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Column Temperature

And, the value of calibrating emission with extinction...
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Yes, Column
Density
Distribution
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PrObIem cf. 2ZMASS results of Alves, Kainulainen, Lada, Lombardi et al.




...Justin Bieber, and the IMF, can be lognormal too...

“lognormal” (but...) |
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and so is any multiplicative random process.

see Beaumont et al. 201 |, and http://www.ifa.hawaii.edu/users/beaumont/histograms/index.html
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Extinction Mappin
NICE, NICER, NICEST, GNICER| GNICEST (and CS!)|

THE AsTROPHYSICAL JOURNAL, 674:831-845, 2008 February 20
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HUNTING GALAXIES TO (AND FOR) EXTINCTION

. 1 s ey 1,2 1 = 3 o 2
JoNATHAN B. FosTer,” CArRLOS G. ROMAN-ZUNIGA, "~ ALyssa A. Goopman, ErizaBetH A. LApA,” AND JoA0 ALVES

Received 2007 September 1; accepted 2007 October 28

ABSTRACT

In studies of star-forming regions, near-infrared excess (NIRX ) sources— objects with intrinsic colors redder than
normal stars—constitute both signal (young stars) and noise (e.g., background galaxies). We hunt down (identify)
galaxies using near-infrared observations in the Perseus star-forming region by combining structural information,
colors, and number density estimates. Galaxies at moderate redshifts (z = 0.1-0.5) have colors similar to young stel-
lar objects (YSOs) at both near- and mid-infrared (e.g., Spitzer) wavelengths, which limits our ability to identify ‘
Y SOs from colors alone. Structural information from high-quality near-infrared observations allows us to better MIPS BOIF’cam
separate YSOs from galaxies, rejecting two out of five of the YSO candidates identified from Spitzer observations of
our regions and potentially extending the YSO luminosity function below K of 15 mag where galaxy contamination [EESIREES
dominates. Once they are identified we use galaxies as valuable extra signals for making extinction maps of molecular S
clouds. Our new iterative procedure, the galaxies near-infrared color excess method revisited (GNICER), uses the - Bolo- 41"3;:-:“
mean colors of galaxies as a function of magnitude to include them in extinction maps in an unbiased way. GNICER =
increases the number of background sources used to probe the structure of a cloud, decreasing the noise and increas- 'R
ing the resolution of extinction maps made far from the galactic plane.

Subject headings: dust, extinction — galaxies: fundamental parameters — ISM: structure -
stars: pre—main-sequence .S

Online material: color figures

JGNICEST

Foster et al. 2008;
Beaumont et al. 201 | (for “CS”)



Where and when does gravity matter?

And, is the virial theorem over-used?

LETTERS

W Self-gravitating
leaves

CLUMPFIND segmentation

\e
<)

0

Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to >CO emission from the L1448
region of Perseus. a, 3D visualization of the surfaces indicated by colours in
the dendrogram shown in c. Purple illustrates the smallest scale self-
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green corresponds to the surface in the
data cube containing all the significant emission. Dendrogram branches
corresponding to self-gravitating objects have been highlighted in yellow
over the range of T,,;, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x—y locations of the four ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations show position—position—velocity (p—p—v) space.
RA, right ascension; dec., declination. For comparison with the ability of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. As ‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (aand b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown in
Fig. 1, and velocity with respect to the Local Standard of Rest increases from
front (—0.5kms ') to back (8 kms ™).

data, CLUMPFIND typically finds features on a limited range of scales,
above but close to the physical resolution of the data, and its results can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set® can be used to
show either that the frequency distribution of clump mass is the same
as the initial mass function of stars or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees™
were proposed as a way to characterize clouds’ hierarchical structure

NATURE|Vol 457|1 January 2009

using 2D maps of column density. With this early 2D work as inspira-
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p—p-v) data cube into
an easily visualized representation called a ‘dendrogram’'®. Although
well developed in other data-intensive fields'"'?, it is curious that the
application of tree methodologies so far in astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency’.

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max-
ima of emission merge with each other, and its implementation is
expl - i ot S .
de

virial theorem over-used?

Dangers of p-p-v “observer” space

Perils of CLUMPFIND

Benefits of Dendrograms

Test level

v
Local max

Merge

Local max

Intensity level

Merge

l—— Branch ——g

—Trunk —4

S

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (black). The dendrogram (blue) can be constructed by
‘dropping’ a test constant emission level (purple) from above in tiny steps
(exaggerated in size here, light lines) until all the local maxima and mergers
are found, and connected as shown. The intersection of a test level with the
emission is a set of points (for example the light purple dots) in one
dimension, a planar curve in two dimensions, and an isosurface in three
dimensions. The dendrogram of 3D data shown in Fig. 2c is the direct
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would

IS the virial theorem over-used?

Possible to Determine Nature of Clumps

Possible to
rmine Nature of Clumps

>< J

Simple Structure
(Simple Sphere)

omplex Structure
Highly Filamentary)

Cloud Structure

Figure 7. Schematic diagram indicating how the consideration of more complex
physics is possibly required to reliably assess whether structures in molecular
clouds are bound or not. The abscissa represents the level of complexity in
the cloud, from a relatively simple sphere to a highly filamentary cloud. The
ordinate represents the physical process considered in the analysis. The circle

require four dimensions. and cross represent cases we have considered in this work.

©2009 Macmillan Publishers Limited. All rights reserved

Goodman et al. 2009

64

Shetty et al. 2010
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Value of High-Dimensional Visualization and “Taste-Testing”...
b-p-v space, and more...

“KEITH” “PERSEVS”
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Where and when does gravity matter?
And, is the virial theorem over-used?
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to >CO emission from the L1448
region of Perseus. a, 3D visualization of the surfaces indicated by colours in
the dendrogram shown in c. Purple illustrates the smallest scale self-
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green corresponds to the surface in the
data cube containing all the significant emission. Dendrogram branches
corresponding to self-gravitating objects have been highlighted in yellow
over the range of T,,;, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x—y locations of the four ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations show position—position—velocity (p—p—v) space.
RA, right ascension; dec., declination. For comparison with the ability of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. As ‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (aand b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown in
Fig. 1, and velocity with respect to the Local Standard of Rest increases from
front (—0.5kms ') to back (8 kms ™).

data, CLUMPFIND typically finds features on a limited range of scales,
above but close to the physical resolution of the data, and its results can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set® can be used to
show either that the frequency distribution of clump mass is the same
as the initial mass function of stars or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees™
were proposed as a way to characterize clouds’ hierarchical structure
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using 2D maps of column density. With this early 2D work as inspira-
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p—p-v) data cube into
an easily visualized representation called a ‘dendrogram’'®. Although
well developed in other data-intensive fields'"'?, it is curious that the
application of tree methodologies so far in astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency’.

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max-
ima of emission merge with each other, and its implementation is
expl - i ot S .
de

IS the virial theorem over-used?

Possible to Determine Nature of Clumps

virial theorem over-used?

Dangers of p-p-v “observer” space

Perils of CLUMPFIND

Possible to
rmine Nature of Clumps

Benefits of Dendrograms

Test level

v
Local max

Merge

Local max

= S

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (black). The dendrogram (blue) can be constructed by
‘dropping’ a test constant emission level (purple) from above in tiny steps
(exaggerated in size here, light lines) until all the local maxima and mergers
are found, and connected as shown. The intersection of a test level with the
emission is a set of points (for example the light purple dots) in one
dimension, a planar curve in two dimensions, and an isosurface in three
dimensions. The dendrogram of 3D data shown in Fig. 2c is the direct
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation

e PTesenting dendrograms for 3D data cubes would

A~

Intensity level

l—— Branch ——g

—Trunk —4

>< J

omplex Structure

Highly Filamentary)

Simple Structure
(Simple Sphere)

Cloud Structure

Figure 7. Schematic diagram indicating how the consideration of more complex
physics is possibly required to reliably assess whether structures in molecular
clouds are bound or not. The abscissa represents the level of complexity in
the cloud, from a relatively simple sphere to a highly filamentary cloud. The
ordinate represents the physical process considered in the analysis. The circle
and cross represent cases we have considered in this work.

Shetty et al. 2010
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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

What would CLUMPFIND do?

No hierarchy is allowed, all clumps go to the baseline.
(Williams, De Geus & Blitz 1994)
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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 5¢ 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 upcn diamonds and filled circles, respectively. Panels (¢) and (d) show the exponent of the fitted mass spectrum of clumps above
the mmplglgm ss limit, dN /dM o« M ™, with error bars estimated from Equation (6). Hmi/unlul black lines show some fiducial exponents for cmnp;u‘ixon. Average
noise in *CO, "*CO with added noise, and SCUBA data is 0.1 K, 0.2 K, and 0.06 Jy beam™ IL\pCdl\Ll\ C umplumu\ limit is estimated to be 4 My, 3 My, and
0.6 M, for 13CO, 3CO with added noise, and SCUBA data. Panel (¢) also shows that for different noise level in the data, if a threshold of ~2 K (200 .uul 100 for
nrigin.ll 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 et al. 2009
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using 2D lumn density. With this early 2
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p-p-v) data cube into
an casily visualized representation clled adendrogram’™. Athough
well developed in other data-intensive fields'*, it is curious that the

and almost exclusively within the area of galaxy evolution, where
“merger trees' are being used with increasing frequency’

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max
ima of emission merge with each other, and its implementation s
explained in Supplementary Methods. Critically, the dendrogram is
dker R T e RS
sensitivity to algorithm parameters. To make graphical presentation
possible on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
cross, which eliminates dimensional information on the xaxis while
preserving all_information about connectivity and hierarchy.
Numbered billiard ball’ labels in the figures let the reader match

n a 2D map (Fig. 1), an interactive 3D map (Fig. 2a
online) and a sorted dendrogram (Fig. 20).
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of key physical properties associated with volumes bounded by iso-
urfaces, such as radius (), ispersion (7,) and luminosit
(L). The volumes can have any shape, and in other work'* we focus on
the significance of the especially elongated features seen in L1448
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dendrogram of the CLUMPFIND scgmentation (b), with the same four
labels used in Fig. 1 and in a. As ‘clumps’ are not llowed to belong to larger
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ravity-free HD Simulations from Padoan et al. 2006;

analysis from Rosolowsky et al. 2008, Goodman et al. 2009

both lines derived from '3CO “observations”




TaSte-TeSti ng." Value of Tasting Dust & b-TI

small amounts of ’ \

noise cause large
problems (and
spurious b-T

anticorrelation)

Shetty et al. 2009q, b; and see improved SED analysis method upcoming in Kelly et al. 201 | (in prep.)
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Figure 2. Three-dimensional rendering of the molecular gas in BS (i.e., Area
VI in Figure 1), using 3D Slicer. The gray (green) isosurface model shows the
12CO emission in position—position—velocity space. The small circles show the

locations of identified high-velocity points (with the color in the online version
representing whether the point is blue- or red-shifted).

Arce et al. 2010, 201 |
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Cores in and out of clusters

NOT so different! |( Once cores are “ungrouped”...)

| Perseus Data but Clustg#

L (Jijino,1999)

U'J:cv'rcl O"L:F —thermo O", ermo

g

non—thermal/

Figure 12. Median and quartile log (M,;. /M) VS. Oponthermal / Othermal fOr the four different subsamples of objects as in Figure 4 from Jijina et al. (1999). On the left,
the Jijina et al. (1999) results (IRAS point sources were used as a proxy for protostellar), which span a much larger range in both axes and exhibit more separation
between classifications than our Perseus data. Cores in Perseus from the Jijina et al. (1999) database are typically more massive. We zoom into our data on the right,
illustrating that our different classes of objects largely overlap in this diagram.

Foster, Rosolowsky, Kauffmann, Pineda, Borkin, Caselli, Myers & Goodman 2009; using NH3 survey of Rosolowsky et al. 2008
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Figure 1. Left panel: integrated intensity map of BS in NH3 (1,1) obtained with GBT. Gray contours show the 0.15 and 0.3 Kkm s~! level in NH3 (1,1) integrated
intensity. The orange contours show the region in the GBT data where the non-thermal velocity dispersion is subsonic. The young star, B5-IRS1, is shown by the star
in both panels. The outflow direction is shown by the arrows. The blue contour shows the area observed with the EVLA and the red box shows the area shown in the
right panel. Right panel: integrated intensity map of B5 in NH3 (1,1) obtained combining the EVLA and GBT data. Black contour shows the 50 mJy beam ™! kms™"
level in NH3 (1,1) integrated intensity. The yellow box shows the region used in Figure 4. The northemn starless condensation is shown by the dashed circle.
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(b-p-v structure of the) B5 region in Perseus
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— COMPLETE data: '3CO from Ridge et al. 2006; NH; from Pineda et al. 2010




(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; NH; from Pineda et al. 2010




SLOW Motion|

of cores with respect to clouds
of young stars with respect to cores
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FiG. 13.— Volume density contours of the YSOs in Ophiuchus (fop panel ), Perseus (bottom panel ) shown on top of extinction maps ( gray-scale) based on the c2d data
(Evans et al. 2007). In both panels the black contours indicate the volume densities corresponding to 0.125, 0.25, 0.50, 2.0, and 4.0 M, pc >. The blue contours show
volume densities of 1 M. pc 3, corresponding to the criterion (1 x LLO3 in the text) for identifying clusters suggested by Lada & Lada (2003) and the yellow contours to volume
densities of 25 M., pc (25 x LLO03 in the text). The red dots show the locations of the YSOs and the green plus signs the locations of the SCUBA cores in the two clouds.

Jorgensen et al. 2008




Density and Column Density Thresholds for Star Formation

Way more complicated than they seem...l

—_—)
==

Johnstone
et -al. 2004

~ high-mass stars

Heiderman
etal 2010

1.00
Effective Radius [pc]




Value of Open Access to Large Data Sets
Yes, | do mean you...

e e e e e e o ile_Int ility
o »
] b
P b
k Latest Results Shopping Basket | Lo gin/Register
4 »
J % Not Logged In dle
J uery Specification
Lt o
; 4 uery
4 »
. A SortCriteria| | Observation Start Time & | |SortOrder| Ascending
. Py
" D (e
&
3 File with Observation ID List
J b
D F 4

CCCCC

~900 citations,

|0% to data paper...
H-index of |/,

normalized H-index=
(17 papers)/
(5 years since data paper) ]

‘ Observer
= N
® [ R S $ U090 | |AORlabel
Open g
g SR ITS 71‘-> e I TS BT 4 P BT A'-‘ o R e s S e "‘

Proprietary status| | Any

Proposal ID

OPEN
ACCESS

Note: | own “universe3d.org”-let me know if youd like to contribute.



Open Access is GOOD'

OgERZ. L Casem b
Mt 5

<

.

Sk o

wak | A
- :
ansen, L
> ¥

Moman §
Spenkogl, s o\

Baran, M

Do, S

nomman, v~ . Lecon r

Noedianc. A D@k, G s u..men:J N £
MoRde. 4

“Bung L. Sate, '
v A ARRL S :
_.%ww,, w Y™
‘:“\. b

://labs.adsabs.harvard.edu/ui/



http://labs.adsabs.harvard.edu/ui/
http://labs.adsabs.harvard.edu/ui/

YELLOW? —
(What I've learned...) __e me more...
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What I'm (still) thinking about: B, g, accrete where you are!
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