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The Seamless Astronomy Group at the Harvard-Smithsonian Center for Astrophysics brings
together astronomers, computer scientists, information scientists, librarians and visualization
experts involved in the development of tools and systems to study and enable the next generation of
online astronomical research.

Current projects include research on the development of systems that seamlessly integrate scientific
data and literature, the semantic interlinking and annotation of scientific resources, the study of the
impact of social media and networking sites on scientific dissemination, and the analysis and
visualization of astronomical research communities. Visit our project page to find out more.

Sponsors of Seamless Astronomy include NASA, NSF and Microsoft Research.

Contact us. For inquiries or questions, please email Sarah Block at sblock@cfa.harvard.edu.
Alternatively you can contact or visit us at:

SEAMLESS ASTRONOMY TEAM

HARVARD-SMITHSONIAN CENTER FOR ASTROPHYSICS

60 GARDEN STREET, MS 42

CAMBRIDGE, MA 02138
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The COordinated Molecular Probe Line Extinction Thermal Emission
Survey of Star-Forming Regions

www.cfa.harvard.edu/COMPLETE
tinyurl.com/completepapers
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A True Story

Hope Chen
Brand-new Harvard Grad Student
Project: “"COMPLETE” Ophiuchus
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« All Messages

WISE Image of Rho Oph

Alyssa Goodman
Wed, 28 Sep 2011 at 11:54am

Hi Hope,

In preparing a talk for tomorrow, | “Coogled™ “Star Formation in Ophiuchus,” just to see what would happen.
Amazingly, | found this: http://wise.ssl.berkeley.edu/qgallery rho ophiuchi.html.

Check out the fabulous data we can have from WISE
Best,

Alyssa
Paola Case
Erik Rosolowsky
D L)

Friends of COMPLETE

Hope Chen
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Rho Ophiuchi cloud complex - Wikipedia, the free encyclopedia
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Change location The first brown dwarf to be identfied in a star-forming region was Rho Oph J162349 .8
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Tale: Molecular Tracers of Embedded Star Formation in Ophiuchus

Authors: Melissa Gumey. Rene P ne, Doug Johnstone. (Submitted on 21
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Molecular Tracers of Embedded Star Formation in Ophiuchus. Authors: Gumey, M

Plume, R.; Johnstione, D. Affliation: AA(Centre for Radio Astronomy
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News & Events Education & Qutreach _ For Astronomers

Multimedia Gallery

Check out the WorldWide Telescope

Many objects featured in WISE's infrared images look radically different in visible
can check out these differences yourself by using the WorldWide Telescope (WWT)
also use WWT to compare WISE images to other data sets from missions like Spitzer,

H 2, Chandra or previous infrared surveys. Visualizing WISE images in WWT helps place

hem in their broader context in the sky.

The WorldWide Telescope (WWT) is a free Web 2.0 visualization software environment that
enables your computer to function as a virtual telescope—bringing together imagery from
s best ground- and space-based telescopes for the exploration of the universe.

S
U

the world’

e can be downloaded or used online for free from

w .

WorldWide Telesco

Aa

To Load WISE Images into the WWT:

Download the WISE image onto your computer.

Open WWT. On the bottom of the screen, make sure you are looking at the "Sky” and

have the "Digitized Sky Survey” as the imagery set.

Click on Explore --> Open --> Image, to select the WISE image that you wish to load.
Use the "Image Crossfade” to compare the WISE infrared view with the visible light
vView

You can also compare WISE images with previous infrared surveys (such as IRAS) by
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Finder Scope

‘ Classification:
. Star
in Oohiuchus

Rho Ophiuchi; S Ophiuchi; HR6112;
SA0184382; HD147933; DM
o RA: | 16h25m3Ss Magnitude:
Dec: -23 : 26 : S0 Distance:
Alt: 01 : 22 : 28 Rise:

Az: 235: 51 :12 Transit: 16:37
Set: 21:11

Image Credits:

Copynight DSS Oocm
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Look At
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SAO/NASA Astrophysics Data System

Choosing ADS link gives...

(ADS)

Query Results from the Astronomy Database

Retrieved 200 abstracts, starting with number

# Bibcode
Authors

2011Ap)...738..115D

del Valle, Maria Victoria;

Romero, Gustavo E.; Luque-
Escamilla, Pedro Luis; Marti, Josep;
Ramon Sanchez-Sutil, Juan

201 1Ap)...7 37...96G

Goldsmith, Paul F.; Liseau, René;

1. Total number selected: 439.

Score Date List of Links
Title Access Control Help

1.000 09/2011 A EF
Are T Tauri Stars Gamma-Ray Emitters?

1.000 08/2011 A EF L X

Herschel Measurements of Molecular Oxygen in Orion

Bell, Tom A.; Black, John H.; Chen, Jo-Hsin;

Hollenbach, David; Kaufman, Michael J.;
Li, Di; Lis, Dariusz C.; Melnick, Gary;

COaULNON:

2011Ap)...734...65)
Jenkins, Edward B.; Tripp, Todd M.

2011A)....141..201M
McCleary, ). E.; Wolk, S. J.

2011Ap)...732..101

Ikeda, Norio; Kitamura, Yoshimi

2011AJ,...141,.165A
Abt, Heimut A.

1.000 06/2011 A EF L X D RC S U

Go to bottom of page

Sort options

The Distribution of Thermal Pressures in the Diffuse, Cold Neutral Medium of Our Galaxy. IIl. An Expanded Survey of Interstellar C |

Fine-structure Excitations

1.000 06/2011 A EF L X D R

A Survey of High-contrast Stellar Flares Observed by Chandra

1.000 05/2011 A EF L RC S U

Similarity Between the C180 (J = 1-0) Core Mass Function and the Initial Mass Function (IMF) in the S140 Region

1.000 05/2011 A
The Age of the Local Interstellar Bubble




Starting with ADS Labs gives...

ADS Beta Search

Labs Home ADS Classic

star formation in ophiuchus Astronomy $| SEARCH

Author Firstauthor Title Object Examples

Sort by Explore the field myADS articles Recently viewed articles

Most recent What people are reading
() Most relevant What experts are citing

Most cited Reviews and introductory papers Please login to enable personal content.
Most popular

" The ADS is operated by the Smithsonian Astrophysical Observatory under NASA Grant NNX0SAB339G , N 671
%, ¥ Contact: ads at cfa.harvard.edu or through the feedback form.




ADS Labs
ADS Beta Search

Home Labs Home ADS Classic Sign on

star formation in ophiuchus - Most relevant Top 200 results Viewas... Exportto...
NO FILTERS APPLIED

FILTER BY: . 2008ApJS..181.321E The Spitzer c2d Legacy Results: Star-Formation Rates and
U Efficiencies; Evolution and Lifetimes .
Evans, Neal J., ll; Dunham, Michael M.; Jergensen, Jes K.; Enoch, Melissa L.; Merin, Bruno;
Andre, P (17) van Dishoeck, Ewine F.; Alcala, Juan M.; Myers, Philip C.; Stapelfeldt, Karl R.; Huard, Tracy
Myers. P (10) L.; and 8 coauthors
Montmerle, T (11) The Astrophysical Journal Supplement, Volume 181, Issue 2, article id. 321-350 (2009). Apr 20089

Evaos. N (3) 1998A&A...336..150M The initial conditions of star formation in the rho Ophiuchi main
Luhman, K (8) . . - . .

cloud: wide-field millimeter continuum mapping

Motte, F.; Andre, P.; Neri, R.

Astronomy and Astrophysics, v.336, p.150-172 (1998) Aug 1998
Keywords . 1987IAUS..115....1L Star formation - From OB associations to protostars
Lada, Charles J.
IN: Star forming regions,; Proceedings of the Symposium, Tokyo, Japan, Nov. 11-15, 1985 (A87-45601
20-90). Dordrecht, D. Reidel Publishing Co., 1987, p. 1-17,; Discussion, p. 17, 18. n/a 1987
: 1993AJ....106.2005G The multiplicity of T Tauri stars in the star forming regions
SIMBAD Objects Taurus-Auriga and Ophiuchus-Scorpius: A 2.2 micron speckle imaging survey

Ghez, A. M.; Neugebauer, G.; Matthews, K.
Vizier Tables Astronomical Journal (ISSN 0004-6256), vol. 106, no. 5, p. 2005-2023 Nov 1993
1987ApJ..312..788A Spectral evolution of young stellar objects
Adams, Fred C.; Lada, Charles J.; Shu, Frank H.
Dates Astrophysical Journal, Part 1 (ISSN 0004-637X), vol. 312, Jan. 15, 1987, p. 788-806. NASA-supported
research. Jan 1987
1993ApJ...406..122A Submillimeter continuum observations of Rho Ophiuchi A - The
candidate protostar VLA 1623 and prestellar clumps
Andre, Philippe; Ward-Thompson, Derek; Barsony, Mary
Astrophysical Journal, Part 1 (ISSN 0004-637X), vol. 406, no. 1, p. 122-141. Mar 1993
2007ApJ...663.1069F Infrared Extinction toward Nearby Star-forming Regions
Flaherty, K. M.; Pipher, J. L.; Megeath, S. T.; Winston, E. M.; Gutermuth, R. A.; Muzerolle, J.,
Allen, L. E.: Fazio, G. G.
The Astrophysical Journal, Volume 663, Issue 2, pp. 1069-1082. Jul 2007
1995ApJ...443 6255 A lunar occultation and direct imaging survey of multiplicity in
the Ophiuchus and Taurus star-forming regions
Simon, M.; Ghez, A. M.; Leinert, Ch.; Cassar, L.; Chen, W. P.; Howell, R. R.; Jameson, R. F.;
Matthews, K.; Neugebauer, G.; Richichi, A.
Astrophysical Journal, Part 1 (ISSN 0004-637X), vol. 443, no. 2, p. 625-637 Apr 1995
1978ApJ..224 B57E A study of the Taurus dark cloud complex
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1999ApJ...525..4401
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Luhman, K. L.; Rieke, G. H.
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The Astrophysical Journal, Volume 525, Issue 1, pp. 440-465. Nov 1999

1998A&A...338.897K Interstellar reddening from the HIPPARCOS and TYCHO
catalogues. |. Distances to nearby molecular clouds and star forming regions

Knude, J.; Hog, E.

Astronomy and Astrophysics, v.338, p.897-904 (1998) Oct 1998

2006ApJ...646.1009K The Large- and Small-Scale Structures of Dust in the Star-

forming Perseus Molecular Cloud
Kirk, Helen; Johnstone, Doug; Di Francesco, James
The Astrophysical Journal, Volume
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646, Issue 2, pp. 1009-1023. Aug 2006
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Dotson, J (45)

Dowell, C (33)
Hildebrand, R (33)
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Valllancourt, J (21)
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‘ A Primer on Far-Infrared Polarimetry
Hildebrand, R. H.; Davidson, J. A.; Dotson, J. L.; Dowell, C. D.; Novak, G.; Vaillancount, J. E.
The Publicatons of the Astronomical Society of the Pacific, Volume 112, Issue 775, pp. 1215-1235. Sep 2000

_ Far-Infrared Polarimetry of Galactic Clouds from the Kuiper Airborne Observatory
Dotson, Jessie L.; Davidson, Jacqueline; Dowell, C. Darren; Schleuning, David A.; Hildebrand, Roger H
The Astrophysical Journal Supplement Series, Volume 128, Issue 1, pp. 335-370. May 2000

Submillimeter Array Polarimetry with Hertz

Dowell, C. Darren; Hildebrand, Roger H.; Schleuning, David A.; Vaillancourt, John E.; Dotson, Jessie L.; Novak,
Giles; Renbarger, Tom; Houde, Martin
Astrophysical Journal v.504, p.588 Sep 1998

. . 350 ym Polarimetry from the Caltech Submillimeter Observatory

Dotson, Jessie L.; Vaillancourt, John E.; Kirby, Larry; Dowell, C. Darren; Hildebrand, Roger H.; Davidson,
Jacqueline A

The Astrophysical Journal Supplement, Volume 186, Issue 2, pp. 406-426 (2010). Feb 2010

4 Tracing the Magnetic Field in Orion A
Houde, Martin; Dowell, C. Darren; Hildebrand, Roger H.; Dotson, Jessie L.; Vaillancourt, John E.; Phillips,
Thomas G.; Peng, Ruisheng; Bastien, Pierre
The Astrophysical Journal, Volume 604, Issue 2, pp. 717-740. Apr 2004

2002A1 On the Measurement of the Magnitude and Orientation of the Magnetic Field in
Molecular Clouds
Houde, Martin; Bastien, Pierre; Dotson, Jessie L.; Dowell, C. Darren; Hildebrand, Roger H.; Peng, Ruisheng;
Phillips, Thomas G.; Vaillancourt, John E.; Yoshida, Hiroshige

The Astrophysical Journal, Volume 5868, Issue 2, pp. 803-814. Apr 2002
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FILTER BY: . 2011arXiv1109.3368A A Bubbling Nearby Molecular Cloud: COMPLEPaper network
Perseus Sky Map

Authors Arce, Hector G.; Borkin, Michelle A.; Goodman, Alyssa A.; Pineda, Jaime
Goodman, A (25) Christopher N.

Pineda, J (12 eprint arXiv:1109.3368 Sep 2011
Johnstone, D (10)

Kirk, H (10)
Foster, J (9)

NO FILTERS APPLIED

2011ApJ...739L...2P Expanded Very Large Array Observations of the Barnard 5 Star-
forming Core: Embedded Filaments Revealed
Pineda, Jaime E.; Goodman, Alyssa A.; Arce, Héctor G.; Caselli, Paola; Longmore, Steven;
Corder, Stuartt
The Astrophysical Journal Letters, Volume 739, Issue 1, article id. L2 (2011). Sep 2011
20111AUS.270..511G A Guide to Comparisons of Star Formation Simulations with
Observations
Goodman, Alyssa A.
Missions Computational Star Formation, Proceedings of the International Astronomical Union, IAU Symposium,
Volume 270, p. 511-519 Apr 2011
SIMBAD Objects . 2010ApJ...723.1019H The Star Formation Rate and Gas Surface Density Relation in
the Milky Way: Implications for Extragalactic Studies
Vizier Tables Heiderman, Amanda; Evans, Neal J., II; Allen, Lori E.; Huard, Tracy; Heyer, Mark
The Astrophysical ), Volume 723, Issue 2, article id. 1019-1037 (2010). Nov 2010
. 2010ApJ...723. 457K The Dynamics of Dense Cores in the Perseus Molecular Cloud. I
Dates The Relationship Between Dense Cores and the Cloud
Kirk, Helen; Pineda, Jaime E.; Johnstone, Douq; Goodman, Alyssa
from . . he Astrophysical Journal, Volume 723, Issue 1, pp. 457-475 (2010). Nov 2010
2010ApJ...716.433K The Mass-size Relation from Clouds to Cores. ll. Solar
Neighborhood Clouds
Kauffmann, J.; Pillai, T.; Shetty, R.; Myers, P. C.; Goodman, A. A.
The Astrophysical Journal, Volume 716, Issue 1, pp. 433-445 (2010). Jun 2010
2010ApJ...715.1170A The COMPLETE Survey of Outflows in Perseus
Arce, Héctor G.; Borkin, Michelle A.; Goodman, Alyssa A.; Pineda, Jaime E.; Halle, Michael
W.
The Astrophysical Journal, Volume 7185, Issue 2, pp. 1170-1180 (2010). Jun 2010
2010ApJ...712.1137K The Mass-Size Relation from Clouds to Cores. |. A New Probe of
Structure in Molecular Clouds
Kauffmann, J.; Pillai, T.; Shetty, R.; Myers, P. C.; Goodman, A. A.
The Astrophysical Journal, Volume 712, Issue 2, pp. 1137-1146 (2010). Apr 2010
2010ApJ...712.1049S The Effect of Projection on Derived Mass-Size and Linewidth-
Size Relationships
Shetty, Rahul; Collins, David C.; Kauffmann, Jens,; Goodman, Alyssa A.; Rosolowsky, Erik
W.; Norman, Michael L.
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Yes, this is Google Sky..WWT version coming soon!
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ABOUT  PEOPLE

Projects

PRESENTATIONS SOFTWARE

PROJECTS  PUBLICATIONS

Seamless integration of scientific data and literature

Astronomical data artifacts and publications exist in disjointed repositories. The
conceptual relationship that links data and publications is rarely made explicit. In
collaboration with ADS and ADSlabs, and through our work in conjunction with
the Institute for Quantitative Social Science (1QSS), we are working on developing a
platform that allows data and literature to be seamlessly integrated, interlinked,
mutually discoverable.

Astronomy Dataverse

Astronomers use, peruse and produce vast amounts of scientific data. Making
these data publicly available is important because it supports the reproducibility
of results, and ensures their long term preservation and reuse. While raw
astronomical data are normally stored and made public available via large-scale
archives, reduced data are often left out entirely from both astronomical archives
and related publications.

In a pilot study in 2011, we are evaluating the Dataverse, an open data archive
hosted by Harvard University and managed by the Institute for Quantitative Social
Science (1QSS), as a project-based repository for the storage, access, and citation

of reduced astronogai - ediataaamaed a set of 10 astronomers about

their needs, and th ;»rototype CfA Dataverse §

WorldWide Telescope (WWT)

WorldWide Telescope provides a rich contextual visualization environment for
astronomical data. Our group collaborates with the WWT Team at Microsoft
Research both to enrich WWT for use in research as well as in teaching. On the
research end, we seek to integrate WWT "Seamlessly” with VAO-sponsored

now online.

projects, as well as with ADS Labs. On the teaching end, we founded and now run
the WorldWide Telescope Ambassadors outreach effort.

CFA DATA (BETA)

Latest news

augustmuench: Farmers'
Almanac foresees a rough
winter ahead & dowser finds
huge body of dirty water under

the Longfrellow hfleii';t“'

htto://t.co/DwlL2mMT
albertoconti: R1
Djames_s_bullock: Why doesn't
the History Channel just
change its name to the P,M;f()ut
Lover's Pseudoscience
Channel?http://i.mp/riKp4C

albertoconti: RT @johnmaeda
Not everything knowable can
be articulated in propositional

form." http://t.co/ZYD43ER

albertoconti: RT

psarahkendrew: looks
awesome! &gt;&qt
Qastrobetter: New Post
iIObserve: The Astronomical

Observing App We've Been

Waiting For http:/

augustmuench: my post on
open science and anonymous

peer review
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1.2 m CO Survey Archive
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1.2 Meter CO Survey
Search User Guides Report Issue
Astronomy Dataverge Ng The whole-Galaxy CO survey presented ir

data from most of these ¢

Search User Guides Repdrt Issu

these individual surveys

This is a prototype for an Astr@gnomy d§
Astrophysics, the ADS, the Wlbach L§

All Dataverses
|ALL|A|B|C|D|E}F[G]H:

Dataverses: 3 | Studies: 3 | Files: 44¢

ChaMPlane

COMPLETE
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Online Maps of the Galaxy & the Universe

( ‘ aagie

§ A If you know of "viewers" for maps of the Galaxy or Universe online,
Al add them here: tinyurl.com/universe3d, and pass on t

This form is being used to collect information about online resources that offer data-driven views
of the Milky Way or the Universe beycnd Ult mately, the information here will be used to populate
a new "aggregator" service at yniverse3d.org

Name of Site/Page/Service *

URL: "

Alternate URL:

Contact email or URL for site creator/maintainer, if known:

Your email address if you're willing to elaborate on your answers here, should we have
questions..

If you'd like to, please describe what you think this site is useful for as it stands...

Pinky: "Gee, Brain, what do you want to do tonight?"
The Brain: "The same thing we do every night, Pinky—try to take over the world!"

Software tools used
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND' feature-
entification 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
ich
the virial parameter is less than 2. The x—y locations of the four ‘self-
ravitating’ leaves labelled with billiard balls are the same as those shown in
he 3D visualizations show position—position—velocity (p—p—
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

e parameters, the same molecular-line data set® can be used to

either that the frequency distribution of clump mass is the same

the initial mass function of 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

64
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using 2D maps of column density. -
, we have developed a structure-identification algorithm that

s the hierarchical structure of a 3D (p—p—v) data cube into
isualized representation called a ‘dendrogram’*’. Although

in other data-intensive fields'"'?, it is curious that the

and almost exclusively within the area of galaxy
‘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
explained in Supplementary Methods. Critically, the dendrogram
determined almost entirely by the data itself, and it has negligible
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 x axis while
preserving all information about connectivity and hierarchy.
Numbered ‘billiard ball’ labels in the figures let the reader match
features between a 2D map (Fig. 1), an interactive 3D map (Fig. 2a
online) and a sorted dendrogram (Fig. 2c).

A dendrogram of a spectral-line data cube allows for the estimation

ssociated with volumes bounded by
aces, such as radius (R), velocity dispersion (¢,) and luminosity
(L). The volumes can have an ape, and in other work'* we focus on
ignificance of the especially elongated features seen in L1448
(Fig. 2a). The luminosity is an approximate proxy for mass, such
that Mium = X13coLisco, where Xi500 = 8.0 X 10*° cm?K 'km ™ 's
(ref. 15; see Supplementary Methods and Supplementa g. 2).
The derived values for elocity dispersion can then be
used to estimate the role of self-gravity at each point in the hierarchy,
via calculation of an ‘observed’ virial parameter, ogp = 56,” R/ GMym-
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where o <2 (where gravitational energy is comparable to or larger
than kinetic energy) correspond to regions of p—p—v space where self-
gravity is significant. As o, only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields'®, its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.

Local max

Test level

ma

Merge -

Local max

Intensity level

Merge-——

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
require four dimensions.
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ure 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

r the range of T,,,;, (main-beam temperature) test-level values for which

ial 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) spac
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 on, the front face of each 3D cube (the ‘home’ 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,
abovebutc o the C n of the data, and
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 la ale molecular clouds
(Supplementary Fig. 1).
Four years before the advent of CLUMPFIND, ‘structure trees™
osed as a way to characterize clouds” hierarchical structure
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1alized 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 evolutic >
‘merger trees’ are being used with increasing frequen:
Figure 3 and its legend explain the construction of dend
schematically. The dendrogram quantifies how and where locz
ima of emission merge with each other, and its implementation is
explained in Supplementary Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible
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 informat n the x axis while
preserving all information about connectivity and hierarchy.
Numbered ‘billiard ball’ labels in the figures let the reader matc
features be n a 2D map (Fig. 1), an interactive 3D map (Fig. 2a
online) and a sorted dendrogram (Fig. 2c).
A dendrogram of a spectral-line data cube allows for the estimatio
of key physical properties associated with volumes bounded by iso-
¢ ich as radius (R), v ity dispersion (a,) and luminosity
(L). The volumes can have any shape, and in other work'* we focus on
nce of the especially elongated features seen in L1448
). The luminosity is an approximate prox ss, such
that My, = Xi3coLi3co, where o0=28.0X 10°cm?*K "km ™ 's
(ref. 155 ipplementary Methods and Supplementary Fig. 2).
The derived values for size, mass and velocity dispersion can then be
used to estimate the
via calculation of an ‘obse;
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where o, < 2 (Where gravitational energy is comparable to or larger
than ki energy) correspond to regions of p—p— -
gravity is significant. As o,,; only rep: s the ratio of kinetic energy
itational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields'®, its measured
value should only be used as a guide to the longevity (boundedne:
any particular fe

Local max
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Intensity level
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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 tin
(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
require four dimensi
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