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Star Formation in the
Interstellar Medium

“e-Science”
(and Data Visualization)

CS®/'PLEIE

De. Restricted

The CO Na d ole : e Line Extinction Thermal Emission Survey of

Star Forming Reglons

Project Description

The COor ed M ar Probe % ction Thermal Emission Survey of
Star Forming Reglons (COMPLETE) J range of data complementary to
the Spitzer Legacy Program “From Melecular Cores to Planet Forming £ " (c2
for the Perseus, Ophiuchus and Serpens regions, In combina

observations, COMPLETE will allow for detailed analysis and understanding of the
physics of star formation on scales from 500 A.U. to 10 pc

Phase I, which Is now complete, provides fully sampled, arcminu

observations of the density and velocity structure of the three regions,

comprising: extinction maps derived from the Two Micron A Survey (2ZMASS)

near-infrared ¢a I ' erature Mmaps
2C0 and

13CO maps of ma 2 Y X | mission

from dust in den ores

Clck on the "Data* on to the left to access this data

Phase II (which Is still ongoing) uses targeted source Ists based on the Phase |

data, as it is (still) n ble to cover every dense star-forming peak at high

resolution. Phase f des high-senstivity near-IR imaging (for high resolution

extinction mapping mm-continuum imaging with MAMBO on AM and high

resolutik phSarv s of dense gas trace ih as N2H+, These data are being
ased as they are

COMPLETE Movies: Check-out our movies page for animations of the COMPLETE
data cubes in 3D

Referencing Data from the COMPLETE Survey

COMPLETE data are non-proprietary. Please re nce Ridge, N.A, et al,, "The
COMPLETE Survey of Star Forming Regions: Phase 1 Data”™, 2006, A), 131,
2921 as the data source. However, we would Fke to keep a record of work that is
using COMPLETE data, so please send us anemad ( refe e if possib ¥
you make use of any data provided here
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Star (and Planet, and Moon) Formation [0

Extrasolar System

Star-Forming “*Globule” Circumstellar Disk

—— AG’s focus... /

Number of Stars of each Mass

‘ Stellar Mass
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“CMF"?

Note: IMF= “Initial Mass Funciton” of Stars, not “International Monetary Fund.”
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BUT: Beautiful images
like this do not reveal
internal structure
directly...

>2D
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Astronomical Medicine

Alyssa Goodman (lIC/CfA/FAS)
Michael Halle (IIC/SPL/HMS)

Ron Kikinis (SPL/HMS)
Douglas Alan (IIC)
Michelle Borkin (FAS/IIC)
Jens Kauffmann (CfA/IIC)
Erik Rosolowsky (CfA/UBC Okanagan)
Nick Holliman (U. Durham)
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“Viz has failek

the scientific
community...”

Astronomer

Unsuspecting
Undergrad

+Nick Holliman (CS, 3D expert)
+Doug Alan (S/W Engineer)
+Jens Kauffmann (postdoc)
+Erik Rosolowsky (postdoc) + ...
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“Three” Dimensions: Spectral-Line Mapping

We wish we could measure...

But we can measure...

v, only from

“spectral-line
maps”



Velocity from
Spectroscopy

Telescope +
Spectrometer

All thanks to Dopp'er
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Radio Spectral-line Observations of Interstellar Clouds
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Radio Spectral-line Observations of Interstellar Clouds
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Radio Spectral-Line Survey

Alves, Lada & Lada 1999



ﬂ Velocity as a "Fourth™ Dimension

Spectral Line Observatlons

| dimension

Mountain Range No loss Of
information



Astronomical Visualization Tools are Traditionally 2D

IDL

3D Slicer

“3D”’=movies



“Astronomical Medicine”

“KEITH” “PERSEVS”
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(This kind of “series of 2D slices view” is known in the Viz as‘“the grand tour”) S
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3D rendering: GE Healthcare
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“Tasting” Magnetohydrodynamic Simulations

Dimensions: 40000. AU  Withou dback Time: O.yr
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The Taste-lesting Process
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LETTERS

ucture

CLUMPFIND segmentation

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 sponds 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 Ty, (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
interactiv rsion) corresponds exactly to the patch of i
locity with respect to the Local Standard of Rest inc:
5kms ') to back (8kms ™).

data, CLUMPFIND typically finds features on alimited r
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
the initial m tion 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’
e proposed as a way to characterize clouds” hierarchical structure

“Seeing” and “Tasting”
The Role Self-Gravity in Star Formation

NATURE|Vol 457|1 January 2009

using 2D maps of column density. With this early 2D work as inspi
tion, we have developed a structure-identification algorithm that
abstracts the hierarchi ructure 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 i
explained in Supplementary Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible

entation

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

; while

rving 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.

nline) and a sorted dendrogram (Fig. 2¢).

A dendrogram of a spectral-line data cube allows for the estimation
of key physical propert sociated with volumes bounded by i
surfaces, such as radius (R), velocity dispersion (¢,) and luminosity
(L). The volumes can have any shape, and in other
the significance of the especially elongated features seen in L1448
(Fig. 2a). The luminosity is an approximate prox , such

scoLisco, where Xj3c0 = 8.0 X 102 cm® K™ ' km
e Supplementary Metho, nd Supplementa

The derived values for size, mass and velocity di
used to estimate the role of self-gravity at each point in the hier:
via calculation of an ‘observed’ virial parameter, oyps = 56,° R/ GMjym.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)

here ops < 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 e
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

Local max

Intensity level

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (bla he 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.

©2009 Macmillan Publishers Limited. All rights reserved

Goodman et al. Nature, 2009
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Star Formation in the
Interstellar Medium

“e-Science”
(and Data Visualization)

CS®/'PLEIE

De. Restricted

The CO Na d ole : e Line Extinction Thermal Emission Survey of

Star Forming Reglons

Project Description

The COor ed M ar Probe % ction Thermal Emission Survey of
Star Forming Reglons (COMPLETE) J range of data complementary to
the Spitzer Legacy Program “From Melecular Cores to Planet Forming £ " (c2
for the Perseus, Ophiuchus and Serpens regions, In combina

observations, COMPLETE will allow for detailed analysis and understanding of the
physics of star formation on scales from 500 A.U. to 10 pc

Phase I, which Is now complete, provides fully sampled, arcminu

observations of the density and velocity structure of the three regions,

comprising: extinction maps derived from the Two Micron A Survey (2ZMASS)

near-infrared ¢a I ' erature Mmaps
2C0 and

13CO maps of ma 2 Y X | mission

from dust in den ores

Clck on the "Data* on to the left to access this data

Phase II (which Is still ongoing) uses targeted source Ists based on the Phase |

data, as it is (still) n ble to cover every dense star-forming peak at high

resolution. Phase f des high-senstivity near-IR imaging (for high resolution

extinction mapping mm-continuum imaging with MAMBO on AM and high

resolutik phSarv s of dense gas trace ih as N2H+, These data are being
ased as they are

COMPLETE Movies: Check-out our movies page for animations of the COMPLETE
data cubes in 3D

Referencing Data from the COMPLETE Survey

COMPLETE data are non-proprietary. Please re nce Ridge, N.A, et al,, "The
COMPLETE Survey of Star Forming Regions: Phase 1 Data”™, 2006, A), 131,
2921 as the data source. However, we would Fke to keep a record of work that is
using COMPLETE data, so please send us anemad ( refe e if possib ¥
you make use of any data provided here
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WorldWide Telescope

created by Curtis Wong & Jonathan Fay (Microsoft Research)
Alyssa Goodman is “official astronomer/consultant/troublemaker” for WWT
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Embedded Qutflow in HH 46/47 Spitzer Space Televope *|RAC

e Ve )

Media Contacts

NAZE / IR Caltach / A Nosega-Crespo [S00/ Catech) 2003064

Cradit: NASANPLCakechdA  Norega-Crespo [SSCICaltech), Digitad Sky Survey

HH46/47

This image from NASA's Spitzer Space Telescope transforms a dark cloud into a silky translucent veil, revealing the molecular
outflow from an otherwise hidden newborn star. Using near-infrared light, Spitzer pierces through the dark cloud to detect the
embedded outflow in an object called HH 46/47. Herbig-Haro (HH) objects are bright, nebulous regions of gas and dust that are
usually buried within dark clouds. They are formed when supersonic gas ejected from a forming protostar, or embryonic star,
interacts with the surrounding interstellar medium. These young stars are often detected only in the infrared.

The Spitzer image was obtained with the infrared array camera. Emission at 3.6 microns is shown as blue, emission from 4.5
and 5.8 microns has been combined as green, and 8.0 micron emission is depicted as red
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Harvard University Professor of Astronomy,
Microsoft Academic Partner
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WWT Program Coordinator
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Microsoft Research, WWT Creator
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WorldWide
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Using WWT to give WWT Ambassadors Program
experts and learners Recruiting, Vetting, Coordination
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wwtambassadors.org

Microsoft” Research

WorldWide Telescope Ambassadors Program

About My Account | Find Tours Resources Log Out _

John Huchra's Universe
About the WWT Telescope Ambassadors Program

WorldWide Telescope (WWT) is a rich visualization environment that functions as a
virtual telescope, allowing anyone to make use of professional astronomical data to
explore and understand the universe. As of early 2010, the new WWT Ambassadors
Program is recruiting astronomically-literate volunteers, including retired scientists
engineers—all of whom will be trained to be experts in using WWT as a teaching tool.
Ambassadors will give volunteer presentations at public libraries, community centers,
museums, and schools, demonstrating WWT's power to help laypeople visualize and

understand our universe. Friends of John Huchra

have released a new WWT
Tour to honor John and his
Read more work. The Tour primarily
focuses on John's quest to
map the Universe in three
dimensions. You can view

. . the Tour here.
John Huchra's Universe

/ patudom

John Huchra, former president of the American Astronomical Society, passed away on October 8, 2010. Ubcaming

John's colleagues at the Harvard-Smithsonian Center for Astrophysics, in collaboration with the creators of WorldWide « Cyberlearning Tools for
Telescope at Microsoft Research, have created a new, interactive, WWT Tour to honor John and his career. The Tour STEM Education
primarily focuses on John's quest to map the Universe in three dimensions. It is 12.5 minutes long. Conference

Mar. 8 - Mar. 9
Cambridge Science
Festival

Apr. 30 - May. 10

The Tour is best experienced inside the WorldWide Telescope program itself. (Note: You must have the version of WWT
released on 1/13/2011 to view all of this Tour's content. You can download it from here.) As viewed within the WWT
program, the Tour content is interactive, allowing users to pause and explore the parts of the Universe featured in the tour,
explore web hyperlinks, and more. For those who do not have the desktop client, the Tour has been posted as a video as
well.

Video (Interactive WWT features will be disabled)
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Clarke Middle School, Lexmgton MA (WWT Ambassadors Pilot School)



Gains in Student Interest and Understanding
(“Traditional Way” vs “WWT Way"”)

Group B (Traditional) Group A (With WWT)
Nbefore=77; Nofter=75 Nbefore=75; Nafterzp'
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Effect Size: Gain (or Loss) in Units of Pre-Test Standard Deviation
(Error bars show * | Standard Error of the Mean)
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Citizen Science in ADS All Sky Suvey
(Coming Soon...)
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CoolTools 2011.1

Online Astronomy Research Tools from the CfA

Come have COFFEE & BAGELS
from 10-11 AMin PHILLIPS on TUESDAY, 11/22

Learn more about ADS LADS, options for valuable Dato
Citations, e ADS All-Sky Survey, coo

4 new SED and Data-Mining

= .o, WorldWide Telescope, snaMore!

...and you might even find out why a Lego Eiffel Tower is on this poster.



