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Astronomical Medicine

3D PDF (& Touch & Taste)

(a.k.a.“coming to our senses”)

WorldWide Telescope

“Seamless Astronomy”

and someday...Generalized Interoperable Viz Tools
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- Albert Einstein




“Astronomy as = |t”
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%\ The most incomprehensible
e INOE thing about the universe is
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/& that it is comprehensible.
* “He |8 - Albert Einstein
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Relative Strengths

Pattern Recognition

Creativity

\ 4
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Data ¢ Dimensions ¢ Display
(DDD)




What about DDD...

...Is easier now than before?

fast computation, animation, 3D

...was easier before than now!

craftsmanship

...should be easier in the future?

modular craftsmanship
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Are we held back by
confining tools?
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(1564-1642)

12l Lowsa NUNCIu o

On the third, at the seventh hour, the stars were arranged in this
juence. The eastern one was 1 minute, 30 seconds from Jupiter

’ L'l\“k’,\l western one 2 minutes; And [}1L‘ U(IICT western one wa

ist * O x * We:

y minutes removed from this one. They were absolutely on tl

ime straight line and of equal magnitude

On the fourth, at the second hour, there were four stars arow

upiter, two to the east and two to the west, and arranged precise

Zast * .~ O * x We

n a straight line, as in the adjoining figure. The casternmost wa

. while this one was 40 second
rom Jupiter; Jupiter was 4 minutes from the nearest western one
d this one 6 minutes from the westernmost one.

listant 3 minutes from the next one

['heir magnitude
:re nearly equal; the one closest to Jupiter appeared a little smalles

an the rest. But at the seventh hour the castern stars were only

2 seconds apart. Jupiter was 2 minutes from the nearer easten

sast * K O X * West

me, while he was 4 minutes from the next western one, and this

minutes from [l]t' westernmost one

T'hey were all equal
and extended on thc same straight line along the echptic.

On the fifth, the sky was cloudy.

one was 3

On the sixth, nnl\ two stars appeared flanking Jupiter, as 1s seen

sast * O P 3 West

n the adjoining figure. The eastern one was 2
vestern one 3

minutes and the
minutes from Jupiter. They were on the same straight

fine with Jupiter and equal in magnitude

On the seventh, two stars stood near Jupiter. hoth to the east

Notes for & re-productions of Siderius Nuncius
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How could
Galileo study
Jupiter and its

moons how!
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;c)
NOW j-vr nagine Gallleo

wa ted to :g / how
Ju ter.c él L's. o 's formed...
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Star (and Planet,and Moon) Formation 101

2

Monday, May 18, 2009

Star-Formi bule

—— AG’s alleged expertise...—

Circumstellar Disk

/ Extrasolar System

Number of Stars of each Mass

Stellar Mass
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Astronomical Medicine

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

Ron Kikinis (SPL/HMS)
Douglas Alan (lIC)

- Michelle Borkin (FAS/IIC)

A Jens Kauffmann (CfA/IIC)
Erik Rosolowsky (CfA/UBC Okanagan)
= Nick Holliman (U. Durham)
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+ A htp://am.iic.harvard.ed ~ astronomical medicine

Harvard 11C Home IIC Astronomical Medicine Project Home

News
January 1, 2009 R the Astronomical Medicine Project's collaboration with the Harvard-Smithsonian Center for

s to understand the hierarchical structure of mol lar gas clouds is published in the January 1ist issues of the
journal Nature at's New page for m nformat

About Astronomical Medicine

The goal of the Harvard IIC's *Astronomical Medicine" (AM) project
to extend the st omplex data understandi

two very different f ronomy and medical imaging,
. broad-based approach to data exploration and analysis
e : At present we have a particular focus on 3D visualization in
S . t. t

astronomy. Please refer to our dedic o learn why this
is crucial for the exploitation of complex data which is rich in
uctu

The best of two disciplines

onomy and medical imaging seem very different, both
search through large amounts of image data looking fc
aningful patterns. For example, a physician may inspect a
patient's MRI scans looking for signs of disease, while an
scope image data to find
e ng born. The tw ces have
Search eparately developed many techniques to analyze, visualize, and
complex multi-dimensional imaging data, but seldom have
rom the t a worked together

User

Login

Computer
Scientist

hers Harvard M al School and the var nithsonian Cen'
ysics, along with both national and international collaboraters, to combine their knowledge and advance t
of-the-art in both medical imaging and astronomy.

The project is based at Harvard's Initiative in Innovative nputing as part of the IIC's effort to drive new s
Harvard through cross-discipline collaboration and computation.

Our approach

xpert of m: | imaging and astrono t gh sha A nal collaboration, the

. .
l ' n Sl | S peCtI n g j loping tools and techniques that address comn s sciences:

adapting and developing software to allow researchers to visually

“Viz has failed
the scientific
community...”

ating v segmentation techniques b on medical imagi

n r r and astronomy research, N
linking landmarks and data features to established catalogs of scientific

knowledge

This broad approach to science is designed to benefit fields beyond the
astronomy and medical domains and to incorporate good ideas from ma
other disciplines

Current work

Our current work is focused on the development of 3D S| for astronomy
data, the development of new innovative astronomy vist
rdisciplinary scientific research. To see a sam
software development projects, go & s
pag

Our software

Astronomer Nick Holliman (CS, 3D expert
Doug Alan (S/W Engineer
Jens Kauffmann (postdoc

Erik Rosolowsky (postdoc) + ...

+ + + +

Monday, May 18, 2009



http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/
http://am.iic.harvard.edu/

The “DDD” issue Mike saw in his mind...
“Astronomical Medicine”

“KEITH” “PERSEVS”

mage size: 520 x 274 thirteenC0_249.tif
Yiew size: 1305 x 733 thirteenC0O_249. tif
WL: 63 Ww: 127 thirteenC0_249.tif|
thirteenC0_249.tif|

0

!
“z" is depth into head “Z" is line-of-sight velocity

(This kind of “series of 2D slices view” is known in the Viz as“the grand tour”)
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What can we observe!

I(E,s,,t)

Time

Intensity

Energy Spatial Position

(wavelength) (2,9, 2)

“State”
(e.g. polarization)

...and the science is in the interpretation of these
measurements into physical quantities & processes.
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What can we observe!

Intensity

Spatial Position




What can we observe!

Intensity
Spatial Position

(z,y )

X-Ray of Human Skull, c. 1920

Monday, May 18, 2009



What can we observe!

I T
/ \\Tlme
Intensity
Spatlal Posmon
| ;fg—/ﬂ?’
)

4
(5 [uprema (uthedr

‘ H na/ Chate dreo

“Nova Stella”
of Tycho, 1572
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What can we observe!

Time
Intensity |

Spatial Position

(z,y. ~)

Cardiac Motion
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What can we observe!

I(E, % )

)

Intensity

Spatial Position

Energy T
(wavelength) ( e )




What can we observe!

I(E, % )

Intensit
d Spatial Position

Energy T
(wavelength) ( e )

Human Ear, [§
Thermal Infrared
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What can we observe!

I( s,x

A

Intensit
niensity Spatial Position

(z,y )

S
|

“State”
(e.g. polarization)

Q

"Hall 1949

30—
1200 20" 100°
Galactic Longitude

\&.
N
D
~
~
M
~N.
Q
~
\.
)
]
~

Fia, 4. Observational evidenee that there is no one pref-
erentinl orientation of the plane of polarization., Slars
showing no polarization are represented by circles,
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What can we observe!

I( s,x

A

Intensity

Spatial Position

(7,y,2)

“State”
(~diffusivity)
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%, Projects

B Restricted

COMPLETE Home Page

+  (http://www.cfa.harvard.edu/COMPLETE/ ~(Q-

The COordinated Molecular Probe Line Extinction Thermal Emission Survey of
Star Forming Regions

Project Description

The COordinated Molecular Probe Line Extinction Thermal Emission Survey of
Star Forming Regions (COMPLETE) provides a range of data complementary to
the Spitzer Legacy Program "From Molecular Cores to Planet Forming Disks"
(c2d) for the Perseus, Ophiuchus and Serpens regions. In combination with the
Spitzer 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, arcminute resolution
observations of the density and velocity structure of the three regions,
comprising: extinction maps derived from the Two Micron All Sky Survey
(2MASS) near-infrared data using the NICER algorithm; extinction and
temperature maps derived from IRAS 60 and 100um emission; HI maps of
atomic gas; 12C0O and 13CO maps of molecular gas; and submillimeter
continuum images of emission from dust in dense cores.

Click on the "Data" button to the left to access this data.

Phase II (which is still ongoing) uses targeted source lists based on the Phase I
data, as it is (still) not feasible to cover every dense star-forming peak at high
resolution. Phase II includes high-sensitivity near-IR imaging (for high resolution
extinction mapping), mm-continuum imaging with MAMBO on IRAM and high-
resolution observations of dense gas tracers such as N2H+. These data are
being released as they are validated.

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 reference Ridge, N.A. et al., "The
COMPLETE Survey of Star Forming Regions: Phase 1 Data", 2006, AJ, 131,
2921 as the data source. However, we would like to keep a record of work that
is using COMPLETE data, so please send us an email (with a reference if
possible) if you make use of any data provided here.

Recent COMPLETE Publications

NEW Rahul Shetty, Jens Kauffmann, Scott Schnee, Alyssa A. Goodman, Barbara
Ercolano The Effect of Line of Sight Temperature Variation and Noise on Dust
Continuum Observations, Accepted to Apl. (Local | astro-ph)

NEW Rahul Shetty, Jens Kauffmann, Scott Schnee, Alyssa A. Goodman, The
Effect of Noise on the Dust Temperature - Spectral Index Correlation, Accepted
to ApJ. (Local | astro-ph)

NEW jonathan B. Foster, E.R. Rosolowsky, J. Kauffman, J.E. Pineda, M.A.
Borkin, P. Caselli, P.C. Myers, A.A. Goodman, Dense Cores in Perseus: The
Influence of Stellar Content and Cluster Environment, Accepted to ApJl. (Local |

astro-ph)

NEW A A. Goodman, E.W. Rosolowsky, M.A. Borkin, 1.B. Foster, M. Halle, J.
Kauffmann & J.E. Pineda, 2009, A role for self-gravity at multiple length scales

in the process of star formation, Nature, 2009, 457, 63-66
LAadni-A0 1020/t ieraN7E00N At 1en | ADNCY




= C@/V\P LETE Perseus . mm peak (Enoch et al. 2006)
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Bolocam dust emission
map (Enoch et al. 2006)

MIT news

dense cores
(seen in Ammonia and
¥ dust emission)

Velocity

Cores nest in ca
(Kauffmann et a

m/nature journal/v

.nature.com/nature/journal

R © ® 125% |-

Vol 457(1 January 2009 |doi:10.1038/nature07609

A role for self-gravity at multiple

process of star formation

Alyssa A. Goodman'?, Erik W. Rosolowsky>®, Michelle A. Borkin't, Jon

Jens Kauffmann'? & Jaime E. Pineda’

Self-gravity plays a decisive role in the final stages of star forma-
tion, where dense cores (si 1 parsecs) inside molecular douds
collapse to form star-plus-disk systems'. But self-gravity’s role at
carlier times (and on larger length scales, such as ~1 parsec) is
ome molecular doud simulations that do not include
self-gravity suggest that ‘turbulent fragmentation’ alone is suf-
ficient to create a m tribution of dense cores that resembles,
and sets, the stellar function®. Here we report a ‘den-
drogram’ (hierarch diagram) analysis that reveals that
t role over the full range of possible

scales traced by ons in the L1448 molecular cloud,
but not everywhere in the observed region. In particular, more
of the compact ‘pre-stellar cores’ traced by peaks

nroiactad an the elar suithin ane of the dan

5/pdf/natug
57/n7225/pdf/}

A sign ~

overlapping features asan option, significant emission found between
prominent dumps s typically either dto the nearestcl J

turned into a small, usually ‘pathological’, feature needed to encom-
passall the emission being modelled. When applied to molecular-line

Gravity Matters

(Goodman et al. 2009)

and we share...

Some of What AR =11«

This 3-D visualisation of Cas A was made possible by importing the data o
into a medical imaging program that has been adapted for astronomical )
use. Image courtesy / NASA/CXC/MIT/T.Delaney et al.

1 Outflows
t al. 2008,9)
Y

Shells Rule
(Arce et al. 2009)



Physics:"“Taste-Testing” Data & Simulations

: z : o o R ___.—-""”/, . w " |
~ Molecular Cloud Complex Star-Forming *Globule

Dimensions: 40000. AU Withou dback Time: 0. yr
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Log Colum.. _ . ___,
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AG’s alleged expertise...
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Matthew Bati

Simulations of Bate 2009
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Social Tasting of
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Star Formation Taste Tests > Overview

S Jve =W

Back to Dashboard | Switch to a different project
Star Formation Taste Tests cfa

(OIVA Messages To-Do Milestones Writeboards Chat Time Files

Project overview & activity New message New to-do list New milestone New file

& Al e AlAl &+ €3 https:/ fiic.grouphub.com/projects/ 700257/ project/log

Welcome to the Tasting Room

This is the collaborative space for those who do simulations of star forming
regions, and those who observe them. It was inspired, in the Fall of 2006, by the
NSF proposal entitled “Star Formation Taste Tests,” by A. Goodman & E.
Rosolowsky. Today, it is used to host conversations about and short descriptions
of simulatons, along with links to longer descriptions (e.g. Journal articles & web
sites). In the future, we are planning to connect more enhanced descriptions of
those simulations directly to online code bases and sample outputs, via the new
CADAC site. So, stay tuned.

LN e RIL 2009

MONDAY, 13 APR
m Relevant References relating to Bayesian Methods Rahul S.

UESDAY, 7 APR 2009

BT ™ dustfit slides.odf Rahul S.

WEDNESDAY, 18 FEBRUARY 2009
Taste Tests we Plan (COMPLETE Group) Alyssa G.
Compare-PPRand-PRV-dendrograms—to-determine the Alyssa C.
Dendrograms and Simulations .
TasteTestaeetvesy o CADAC sre o Raabess Alyssa G.
Meeting (Dendrograms and Simulations
Ii»nk to http://wwwl.astrophysik.uni-kiel.de/asd/ Sarah B.

: Simulations

m Re: Heitsch et al: Colliding Flows Alyssa G.

Dendrog ind

Decadal Survey Alyssa G.

Re: "Toward a Prescriptive Understanding of Kennicutt- Alex L.
Schmidt Relations”

Re: "Toward a Prescriptive Understanding of Kennicutt- Alex L.
Schmidt Relations”

~ Q- taste test goodman alyssa

Project Settings | My info | Log-out _

People & Permissions Search Ny

IIC

E) This project's RSS feed

Subscribe to your project RSS feed and
be notified when someone posts a
message, comment or file, or adds or
completes a to-do item or milestone in
this project. What's RSS?

People on this project

HCO

Alyssa Goodman
Sarah Block
Rahul Shetty
August Muench
Douglas Alan
Jens Kauffmann
Michelle Borkin
Michael Halle
Felice Frankel
Tim Kaxiras

Tim Clark

American Museum of Natural History
Mordecai-Mark Mac Low

Héctor Arce

Cal State Stanislaus
Christopher De Vries

Calar Alto/MPI

Joao Alves

Caltech
Scott Schnee




A sample of what we’ve learned, and shared
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(3D PDF)

LETTERS

CLUMPFIND segmentation

0

Figure 2 | Comparison of the ‘dendrogram' and ‘CLUMPFIND' feature-
identification algorithms as applied to '*CO el on from the L1448

region of Perseus. a, 3D visualization of the surfaces indicated by colour:
the dendrogram shown in c. Purple illustrates the smallest scale self-
gravitating structures in the region corresponding to the
dendrogram; pink shows the smallest surfaces that contain d;
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 i
over the range of Ty, (main-beam temperature) test-level values fi
the virial parameter is less than 2. The x—y locations of the four ‘self-
gravitating’ leaves labelled with billiard balls are the sa
Fig. 1. The 3D visualizati
RA, right ascension; dec., declination. For comparison with the ability of
hie al structure, d shows a pseudo-

dendrogram of the CLUMPFIND segmentation (b), with the same four

? 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 (—0.5kms ') to back (8 kms™').

data, CLUMPFIND typically finds features on a limited range of'
above but close to the pt al resolution of the data, and its
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

64
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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

cts the hierarchical structure of a 3D (p—p—v) data cube into

y vi d representation called a ‘dendrogram’*’. Although

well developed in other data-i fi 12t is curious that the

application of tree methodologies so far in astrophysics has been rare,

and almo ely within the area of galaxy evolution, where
‘merger t are being used with incr .

Figure 3 its legend explain the constructi f dendrograms
schematically. The dendr antifi v al max
ima of emission merge with each other, and its implementation is
explained in Supplementary Method. ally, the dendrogram is
determined almost entirely by the data itself, and it has negligible

itivity 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
dendrogram of a spectral-line data cube allows for the estimation
of key physical properti iated with volumes bounded by i
surfaces, such as radius (R), velocity dispersion (g,) and luminosity
(L). The volumes can have any shape, and in other work'* we focus on
the significance of the especially elongated features seen in 11448
(Fig. 2a).
that M,
(ref. 15; see Supplement; s and Supplementa
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 ‘observe | parameter, %oy, = 50,>R/ GMjym.
In principl i fthe tree (Fig. 2, yellow highlighting)
larger
here self-
gnificant. As o, only represents the ratio of kinet
tational 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.

Intensity level

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) be constructed by
‘dropping’ a test constant emission level (purple) from above in tiny stej
(exaggerated in size here, light lines) until all the local maxima and mergers

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.

ited. All rights reserved

Goodman et al. Nature, 2009
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Initiative In Innovative Computing at Harvard

Lead investigators
Chia Shen (IIC ) and Hanspeter Pfister (SEAS/IIC)

Project staff
Michael Horn, Meekal Bajaj, Matthew Tobiasz and Matthias Lee

Description

The Scientists” Discovery Room (SDR) is a next-generation
visual digital laboratory for science discovery, collaborative [y
learning and education. Our research focuses on
experimenting with new modalities of human-computer
interaction and visualization, to create a new genre of
navigation, exploration and detailed analyses in multi-
dimensional information spaces. All projects in SDR are in

close collaboration with domain scientists and educators.

INVOLV is a generalizable multi-user interactive visualization %

framework for large hierarchical data sets. In this project,

we address the visual layout of both the primary data

representation and the overlay of alternate structures of

the same data. Our first case study is the visualization of life [

on earth based on the Encyclopedia of Life (www.eol.org)

and Tree of Life (www.tolweb.org). The user interface provides free-form exploration of more than 1.2
million named species while communicating issues of biodiversity and phylogeny. The current
visualization combines a Voronoi Treemap tessellation with innovative human-computer interaction
designs to support collaborative exploration and learning. Please visit www.involvweb.org for more
information on this project.

CThru, a collaborative endeavor with Molecular and Cellular Biology faculty, aims to develop a self-
guided learning environment. In CThru, we examine methods for constructing interactive video-based
educational modules. Using the animation "The Inner Life of the Cell" as a testbed, CThru addresses
research issues of embedding interactive visible objects, extensive multimedia information and
manipulatable 3D models within a video flow, replacing sequential video viewing with the experience of
exploring and manipulating in a multi-dimentional information space.

WeSpace is a collaborative work space that integrates a large data wall with a multi-user multi-touch
table. WeSpace has been developed for a population of scientists who frequently meet in small groups
for data exploration and visualization. It provides a low overhead walk-up and share environment for
users with their own personal applications and laptops.

LivOlay is an interactive image overlay tool that enables the rapid visual overlay of live data rendered in
different applications. Our tool addresses datasets in which visual registration of the information is
necessary in order to allow for thorough understanding and visual analysis.

http://iic.harvard.edu/research/scientists-discovery-room-lab-sdr-lab

Slideshow: Tabletop Computers Continued

By Meredith Ringel Morris

First Published December 2008

EIEmail &Print ¢ Comments (1) £ Reprints [E Newsletters

w Del.icio.us Diag Jo Slashdot

PHOTO: HAO JIANG, DANIEL WIGDOR, CLIFTON FORLINES, AND CHIA SHEN

UBITABLE: Users can interact with surface computers through auxiliary
devices, such as laptops, phones, and PDAs. The display on the auxiliary device
can convey private or sensitive content to a single user, while group-
appropriate content can appear on the tabletop display. Chia Shen and her
colleagues at Mitsubishi Electric Research Laboratories, in Cambridge, Mass.,
have explored auxiliary interactions with surface computers in their UbiTable
project, in which two people with laptops collaborate over a tabletop display.
Recently, Shen expanded the UbiTable into an interactive room called the
WeSpace. People can share data on their laptops with other people in the
room, using both a table and a large display wall. Here, three Harvard
University astrophysicists discuss radio and IR spectrum images using the
WeSpace.

http://spectrum.ieee.org/dec08/6999/9



http://spectrum.ieee.org/dec08/6999/9
http://spectrum.ieee.org/dec08/6999/9
http://iic.harvard.edu/research/scientists-discovery-room-lab-sdr-lab
http://iic.harvard.edu/research/scientists-discovery-room-lab-sdr-lab

The Scientists’ Discovery Room
(Shen & Pfister)

movie courtesy Daniel Wigdor, equipment now in Chia Shen’s SDR lab at SEAS
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The Big Picture:

Seamless Astronomy
..and the future of DDD




Seamless Astronomy
www cfa.harvard.edu/~-agoodman and worldwidetelescope.org

Realm of “Seamitess Astronomy”
Data =1t
paths to data

y g i ' exclusively ADS

“"Virtual
Observatory” '
tools of variable . (" Advanced )

utility ~ A 14 Search & P arXiv.org
s N4 InfoViz tools ‘ nature

Today, “Virtual Observatory” should really just mean
“Facilitated Online Astronomy Research”

Seamless Astronomy includes a collaboration amongst researchers from CfA/WWT (Goodman, Muench) MSR/WWT (Wong), RPI (Hendler,
McGuinness), STScl (Conti, Christian), ADS (Accomazzi, Kurtz), Chandra (Bressert, Rots, Burke) and UCLA (Borgman)
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Seamlassné@bitzhomy

AstroNavigator

Project 1

Info Viz for

Semantic
Search Search
Results
Data Viewer Archive
(e.g. WWT) Browser

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

RE: (non WWT) press conference attendance for AG or Tuesday AM
December 31, 2008 2:56:23 AM EST (result Of search)

Yan Xu , Alyssa Goodman , Megan Watzke
Becki Culbert (Swift Group) , Curtis G. G. Wong <curtisgwong@msn.com= , Jens Kauffmann , Rosalind Reid

. €6 ’
| just found Meaan's earlier email, which mentioned that the press will be in roorr 204 of Convention Centel. It is probably not Req u | res ontOIogy

too far fror our room 308.

Our setup and presentation will be in the same room: #308 (Exhibition Hall C).

Yan Interior Map on Long
BaNFoom & Meeting Hoor“_ BeaCh CC Web Site

- | & | | | & Al 25 4 | @ hup:/ fwww.longbeachcc.com/meeting.hi

[T]1 MNature Toodledo DendroStar Harvard IIC: Projects Wikis Etc.v Google Calendar E Image Searchv ADS Best Dini ,griesv RS5 (1501)

102 ‘W

= House lighting, venrtilation, heat or air conditioning as
reguired during open times. Erergy conservation is of

° [
“ ” prime concern to the Convention Center and minimal light
and comfort Ic;vels will be maintained _du_rir'; mowve-in and

202 'We

move-cut periods. Rehearsals and similar pre-event
activities will be maintained accordingly

T wsekeeping services during open hours in aisles,

! = ' - — - - - - - : - ‘idors, I::nbb-,.a. open spaces and restrooms, plus one
« & |"£‘1 (] i 4 | 2 http://maps.google.com/maps?client=safari&rls=en-us&ie=UTF-8&oe=UTF-8&um=1&g=Iong+beach+cen ~ O~ long beach convention center ough cleaning of these same areas during non-open

[0 Nat Toodled DendroSt, H d 1IC: Project: Wikis Et G le Calend 558 1 S h ADS Best  Direct RSS (1501 B dADS Delici H hel » [s: M&&‘IIF‘” rooms wil be cleancd between 12 AM and
: 54 hd - v Ad v N
ature oodledo endroStar arvar rojects ikis Etc. oogle Calendar mage Searc es irectories ( } eyon: elicious lerschel 1 nightly urless prier arrangements are made with

,ca-Go

[9A97] WwooJ|eg

Web Images Maps News Shopping Gmail more v goodman.alyssa@gmail.com | My Profile | Help | Web History | My Acceount | Sign cut r Event Manager.
ater service will be supplied to head tables and
. . T P iums only. All other water service needs must be
C() ( "8 [C pine avenue long beach, ca Search Maps | Show search options sred through your Catering Sales Manager.
Maps e basic set up is included with the daily rental.
itional set ups are charged based upon half of the daily

Get Directions My Maps . iste T rental.
; -4 : pe-time basic room set per rented event day. Meeting

|9Aa 8sinoouon

0L WH

. . sy A ms included with an Exhibit Hall rental include a one
Pine Ave | [y S ; 4y e b= A1 4 basic room set for the run of the event.

Long Beach, CA y ol " i 7 <" = s a1 |lly equipped first-aid facilties. Does not include

- \ fing. An Emergency Medical Technician will be

eduled through your Event Manager.

& of the outdoor marguee, as available. The marguee
nited to information directly related to Licensea's

ities within the Convention Center. All messages must
re-approved by Convention Center staff. (Please see
keting kit for all in-house Marketing and Public

ations details pertaining to your event).

i

Area Map, with Photos
& Street Names from
Google Maps

S5 T 0 T

Seaside
Lobby

o apeusw0lg sl

o st aid staffing with Emergency Medical Techrician will
/ srovided at current rates.
M tensee is responsible for removal of bulk trash, crates,
= / ats, packing materials, lumber, etc. prior to show 305
A ning and T::nlla-\-\-'irg mowve-out.

sket sellers, ticket takers, ushers, security, stage

ds, and event operations shall be provided by the
wention Center and billed to Licensee. E
sformance stages, exhibit tables and dance floors.

— ———
302 301

Seaside Avenue
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“Inference”: ...Oh, that building with the funky paths outside is the Hyatt... what if I...
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Long Beach Overview

Long Beach Hotels
Hyatt Regency Long Beach

Flights to Long Beach

Long Beach Deals
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Map
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Hyatt Regency Long Beach
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Hotel photos
Map this hotel
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COMPARE PRICES

Virtual tour

200 South Pine Avenue, Long Beach, CA 90802
Property Type: Hotel ?

Full service hotel with water views from rooms. Walking distance to 100
shops and restaurants, Aquarium of the Pacific. Centrally located for
EAsY...
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Hyatt Regency Long Beach: Save Up To
50% On Hotels €) Smart Deal

View Hotel Photos, Reviews & More
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Best Rates Guaranteed.
Book Direct.
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Embedded Outflow in HH 46/47 Spitzer Space Telescope * IRAC
Incot: weisio bght (U55)
NASA / JPLCaltoch / A Nosegs-Ceaspo (SSC/Cakech) vecd

Media Contacts

Credit: NASAIJPL-Caltechi . Norega-Cres

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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“Ontology” “Measurement”

Seamless Astronomy: “Configure This”

AstroNavigator

Project 1

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

Monday, May 18, 2009


http://timemachine.iic.harvard.edu/site_media/nessus/proto1/proto1.html
http://timemachine.iic.harvard.edu/site_media/nessus/proto1/proto1.html
http://hea-www.harvard.edu/DASCH/index.php
http://hea-www.harvard.edu/DASCH/index.php

“Modular Craftsmanship”

AstroNavigator

Project 1

Semantic
Search

- Xx

< 109 P

il el VAL

Mockup based on work of Eli Bressert, excerpted from NASA AISRP proposal by
Goodman, Muench, Christian, Conti, Kurtz, Burke, Accomazzi, McGuinness, Hendler & Wong, 2008
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Prototype “Faceted” Browsing
(using very lightweight “Ontology”)

Start search
2 filter criteria

* Wavelength coverage: Infrared
e Text Search: "quasar” VizieR keyword
Order Commands QSOs (35)

Redshifts (9)

Wide-band photometry (9)

40 items 1(28) 2(12)

itati Spectroscopy (6)
ted by Citation [Ato Z I : SCOP)
1234 next» Galaxies (4

Photometry (3)

Whita Numef ctare

QSO MgllI absorption line systems (Drinkwater+, 1993) - Quasars observed

Wavelength coverage

Authors "IS"pC
Drinkwater M.J., Webster R.L., Thomas P.A. Catalog Radio (16)

Content Level Optical (15)
Description Research UV (13)

The results of a large R-band imaging survey of 71 bright (m(V)<18) quasars are presented. The
quasars were chosen from published samples which have intermediate resolution optical
spectroscopy available, so the presence of low redshift Mg II absorption lines can be determined.
We have searched our data for galaxies close to the line-of-sight to the quasars, which we might
be able to identify with the absorption systems. We find a high coincidence between galaxies very
near the line-of-sight and quasars showing absorption systems in their spectra, a result consistent
with other studies. These galaxies have a mean luminosity of 0.5L_star_ (assuming they lie at the
absorption redshift). The distribution of impact parameters between the galaxies and the quasars
extends with a flat distribution to large radii (>30h”-1"kpc). This suggests that the absorption
systems may not be gravitationally bound to the observed galaxies, but may be part of larger
extended systems. We also find a significant number of galaxies near the line-of-sight to the

courtesy Douglas Burke, CfA/lIC
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VizieR collection
Tables from Astronomical

Journal
Bibliographic Code
1993AJ....106..848D
Original data

[external link]

X-ray (13)

VizieR catalog collection

Tables from Astronomical Journal (16)

Tables from Astrophysical Journal Supplement Series (13)
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What about DDD...

...Is easier now than before?

fast computation, animation, 3D

...was easier before than now!

craftsmanship

...should be easier in the future?

modular craftsmanship
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| think we can aim for general, interoperable, (viz)
tools with a “modular craftsmanship™ approach.

XivA

...should be easier in the future!

modular craftsmanship
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So many thanks, to...

Astronomical Medicine & 3D PDF: Mike Halle, Michelle Borkin, Jens Kauffmann,
Doug Alan, Ron Kikinis, Erik Rosolowsky, Nick Holliman, Jonathan Foster, Jaime Pineda,
Héctor Arce, Dave Kennedy, Mark Thomas, Timo Hannay & Phil Campbell

Touch: Chia Shen & Hanspeter Pfister
Taste: Erik Rosolowsky & Rahul Shetty

WorldWide Telescope: Curtis Wong, Jonathan Fay & Gus Muench + MSR supporters

Seamless Astronomy: Gus Muench, Eli Bressert , Doug Burke, Alberto Accomazzi,
Michael Kurtz, Jim Hendler, Deborah McGuinness, Curtis Wong & Jonathan Fay + MSR
supporters

and

IICers: Tim Clark, Felice Frankel, Hanspeter Pfister, Ros Reid, Helene Tingle, Lincoln Greenhill, Pavlos
Protopapas, Tim Kaxiras ... +so many others!+

11C Supporters: Steve Hyman, Venky Narayanamurti, Greg Morrisett, Joy Sircar, Ash Munshi, James
Cuff, Jill Altshuler, April Edrington, Alan Gordon, Sarah Block & the IIC “Steering” Committee, including
Kathy Buckley & Russ Porter + our fine Colloquium audiences!

..and my family, for putting up with all this.
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