Seamless Astronomy

Alyssa A. Goodman
Harvard-Smithsonian Center for Astrophysics

with Alberto Accomazzi, Rahul Dave,
Gus Muench & Michael Kurtz (Harvard-Smithsonian CfA);
Tim Clark (Massachusetts General Hospital/Harvard Medical School);
Jonathan Fay & Curtis Wong (Microsoft Research)

+extended & upcoming collaboration with Chris Borgman & Alberto Pepe* (UCLA);
Doug Burke; Sarah Block, Pepi Fabbiano, et al. (CfA); E. Bressert (U. Exeter);
J. Hendler & D. McGuinness (RPIl); A. Conti & C. Christian (STScl); A. Connolly et al. (U.Washington)



What can today’s Astronomer's “Research” look like?

Research

In my Astronomy research, I am primarily interested in how the gas in galaxies constantly re-arranges
itself over huge time spans to constantly form new stars. I have also had a long-standing interest in data
visualization, and in improving the use of computers in all aspects of scientific research. I teach a course
at Harvard called "The Art of Numbers,” and I am very involved in the WorldWide Telescope Project,
which brings astronomical data to everyone through an interface that demonstrates data delivery for the
21st Century of "e-Science.”
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“Virtual” observing
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This simple argument, first made at the 2009 WWT
session at American Astronomical Society Meeting,
seems to be working...

“Astronomy research tools should work as
seamlessly as travel research tools.”



“Astronomy research tools should work as
seamlessly as travel research tools.”

When the concept of a "Virtual Observatory” (VO) was first discussed by future-looking
astronomers in the mid-1990s, all thoughts were about distributed data and a common system to
access it. But, information access on today's web primarily works in the reverse: distributed tools
accessing common data centers. Capability and ease-of-use improvements to the web typically now
come in the form of nesting, aggregating or connecting tools. Think kayak.com, iGoogle, or
Bing Maps. In the "Seamless Astronomy" view to be discussed, today's "VO" should be thought of as the
ever-improving set of data archives, tools, interconnections, and standards that strive to
make astronomical research as "seamless" as travel research. The good news is that the cutting-edge of
the astronomical research environment is moving rapidly in this seamless direction. The most savvy
institutions are beginning to realize that the original VO model of data distributed on thousands of
individual researchers' desktop hard drives is not a sustainable model, and that they need to offer data
hosting, archiving, and stewardship services the way libraries offer such services for printed
matter. Software tools are becoming much more interoperable thanks to protocols for message-
passing such as "SAMP." And, the improved speed of web applications is to some extent removing
platform-dependence as an obstacle to programmers and users alike. The bad news is that

of the tools that this new nirvana offers, and instead still conduct
online research in the same way they did a decade ago. In this talk, | will focus in particular on how our
recent work on connecting Microsoft's WorldWide Telescope program to other commonly-used
astronomical research tools--most notably literature searching tools--has made the astronomical research
environment more seamless. More generally, | will emphasize and demonstrate that an ever=-increasing
diversity of tools allow researchers to carry out a particular research task, so that the important
research for the future lies in figuring out how to make the tools, their interconnections,
and their connections to data and literature resources useful and well-known to the
astronomical community.

(Abstract of the Evermore Seamless Astronomy presentation by A. Goodman at the Microsoft External Research Symposium,April 2010.)
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Star-forming gas in young clusters
Philip C. Myers

Comments: To appear in Astrophysical Journal, May 2010
Subjects: Galaxy Astrophysics (astro-ph.GA)

Initial conditions for star formation in clusters are estimated for protostars whose masses follow the initial mass function (IMF) from 0.05
to 10 solar masses. Star-forming infall is assumed equally likely to stop at any moment, due to gas dispersal dominated by stellar
feedback. For spherical infall, the typical initial condensation must have a steep density gradient, as in low-mass cores, surrounded by a
shallower gradient, as in the clumps around cores. These properties match observed column densities in cluster-forming regions when the
mean infall stopping time is 0.05 Myr and the accretion efficiency is 0.5. The infall duration increases with final protostar mass, from 0.01
to 0.3 Myr, and the mass accretion rate increases from 3 to 300 x 10~ (-6) solar masses/yr. The typical spherical accretion luminosity is
~5 solar luminosities, reducing the luminosity problem to a factor ~3. The initial condensation density gradient changes from steep to
shallow at radius 0.04 pc, enclosing 0.9 solar masses, with mean column density 2 x 107(22) cm~(-2), and with effective central
temperature 16 K. These initial conditions are denser and warmer than those for isolated star formation.
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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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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

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 hierarchical structure 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
explained in Supplementary Methods. Critically, the dendrogram
determined almost entirely by the data itself, and it has negligible

entation
ble 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. 2
nline) and a sorted dendrogram (Fig

A dendrogram of a spectral-line data cube allows for the estimation
of key physical propert sociated with volumes bounded by iso-
surfaces, such as radius (R), velocity dispersion (¢,) and luminosity
(L). The volumes can have any shape, and in other

ty is an a
scoLizco, where X 500 = 8.0 X 10%°
e Supplementary Methods and Supplementa
The derived values for size, mass and velocity di
timate the role of self-gravity at each point in the hier:
a calculation of an ‘observed’ virial parameter, tops = 50,>R/ GMiypm.
nciple, 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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Jim Gray (& Alex Szalay) had it right (in 2004)
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How do we increase the fraction of astronomy
researchers who know about these tools?

+Suggestions?!
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CfA Virtual Observatory Users Group
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Contributors
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Files

Glossary
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Home

This website provides a platform for sharing resources,
workflows, and basic organizational information about
networked astronomy databases and tools. Its intended
audience includes anyone performing astronomical research
online. It originated from the activities of scientists at the
Harvard Smithsonian Center for Astrophysics in Cambridge,
MA.

By Virtual Observatory (VO), we mean all forms of network
tools, databases and websites that are utilized for
astronomical research.

By Users Group, we mean a group of individuals who meet
approximately monthly to discuss their solutions and
problems with doing their research online.

Search this site

Messages

More on NSF data management... Since the
Sciencelnsider article, NSF has since issued a press release
about requiring data management plans as partof all NSF
funding proposals starting in October 2010:"This is the ...
Posted May 12, 2010 12:23 PM by August Muench

May 2010 Meeting reminder. This is a reminder that the
next VO users group meeting is: Tomorrow, May 7th 10-11am
Pratt Conference Room. Data "publishing” is the subject for our
meeting and | ...

Posted May 6, 2010 1:41 PM by August Muench

NSF Guidelines on Data Access Sciencelnsider reports
that NSF is moving towards requiring thata data management
plan to be submitted as part of future NSF grant applications. To
quote:NSF's current policy requires ...

Posted May 6, 2010 1:23 PM by August Muench

May 2010 Meeting date/time Our next meeting will be 10-
11am Friday May 7th in the Pratt Conference room (60 Garden
Street). Our inaugural meeting touched on many topics from
software to data archiving ...

Posted Apr 28, 2010 1:14 PM by August Muench




How do we increase the number of people who
create and interlink new tools?

Kiva model ', proposed at MSR in semi-jest in 2009...

R

Now being implemented through VAO “Associates”
and WWT Partners.



How do we organize such diverse tools, so as to
make them interoperably useful?....

“SAMP” is a great technical start, but offers a very significant
user interface challenge.
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Think about the “modules™ needed to make this work...but do the
details matter, to your research, if the system works seamlessly?
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Collaborative Astronomy at University of Washington

* Research in a Browser
— “iGoogle” for Astronomy
 Collections of simple atomic applications (gadgets)
» Users choose the view they want
 All gadgets can communicate with each other
— Customizable and sharable
« Users can build and share “mashups”

- Widgets are simple to create re e |
* Widgets call virtual observatory resources [Proect1 || ootz | Proiect |

— Efficient
« Communication is within the browser (fast) A B C
« Built from javascript (standard)

Collaborative Astronomy (Connolly, Gibson, Krughoff, Sayers, Smith 2010)
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Collaborative Astronomy (Connolly, Gibson, Krughoff, Sayers, Smith 2010)
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All gadgets communicate through the data gadget

Collaborative Astronomy (Connolly, Gibson, Krughoff, Sayers, Smith 2010)




Create, store and share multiple views of gadgets

Title | toggle Title | toggle
DataGadget v0.1

Title | toggle

Plot Color Magnitude
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Interaction allows selections to be shown on the viewport

Collaborative Astronomy (Connolly, Gibson, Krughoff, Sayers, Smith 2010)
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WWITA Program Coordinator

Annie Valva
WGBH Interactive, Director of Research & Development

Curtis Wong
Microsoft Research WWT & More




WWT Ambassaders

Who!
Harvard/CfA,VWGBH and Microsoft Research staff in
collaboration with Volunteer Ambassadors

What!
Future-leaning way to teach and learn STEM concepts

How!?
Use new WWT platform to give experts and learners
access to the Universe

Where!?
Public spaces and schools in a variety of regions



www.cfa.harvard.edu/
Harvard University, WGBH & Microsoft Research
Alyssa Goodman, Patricia Udomprasert, Annie Valva & Curtis Wong WWTAm bassado rS/

WorldWide Teleaccpe [WWT)

Telescogpe Ambassafors

+ | http:/ /www.cfa.harvard.edu/WWTAmbassadors/

WorldWide Telescope

Ambassadors Program

WWT Tours

WorldWide Telescope (WWT) is a rich visualization
Galileo Tour environment that functions as a virtual telescope,

! Project Team allowing anyone to make use of professional
astronomical data to explore and understand the

ves universe. As of early 2010, the new WWT

i Tour-making Tutorials 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
Protected give volunteer presentations at public libraries,

{ WorldWide Telescope community centers, museums, and schools,
demonstrating WWT's power to help laypeople
visualize and understand our universe. Ambassadors
will learn how to create and publish guided "tours" of
astrophysical concepts, which allow users to display
beautiful astronomical images in their proper context

: in the night sky, while demonstrating the physical
Gal] IE‘O TOLIF principles at work in those images.

H{ow to gef

i Events

Tour creators will be able to draw upon and link tours
to highly vetted multimedia content from NOVA, the
renowned PBS multi-platform series produced by
WGBH. Virtual tours will be freely available and
centrally managed in order to form a comprehensive
astronomy curriculum for both formal and informal
educational use. The tours will be searchable and
distributed online from popular websites such as
NOVA Online and WGBH Teachers' Domain, touting
almost 400,000 registered users.

y er

(

WWT Ambassadors will help to increase science
literacy in the general public while forming
intergenerational connections within their
communities.

I astroncmy curriculom using WWNT Tours created by cur Ambassadoss

WLHK Teadhess' Domain

N F LS e Y Y O A T
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How! WWT Ambassadors Program
Using new WWT Recruiting, Vetting, Coordination

platform to give experts
and learners access to
the Universe

|--m-|l'

Fe@y e . _
" Presentations
i T R L g

Search

data,
literature,
media

Galileo'sWNew Order.fp4

Ambassadors Pearurwre



http://www.youtube.com/watch?v=_DiJkv_TosQ
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WorldWide Telescope Scavenger Hunt
Mac Web Client version
Grade 6 Science

This Scavenger Hunt is designed to help you learn how to navigate around and research objects
in the night sky using the WorldWide Telescope Web Client.

You and your partner(s) will search within WorldWide Telescope for various items, and answer
questions about the things that you find.

Some Tips:

"Home" settings.
If, on your explorations, you find yourself in a state where what you see doesn't match up with
what's described in this sheet, please verify that the settings are as follows:
1. Along the top row, click "View." (note that you should click the top part of the button, not
the lower part with a little downward pointing triangle in it.)
a. Inthe lefthand box: uncheck everything except “Figures" and "Ecliptic.”
b. In the 2" box from the left, check everything.

N,
R e

;‘;} - /
S

VN

Clarke Middle School, Lexington, MA (WWT Ambassadors Pilot School)




“Why is one polar ice cap on Mars bigger than the other?”
— Clarke Middle School 6*" Grader
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Michelle Bartley interviews her é6"-grade science class about WWT
December 19, 2009




“I never knew programs like this
could even exist. It’s just amazing.”

—Clarke Middle School 6% grade student

More quotes from Clarke 6™ Graders

“Learning about our Universe by actually seeing and exploring it makes it easier to contemplate
and more fun.”

“You can explore the Universe yourself and you don't always have to only learn from the
teacher.”

“It gave me a better mental map of the universe.”

(And of the 72 surveys we've collected, 71| are positive toward WWT Ambassadors.)



Why?
Increase STEM literacy in US now.
Demonstrate cyberlearning’s value to the

Varbal

Symbels, Maestro eLearning Pyramid

e The real thing
Do e Simulation
e Make a decision
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e Answer a question
e 3D Animation
See e Watch a demonstration
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WWTA Pilot Results

Group B (Traditional) Group A (With WWT)
Nbefore=77; Naﬁer=75 Nbefore=75; Naﬂer=8 |

What is your level of ; |

interest in Astronomy?’ - |
What is your level of

interest in Science? e —— ——

How much factual knowledge

do you have about astronomy? e —— S——

How much understanding do you

have about topics in astronomy?
How well can you visualize
Sun-Earth-Moon relationships? — J— — —

How interested are you in

. — —
using a real telescope?’
! | i 1 ! l |

-0.5 -0.25 0 0.25 0.5 0.75 1.0

Effect Size: Gain (or Loss) in Units of Pre-Test Standard Deviation
(Error bars show * | Standard Error of the Mean)




Where! ... and When!

Public spaces and schools in a variety of regions

Pilot @ Boston Area

Phase II: US-wide; Phase llI: International

Phase | candidates @ Tucson,AZ; Seattle, WA; Appalachia; Gainesville, FL; Fairbanks, AK

(
D
\ 1
S \\
<~ Thes
Olynipia WSHINGTON _:’ \
- Spokaiie
"
~ D
pland A ~ .\,|... uls QMinoe
- Safenmy - - & Lewist Great Faty/ o
M iramd Fogis Supe
- Carvittie 3 - M N A N A 5 . L iy, MAINE
b w Vo> : *letena N R o ? 3
al'rudhoe t ~ X Ny ol DAKOTA langorg
- > Sage il . | Dualuth ¥ ,
V. G Miagcnc = itling P $ - - Ry ®Augusta
Trase % - ™0 RR( Farpo 2 _MINNESOTA MICHIGAN Befingt
, Pigetine / - RGO N Vo A o 8 gy Slawiston
b)) < - U wiscoNsIN o Montpelier® | V05 '@ Wortiand
Afoust = | N ‘W
- ¢ u\‘\m“ @ \tedi Nampa® L g sheridan @ @ Aberdeen o BT St Paul & .\| W 3
< 4 ! N Wapr Fal SOUTH I ARGT A polisTy Coeentin ) & MICHIGAN o ario JYORK S
o An(horage o % _» 7 LN = e 3 qpb Syracuse 3 G .
- o hy Twin Fally® 0 WYOMING [rapd = Rochester < e Albany ™ L Ben.
~ ox v sl % ki oy X . Ilv,mn‘\l Wiat . ‘ Springfich Y ¢
~ ‘ = . - Siouy Falls ), Mitvan Rev S P ! RN ford
Madison S 1 Rk N s cn
. Opden Hoch Springs Shouy Cieg Lo w A Priacing. Lansing Desron ! ke | \\\T| VANTA O o
A/ = ' - Codartopigs "RRNED  KChicago Arn Arbor BNNVERADEAS e York
: 5 e 3 2 gt 6 Fevetand e gt wy
° A . Splt Lake Ciry " Cheyenne- N E BJR A S K A Deg Mofnes Dinvenport Thes fend " \"Toledo Alron H‘y[;n:!_:llmrx
Prove 2 |...|\.l|m. ~ . Omalia 2 i A 2
Greckey MAMLAND @ 4
ot Grand  Lincoln ok INDIANA s SRR
T { Islan  adiand ERNOTS Columbs ~ $ Sy
: ndianipolisi® Dayton Vi unapolis
<= COLORA Springficld ¢ ' VIRGINIAS + WASHING TON |
Grane 1 \ DO Clnenmt, I
Junctie Coboradk - i t Chardeston .5 I TLANTIC
‘ ‘ o Springs ~ e f‘i""r;“‘-"‘ : Lobisville Vg 0 -0 N Ilu»hm;mxl
(33 Pactilo KEANSA e Mersony) S bouls -y FNew |
C m C \ S . C 3
u n e a e I = o0 Evnaavit \..” VIA GENEA S Rorfoll OCEAN
i
o Canron e ‘ Wichity 34 MIES £0 UR I KENTL o Winsion
= ; Salem, Greemshoty
L p Sprisgficld Rolele
OKLAHOMA ; 4 Raleigh
. 99 ° : T santa k¢ Tulsa . Nashville Rpoxill NNORTH CAROLINA
& =+ Oklahoma A o arettevilic FENNF { Q ORTH A )
$ City \RKANSKS S S | X = Charlodie .
NI Z 0 N A < £ 3 Spartaniners TR TATES
Beqecridl SV Ny Fort S ek Y CaHamoati e UNITED STATES
. e Ladtle Rock et Columbia SO FoiaiLandiAres 1D R
v / Hot Springs ® fine pF 4 Atlanta CAROIINA - o
i EJ GO Birdsingham 3
& foswell Tt Fane Codumbus e iarieston POPULATION
Las Cruoes Fort Worth Diallas = MISSISSIPPL = :
o o ABaBAMA GEORGIASvanuah ver 5000000 |
¥t PascS Shreveport 3 Meridian L Montgomery a
\ S % s Jackson over 1 000 000
, o % :
i & R ®Lathestirg 500 000 | @
LOYISTANA , (&) Jachsomill aver 100 000
/ s o7 Mgbite Tallaliasse vt
2 Batdn-. - ~ Bioxi B A
// / A Houston nﬂll;‘q‘ SOy Orfeans ver 10000 .
> under | 0
C ’ p = *'San Antosiy i S s
‘7 =, Tamph
4 2 St Petersburg € . LAND HEIGH'T
Ao - ! g 0 F M E X 1 ¢ BAHANIAS
0 ety S000Mm/9E430
W r | I N CiFort Laudenlale 3000m/ 90434
. it J G . ) 100 him Miami 2000 /65620 -+
S u I e u e ——
m tt 0 400 mi
Halo W0/ 16400
Hawaii 200m/6360
Sea Level



