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What (the) “Virtual Observatory” 
meant/means/should mean to...

Jim Gray & Alex Szalay

Typical Astronomers Today

Me

Astronomers who travel & use facebook...
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Astronomers & the V.O. c. 2006
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WorldWide Telescope
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Email with Room Numbers 
(result of search)

Area Map, with Photos
& Street Names from 

Google Maps

Interior Map on Long 
Beach CC Web Site

Requires “Ontology”

Requires “GIS/Layering”

Requires 
“Search”
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Putting these together....  

in order to yield: “Inference”: ...Wow, that’s about 600 feet, hope we can change the room!

...requires: “Selection”  ; “Registration”; 
; & “Measurement”; “Highlighting”“Readable Labels” 

Monday, November 16, 2009



And, what about that 
“custom TripIt 
site” I made to 
organize all this?

What about the hotel 
& its location?
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http://www.tripit.com
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“Inference”: ...Oh, that building with the funky paths outside is the Hyatt... what if I...

“Side-by-Side 
Comparison”

“Progressive Resolve”

“Zoom”Click
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What’s needed?

“GIS/Layering”
“Ontology”

“Search”

“Selection”  

“Registration” 

“Measurement”
“Highlighting”

“Readable Labels” 

“Inference”

“Side-by-Side 
Comparison”

“Progressive Resolve”

“Zoom”

“Off-the-Desktop”

“Custom Site”
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What’s possible now?

“GIS/Layering”

“Ontology”

“Search”

“Selection”  

“Registration” 

“Measurement”

“Highlighting”

“Readable Labels” 

“Inference”

“Side-by-Side 
Comparison”

“Progressive Resolve”

“Zoom”

“Off-the-Desktop”

“Custom Site”
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WorldWide Telescope

“GIS/Layering”
“Selection”  

“Registration” 

“Progressive Resolve”

“Zoom”

“Search”

“Highlighting”

“Readable Labels” 

“Inference”

“Side-by-Side 
Comparison”

“Custom Site”
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WWT Demos...

★ “Dust & Us” (Sample Interactive Tour)

★ Explore, Search, etc. (Basic Functionality)

★ ADS/Wikipedia/SIMBAD (Deep Links)
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Galileo’s Moons of Jupiter

Notes for & re-productions of Siderius Nuncius (1610)
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“Custom Site”
“Registration” 
“Readable Labels” 

“Search”
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Seamless Astronomy

Mockup based on work of Eli Bressert, excerpted from NASA AISRP proposal by
Goodman, Muench, Christian, Conti, Kurtz, Burke, Accomazzi, McGuinness, Hendler & Wong, 2008

Semantic 
Search

Data Viewer
(e.g. WWT)

Literature 
Viewer

Archive 
Browser

Info Viz for 
Search 
Results
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astrobitz?
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And to go fully “seamless”?

“GIS/Layering”

“Ontology”

“Search”

“Selection”  

“Registration” 

“Measurement”

“Highlighting”

“Readable Labels” 

“Inference”

“Side-by-Side 
Comparison”

“Progressive Resolve”

“Zoom”

“Off-the-Desktop”

“Custom Site”
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Going 
“Off-the-Desktop”

More information: See the SEAS/IIC
“Scientists Discovery Room” project pages
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http://www.iic.harvard.edu/research/scientists-discovery-room-lab-sdr-lab
http://www.iic.harvard.edu/research/scientists-discovery-room-lab-sdr-lab


Seamless Astronomy

Mockup based on work of Eli Bressert, excerpted from NASA AISRP proposal by
Goodman, Muench, Christian, Conti, Kurtz, Burke, Accomazzi, McGuinness, Hendler & Wong, 2008

“Ontology” “Measurement”
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User 
Group

Markup Tool

Use Cases
Chandra, TSC, Gen. by User 

Group (incl. AG’s shells 
project), MAST-oriented

Discourse Ontology Workflow Ontology
(e.g. myepxeriment)

A

Astronomy 
Ontologies

data (pragmatic, 
obsv. -oriented)

concepts
(astrophysical)

math/
statistics

ADS PDFs⟶ 
astrometry.net

⟶GSky & 
WWT

E1

Astronavigator
(primarily a mechanism for linking 

tools, also ultimately a limited 
“workbench” providing 

provenenance)

F

Bibliographic
Ontology

(enables relationships 
between holdings as in a 

library; e.g. Dublin Core)

B1 2

“Semantic” 
Search

(using ontologies via facets and/or 
other semantic approaches)

4

D

C

graph of 
interconnections

3

E2

5

Early Science Demonstrations

Early Science Demonstrations

Existing “VO” Tools

Collaborators are working on all 
parts of this, including ontology, but 

let’s focus on measurement for now...
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Seamless

Mockup based on work of Eli Bressert, excerpted from NASA AISRP proposal by
Goodman, Muench, Christian, Conti, Kurtz, Burke, Accomazzi, McGuinness, Hendler & Wong, 2008

“Measurement” via SAMP?

DEMO
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Our “Real” Work... 
COMPLETE,  Astronomical Medicine & Taste-Testing
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Stellar Mass
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Star (and Planet, and Moon) Formation 101

Galaxy

Star Cluster

Molecular Cloud Complex Star-Forming “Globule” Circumstellar Disk Extrasolar System

?AG’s focus...
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COMPLETE=COordinated Molecular 
Probe Line Exinction Thermal Emission

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)
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Alyssa Goodman (IIC/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) 

Astronomical Medicine
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AstronomicalMedicine@

3D Viz made with VolView

Perseus
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30

Some of What We’re Learning...

Cores nest in coccoons
(Kauffmann et al. 2009) 

Gravity Matters
(Goodman et al. 2009) 

Tripled Outflows
(Borkin et al. 2008,9) 

Shells Rule
(Arce et al. 2009) 

Monday, November 16, 2009



Tasting
Star 

Formation
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Simulations of Bate 2009

Magnetohydrodynamic Simulations
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simulations >2D
observations

Tasting
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Simulation Synthetic Data

Nature

Observing System

Synthetic 
Observing 
System

Radiative 
Transfer 

(+Chemistry) 
Code(s)

Observed Data

Taste 
Tests

Enabled
Indirectly

Sample Taste Test
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The Taste-Testing Process

Monday, November 16, 2009



 (Tasting)
The Role Self-Gravity in Star Formation

data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolutionof thedata, and its results can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set8 can be used to
show either that the frequency distribution of clumpmass 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork 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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies so far in astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency13.

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 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 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, such as radius (R), velocity dispersion (sv) and luminosity
(L). The volumes can have any shape, and in other work14 we focus on
the significance of the especially elongated features seen in L1448
(Fig. 2a). The luminosity is an approximate proxy for mass, such
that Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 km21 s
(ref. 15; see Supplementary Methods and Supplementary Fig. 2).
The derived values for size, mass and velocity 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, aobs5 5sv

2R/GMlum.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where aobs, 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 aobs 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 fields16, its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.
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CLUMPFIND segmentation
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to 13CO 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 Tmb (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 showposition–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 (a and 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 (20.5 km s21) to back (8 km s21).
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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 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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Goodman et al. Nature, 2009
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Seamless Astronomy

Mockup based on work of Eli Bressert, excerpted from NASA AISRP proposal by
Goodman, Muench, Christian, Conti, Kurtz, Burke, Accomazzi, McGuinness, Hendler & Wong, 2008

Semantic 
Search

Data Viewer
(e.g. WWT)

Literature 
Viewer

Archive 
Browser

Info Viz for 
Search 
Results

3D
Viewer...

Taste Test 
Analytics
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BONUS DEMO

Ongoing(!) “Real” Work... 
COMPLETE,  Astronomical Medicine & Taste-Testing

The Role of B-Stars in Molecular Cloud Evolution

(special thanks to Sanjana Sharma & Gus Muench!)
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