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Ptolemy in Alexandria, 100 AD
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The “Scientific Revolution” remote-control/
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Observatory Tower, Reber’ Radio telescopes
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St]exnitoogs W.H. Keck Observatory
(Tycho Brahe, |586) (1995+)

Full-sky virtual astronomy:

Galileo: c. 1609 c. 20237



“One Earth, One Sky”

Google




WWT 2001 WWT Today

The World-Wide Telescope

Alexander Szalav." lim Grav?*

', 2007

All astronomy data and literature will soon be online and accessible via the
Internet. The community is building the Virtual Observatory, an organi-
zation of this worldwide data into a coherent whole that can be accessed

by anyone, in any form, from anywhere. The resulting system will dra-
matically improve our ability to do multi-spectral and temporal studies

that integrate data from multiple instruments. The Virtual Observatory
data also provide a wonderful base for teaching astronomy, scientific

discovery, and computatlonal science.

ciencemag.org SCIENCE VOL 293 14 SEPTEMBER 2001 2037



6) quick demo of WWT



“WWT as a Preview of 2 Ist Century e-Research in Astronomy”

(based on American Astronomical Society Meeting presentation, Long Beach, CA, 2009)

—OR-

¢Group-chose-this-one-so-tveadded-these-slides-next:
k. “Astronomical Data and Information Visualization”  §

(based on American Astronomical Society Meeting ,Washington, DC, 2010)
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Data Reduction

Data Display

Context (e.g. journals + online data)

Simulation Design
Statistics Design

Data Exploration [Visualization)



Seamless Astronomy

‘www.cfa.harvard.edu7- ~agoodman and worldwidetelescope.org
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“Virtual
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" Advanced
Secarch & arXiv.org
InfoViz tools T T
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“Seamless Astronomy” is collaboration amongst many researchers at CfA, MSR, Princeton, STScl, NYU,
RPI, and UCLA, and it is supported by NASA, NSF and Microsoft External Research.



Seamless Astronomy

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



“WorldWide Telescope™: a UIS from Microsoft Research

[UIS=Universe Information System]
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C'él-Lectiqhs, Communities & Guided Tours '

“-a:,‘i '“ a5 "% e

rr; .Ol' l'(" (\ ;(\;&P - P -l' .r l". . >“!X.

Created by Curtis Wong and Jonathan Fay at MSR;AG is “Academic Partner” on the WWT Project
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And now we got to NGC 7023 by using the literature as a filter.
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Astronomical Medicine

with Michael Halle, Michelle Borkin,
Jens Kauffmann, Douglas Alan, Erik Rosolowsky &
Nick Holliman



mm peak (Enoch et al. 2006)

. C®NPLETE Perseus

flew size: 1305 x 733
L: 63 WW: 127

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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3D PDF (demo)

LETTERS

CLUMPFIND segmentation

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 sign n. 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’ le caves labelled with hxllmd 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 (¢) to track hierarchical structure, d shows a pseud
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
ructures, each pseudo-branch in dis 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

on and off (interaction requires Adobe Acrobat version 7.0.8 o

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 (8kms ™).

data, CLUMPFIND typically finds features on alimited 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

upplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees™
were proposed as a way to characterize clouds’ hierarchical structure
64

009 Macmillan Publishers

NATURE|Vol 4571 January

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

"%, it is curious that the

well developed in other data-intensive fields
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
\hu\mumH\ The dendrogram quantifies how and where local max-

ssion merge wnh 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 dendrc £
data (see Fig. 3 and its legend), by sorting their ‘branches
cross, which eliminates dimensional information on the x axi

preserving all information about connectivity and )
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 ofa ral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, such as radius (R), velocity dispersion (c,) and luminosity

"he volumes can have any shape, and in other work'" 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 Mium = Xi3coLisco, where Xjsco = 8.0 X 10 cm*K ™' km™''s
(ref. 15; see Supplementary Methods and Supplementary Fig. zw.
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,

=56,2R/GMiym.

via calculation of an ‘observed’ virial parameter, 2,
In principle, extended portions of the tree (Fig, 2, yellow highlighting)
where o, < 2 (where gravitational energy is comparable to or larger
than l\meln energy) co e~pnnd to 1 'nuh 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, md does not =\p1mtl

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.

construction of a dendrogram from a hypothetical one-dimensional
emission profle (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 st 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. 2 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.

d. Al rights reserved

Goodman et al. Nature, 2009
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