS/FCRAOQO)
Doug Johnstone (HIA, Canada)
Jens Kauffmann (JPL/Caltech)

spoed
¥

)

Helen Kirk (CfA)

Di Li (JPL/Caltech)

Stella Offner (CfA)

Jaime Pineda (CfA, PhD Student)
Thomas Robitaille (CfA)

Erik Rosolowsky (UBC Okanagan)

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

Rahul Shetty (ITA Heidelberg)
Scott Schnee (HIA Victoria)
Mario Tafalla (OAN, Spain)

\v




Extrasolar System

N~
S
S
N
©
©
©
-~
L}
IS
&
Q
S
S
3
8
=
<

Circumstellar Disk

Stellar Mass

SSeW >89 JO siels JO JaquinN

/

/

“Globule”

*

‘--S‘vta’r s

. =

.. / /.

=

- 4 > s - ¥

< T R

’; LN 5
" 4 0 -

Star-Formin

e - 3 %
B ; .
it - P e -

i ’

*

Star (and Planet, and Moon) Formation 301




Dimensions: 40000. AU

Our Goal is to “Taste’ Star

Withou
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Matthew Bat‘
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An Exemplar Dissection

A role for self-gravity at multiple length scales in the
process of star formation

Goodman, Rosolowsky, Borkin,
Foster, Halle, Kauffmann &
Pineda 2009, Nature, 457, 63.
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“COMPLETE” “3D PDF” caveats
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“Cloudshine”

“pre-stellar core”
“protostar”

“integrated
intensity”

“L1448”

“COMPLETE”

“column
density”
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“Cloudshine” ¢/

O “pre-stellar core” | .

...compact
thermal dust peak

% “protostar” ¢/

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

“integrated
intensity”
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IRAS: Av/Temp Maps
FCRAO: 12CO

FCRAO: 13CO
JCMT: 850 microns

Spitzer ¢2d: IRAC 1,3 (36,58
pm)

Spitzer c2d: IRAC 24 (45,8 pm)
CSO/Bolocam: 1.2-mm

Spitzer MIPS: Derived Dust Map

IRAM 30-m: N2H+ and C180
IRAM 30-m: 1.1-mm continuum

Megacam/MMT: ri,z images

NH3 Pointed Survey

Y SO Candidate list (c2d)

To explore on your own, go to

http://www.cfa.harvard.edu/COMPLETE/, then click on = ¥

Many thanks to Jonathan Foster, Gus Muench & Jonathan Fay (MSR/IWWT team) for these tools!

COMPLETE Data Available

Full-Cloud Data (Phase I, All Data Available)
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Targeted Regions (Phase I, Some Data Not Yet Avallable)
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and choose to see the Interactive Coverage Tool
in either Google Sky or WorldWide Telescope.

VA
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http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html

Declination [J2000, Degrees]

)
o}
I}
2
o)
o}

o

=3

S

S

I

juc
o

o
=
©

£

©
o}
o

Declination [J2000, Degrees]

Column Density in

Dust Emission (IRAS)

Ling, Emissiore( 33(‘}

-
N

. 400
8 g %

. 2 3 300

- E 200
’ >

100

0

] 400

: 3 300

d E 200
zZ

100

0

] 400

: 3 300

d E 200
zZ

100

0

Perseus, Measured 3 Ways

N ole: / 03 —-no/‘/)'ld/

colurn dens iiy /S

. /Ol‘eo//‘cz(ea/ Ay
Curbetlence

2MASS/NICER Zheory.

IRAS

13CO

0.0 0.5 1.0
log(Equivalent A, (mag))

Goodman, Pineda & Schnee 2009, see also Pineda, Caselli & Goodman 2008



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... But we can measure...

7 This is called

v, only from E'p."‘, or
position-
maps” position-velocity”
space.

“spectral-line




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

_ Spectral Line Observations

| dimension

Mountain Range No loss Of
information



Astronomical Visualization Tools are Traditionally 2D
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mm peak (Enoch et al. 2006)

. CS®MNPLETE Perseus . 0

liew size; 1305 x 733 O
/L: 63 WW: 127

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

mid-IR IRAC composite

from c2d data (Foster,
Laakso, Ridge, et al. in prep.)

Optical image (Barnard 1927)



“Astronomical Medicine”

“KEITH” “PERSEVS”

mage ske S0 x 274 thiteenl0_ 259
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(This kind of “series of 2D slices view” is known in the Viz as‘“the grand tour”) 25
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3D PDF caveats
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Figere 3 Schematic Bustration of the dendrogram process. S
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“depletion,
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“Dendrogram” taste-test

V“3D PDF” caveats
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Intensity level

Dendrograms

local - max
test level “
Y
©
local max Q
Y
@®
merge ()
local-max S
S
j .
HCE O
L)
merge

mtrink

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



Dendrograms

intensity level

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



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

AlA

The Astronomical Medicine Project

The DendroStar Applet for L1448: Try me!

Harvard 1IC Home

AM Project
overview
what's new?
press

about us
contact us

Resecarch
background
projects
papcers
images
movies

Software

overview

Slicer: getting started
Slicer 3

fits 2itk

OsinX

DendroStar

Links

Center for Astrophysics
COMPLETE Survey
Surgical Planning Lab
3D Slicer

related projects

User
Login

Search

Search

Applet DendroStar started

DendroStar

applet - NC/AstroMed

+ Y hup://am.iic.harvard.edu/index.cgi/DendroStar/applet

=

Zic)

http://am.iic.harvard.edul/index.cgi/DendroStar/a
Dendrogram Algorithm by Erik Rosolwosky; Applet by Douglas Alan

-

Initiative In Innovative Computing at Harvard

¢ Q- astronomical medicine

et

VPO

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?

No hierarchy is allowed, all clumps go to the baseline.
(Williams, De Geus & Blitz 1994)
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Thas mteractive 3D figure shows the result of the dendrogram hierarchical feature-identification algonthm apphed to a data cube
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pink shows the smallest regions that contam distinct self-gravitating sub-regions, and green depicts all regions with significant
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with many thanks to Mike Halle, Michelle Borkin, Jens Kauffmann & Douglas Alan
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“Crowded” 3D data “Sparse” 2D data
‘yery dangerous) (OK)
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Figure 2. Summary of all Clumpfind runs as a function of stepsize. Color represent different thresholds: blue, red, and green for 3o, 5o, and 7o, respectively: we
also show in orange results with a threshold of 5o for '*CO data with added noise. Left and right columns show results for '*CO and SCUBA data, respectively.
Panels (a) and (b) show the number of clumps under a given category per model. Total number of clumps found, and total number of clumps with mass larger than
the completeness limit are shown in open diamonds and filled circles, respectively. Panels (¢) and (d) show the exponent of the fitted mass spectrum of clumps above
the completeness limit, dN /dM o« M ™, with error bars estimated from Equation (6). Horizontal black lines show some fiducial exponents for comparison. Average
noise in '*CO, '*CO with added noise, and SCUBA data is 0.1 K, 0.2 K, and 0.06 Jy beam™", respectively. Completeness limit is estimated to be 4 Mg, 3 M, and
0.6 My, for 1*CO, 3CO with added noise, and SCUBA data. Panel (c) also shows that for different noise level in the data, if a threshold of ~2 K (20 and 100 for
original and noise-added data, respectively) is used, then the fitted power-law exponents are closer to previous works.

from “The Perils of CLUMPFIND” by Pineda, Rosolowsky & Goodman 2009
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Dimensions: 40000, AU With Radiative Feedback

m' .5

-1.0 0.5 0.0 0.5 1.0
Log Calumn Density [g/em®]

cf. Padoan & Nordlund 2002

Tim
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Matthew Batc.
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Alves, Lombardi & Lada 2007
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How calm, and how long-lasting are cores?
(relevant motions/forces & the “virial parameter’”)

Three main views at present...

shed Competitve
\ \ Accretion

|

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




b-p-v structure of the B5 region in Perseus
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many thanks to Jaime Pineda & Jens Kauffmann for this figure
COMPLETE data: '3CO from Ridge et al. 2006; NH3 from Pineda et al. 2010




STRONG Evidence for Coherence in Dense Cores

greyscale shows NH3 velocity dispersion,

arrows show gradient in dispersion
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GBT NH;: observations of the B5 core, Pineda et al. 2010 ApJL;
more cores show same behavior, Pineda et al. 2010 ApJ paper



Returning to L1448...




Dendrograms & “Self-Gravity”

Yellow highlighting= “self-gravitating”

“Self-gravitating” here just means oir (=50,*R/GMium) < 2
(2 la Bertoldi & McKee 1992)

Rosolowsky et al. 2008 (Ap]) &

Goodman et al. 2009 (Nature) see PDE
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A role for self-gravity at multiple length scales in the
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THE POWER SPECTRUM OF SUPERSONIC TURBULENCE IN PERSEUS

“

PAOLO PADOAN,' MIKA JUVELA,” ALEXEI KRITSUK,' AND MICHAEL L. NORMAN'
Received 2006 August 29; accepted 2006 November 6; published 2006 November 30

ABSTRACT

We test a method of estimating the power spectrum of turbulence in molecular clouds based on the comparison
of power spectra of integrated intensity maps and single—velocity-channel maps, suggested by A. Lazarian and
D. Pogosyan. We use synthetic "CO data from non-LTE radiative transfer calculations based on density and
velocity fields of a simulation of supersonic hydrodynamic turbulence. We find that the method yields the correct
power spectrum with good accuracy. We then apply the method to the Five College Radio Astronomy Observatory
'“*CO map of the Perseus region, from the COMPLETE Web site. We find a power-law power spectrum with
slope B = 1.81 £ 0.10. The values of 8 as a function of velocity resolution are also confirmed using the lower
resolution map of the same region obtained with the AT&T Bell Laboratories antenna. Because of its small
uncertainty, this result provides a useful constraint for numerical codes used to simulate molecular cloud turbulence.

~ Subiect headings: 1SM: clouds — ISM: kinematics and dynamics — ISM: structure

—_—

— o a - > \ _/ I I . -‘
- e
™ L4 " vy L3 L b 't. . ! f' 7
= % _.“ . 3 ¥'a || 1

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




The Taste- lesting Process
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Real vs. Simulated 3CO

Tmh ( K)

T, (K)
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| & Self-gravitating leaves

Self-gravitating structures

All structure

(Yellow = self-gravitating components)
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=Ml ” Self-gravitating leaves = N All structure =

(Yellow = self-gravitating components)




Taste-Testing Gravity
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Fraction of Emission in
Self-Gravitating Structures
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Gravity-free HD Simulations from Padoan et al. 2006;
L1448 analysis from Rosolowsky et al. 2008

both lines derived from '3CO “observations”
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A role for self-gravity at multiple length scales in the
formation
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A role for self-gravity at multiple length scales in the
process of star formation

L e
————
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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/VWorries about p-p-v (bijection)
...and the virial parameter

“Environs”’

“Cores’

]

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



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. ) [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...]



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.
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“turbulent fragmentation”™ “L1448” “(magneto-)hydrodynamic

simulation”™
“pre-stellar core” “virial
barameter”
“pbrotostar” ‘e

column

“integrated density
intensity” “turbulent power
spectrum”

“pb-p-v cube” 2 :
PP synthetic

“segmentation” observation
“depletion,
“CLUMPFIND” opacity”

“Dendrogram” taste-test

“COMPLETE” “3D PDF” caveats
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CLUMPFIND vs. Dendrograms: L1448

| & Self-gravitating leaves

8 -

Self-gravitating structures

All structure

(Yellow = self-gravitating components)
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Dendrograms

A The online PDFs of these insets

“CLUMPFIND”




CLUMPFIND vs. Dendrograms: Synthetic Data

Dendrogram Analysis Dend rograms

8 3 Self-gravitating leaves ] f All structure =
BT I (g d
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(Yellow = self-gravitating components)
" The online PDFs of these insets
M&Md:;
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(Purple = CLUMPFIND regions associated with self-gravitating leaves)



Stars disturbing their ancestral ‘homes

Alyssa Goodman. (Harvard-Smithsonian Center for Astrophysics)
Hector Arce (Yale University)
Lawrence Valverde (Harvard College)



Hubble image of the Swan Nebula NATIONAL
Photograph courtesy of NASA/STSCI/Jeff Hester, Arizona State University GEOGRAPHIC


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/

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

Synthetic [Olll], Ha and [NII] emission-line image from a 5125 numerical simulation: Mellema, Henney, Arthur & Vazquez-Semadeni 2009 W



