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

Jim Gray & Alex Szalay

Typical Astronomers Today

M[=

Astronomers who travel & use facebook...




Astronomers & the V.O. c. 2006
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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 £5T (reSUIt 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 Meagan'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).

Thanks, s
Mih Interior Map on Long
e eneneren - Bageh CC Web Site

- | & | | | & 25 4 | @ hup:/ fwww.longbeachcc.com/meeting.hi
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= House lighting, venrtilation, heat or air conditioning as
° “ (] ” reguired during open times. Erergy conservation is of
I r rl n prime concern to the Convention Center and minimal light
and comfort levels will be maintained during move-in and
move-cut periods. Rehearsals and similar pre-event
activities will be maintained accordingly
) ) T wsekeeping services during open hours in aisles,
T = ~ - - ‘idors, lobby, open spaces and restrooms, plus one
4 & Al e 25 ough cleaning of these same areas during non-open
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. . 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.
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 int 1 rental.
p : PIE P % -4 pe-time basic room set per rented event day. Meeting
' b ! I n_ms included with an Exhibit Hall rental include a one
Pine Ave a i A , : e B = A1 k basic room set for the run of the event,
Long Beach, CA ; ] | ij a4+ |y equipped first-aid facilties. Does not include
: 2 3 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).
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“Readable Labels” ; “Highlighting” ; & “Measurement”

in order to yield: “Inference”:..Wow, that’s about 600 feet, hope we can change the room!
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. And, what about that
+ | S hitp:/ fwwwtripit. ftrip/show/id/994306 .
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get the truth. then go”

Ower 20 million traveler reviews & opinions of hotels, vacations & more

Long Beach Overview

Long Beach Hotels
Hyatt Regency Long Beach

Flights to Long Beach

Long Beach Deals

More On Long Beach

Before You Go
Things to Do
Restaurants
Map

Traveler Photos

Forum

Long Beach Deals
Discount Hotels
Hotel & Air

All Travel Offers

Interested in Hyatt
Regency Long Beach and
Long Beach?

We'll send you updates with
the latest deals, reviews
and articles for Hvatt
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Home =+ United States =+ California (CA) = Long Beach =+ Long Beach Hotels

Hyatt Regency Long Beach

1"'-""" Hotel class:

m EEH Rooms: 510
Hotel photos

Map this hotel

Hotel amenities
Virtual tour

COMPARE PRICES

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...

mare #

Check Rates and Availability:
Check-ir Check-out
10/2/2009 10/9/2009 1] s

Avg. Price

Adults

R Orbitz.com
R hotels.com

R Expedia.com
R LongBeach. Hyatt.com
R Travelocity 1 HotelClub.com

R Priceline.com 1 Gtahotels.com

CHECK RATES!

©XC)

TrimAduicnr Travalar D=k P..-:».;n!i

ADS Best

~(Q

Directoriesv RS55 (1501} BeyondADSw Delicious

My TripAdvisor Signin

Register Now!

Hyatt Regency Long Beach Hotel

TripAdvisor Traveler Rating: ?

@'®

104 Reviews

Write a review

TripAdvisor Popularity Index: 7
o hotels in Long Beach
@6

1-800-45-HOTEL

Click here for best prices for
Hyatt Regency Long Beach

Hyatt Regency Long Beach: Great rooms
from $115 €) Smart Deal

Photos, Reviews and the
Guaranteed Lowest Prices

Hyatt Regency Long Beach: Save Up To
50% On Hotels €) Smart Deal

View Hotel Photos, Reviews & More
Compare & Save on Hotels at Orbitz

Hyatt Regency Long Beach: Official Site
) 5mart Deal

Best Rates Guaranteed.
Book Direct.

Hyatt Regency Long Beach: Official Site.
€) Smart Deal

Dot Dlmdoe:
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“Ontology”
“GIS/Layering” “Search’”

What’s needed?

“Progressive Resolve” “Registration”

“Selection”
‘“Readable Labels”
“Highlighting” “«Zoom”
“Custom Site” “Measurement”

({4 b )
“Off-the-Desktop” Inference
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What's possible now?

“Progressive Resolve”

“ 99
“::::h” ‘“Readable Labels”
“Highlighting”
“Selection” “Custom Site”
“GIS/Layering” “Inference”
“Registration”
“Off-the-Desktop”

“Ontology” “Measurement”
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WorldWide Telescope

i |+ Qhup / Iwww.worldwidetelescope.org/webclient/default.aspx?wiml=http%3a%2 M2 fwww.worldwidetel ~ ' Q-

m Guided Tours Search Community View Settings

Collections > Open Collactions > HH4647 > 1of ]
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* Explore Search etc. (Ba5|c Functlonallty)
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Image ssc2003-06f

3 ‘ A |+ 'ﬂhttp//mvw.spitzer.caltech.edu/.‘-‘.edia/releases/ssc2003-06/ssc20C-* Q-

+Jot Propulsion Laboratory

@/ Spltzer space Telescope - Califorria Institute of Technology

« Vision for Space Exploration

Home Images Newsroom Features About Spitzer Search / Site Info
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Press Releases i
— Chronological INTRODUCTION PRESS RILEASE VISUALS QUICK FACTS
— By Subject

- Quiside Institutions

What's Happening
Archive

Visuals

-~ Image Use Poicy
Update Notifications
- Mading List

- RSS Feed (XML)
References

- Fast Facts

- Press K& (.pdf)
- Fact Sheet (.pdf)
- Field Guides

— Glossary
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Embedded Qutflow in HH 46/47 Spitzer Space Telescope « IRAC

vaive lpe %)

Medla Contacts

NAZE / I Caltach / A Nosega-Crespo (SO0 Catech) e 2003064

Cradit: NASANPL-Cakechd'A . 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

LILE ALIATT i o mbwmliiomm sssmmamlo of o lowss momon oeonbonboe sinobiomes o iob sod seocbios o binoloe o b nideod sodfloss: Tho aonbtenl
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f I iCk r Ay s5a_ {new) Help Sign Out

Home You Organize Contacts Groups Explore [ 1 Search

HH4647

Uploaded on January |
by Alysss Goodman

Alyssa_Goodman's photostream

This photo also belongs to:

Embedded Qutflow in HH 46/47 Spitzer Space Telescope * IRAC
Incot: weiio bghe (U55)
NASA / JPLLCaltech / A Nosege-Craspo (SSC/Cakaech) vc2003-06¢

Additional Information

Monday, November 16, 2009



Seamless Astronomy

AstroNavigator

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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astrobitz!

Getting Started | Sign ]

te ra b itz every bit on real estate

istings Locs Safety Financing Professional Misc

N = ! J‘ ' -
@ > - A - 1] e

Grocery

Local Photos Alrports Cafes Cinernas Fost Food Gos Stations

Slores
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“Progressive Resolve” “Side-by-Side

Comparison”
‘“Readable Labels”

“Highlighting”

“Custom Site”

“«Zoom?”
“Search”
“Selection”
“GIS/Layering”

“Inference”
“Registration”

“Off-the-Desktop”

“Ontology” “Measurement”
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GOing Slideshow: Tabletop Computers Continued
By Meredith Ringel Morris

“Off-the-Deslkto p” First Published December 2008

EiEmail & Print ¢ Comments (1) [ Reprints [E Newsletters

"

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

More information: See the SEAS/IIC WeSpace.
“Scientists Discovery Room” project pages

Microsoft

%2 Surface
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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

“Ontology” “Measurement”

Seamless Astronomy

AstroNavigator

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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A

User
Group( 1 1 1

graph of b
interconnections

E2

Use Cases

Chandra, TSC, Gen. by User Early c.;
Group (incl.AG’s shells Y Science Demonstrations 4
project), MAST-oriented “SemantiC”
— Search
] Existing “VO” Tools (using ontologies via facets and/or
e & other semantic approaches)
C/G
OCGOG
&
e El
Ons

ADS PDFs—, |
astrometry.net _
_.GSky &

: ¥ Astronavigator 1
Collaborators are working on all |7 7500

tools, also ultimately a limited

“workbench” providing

PGI‘ s Of thiS, including ontology, but
let’s focus on measurement for now...
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Seamless «“Measurement” V|2 SAM P’

AstroNavigator

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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Our “Real” Work...
COMPLETE, Astronomical Medicine & Taste-Testing

- ' i A A 4+ @ http:/ Jwww. worldwidetelescope.org/COMPLETE /WWTCoverageTool . htm# C Q-
M = newKodak EXPLO Bing WWTSL Alyssa Cood... Home Page Toodledo Harvard IC Projects Wikis Etc.v  Coogle Calendar $53  Image Searchv  fbk share Directoriesy ADS Best RSS (3387)v  BeyondADS v

COMPLETE Data Available

Center on Perseus Center on Ophichus
Full-Cloud Data (Phase I, All Data Avallable)

:
5
?
i
;

IRAS: Av/Temp Maps
FCRAO: 12CO

FCRAO: 13CO

Spitzer c2d: IRAC 1,3 (3.6,5.8 um)

o® Spitzer c2d: IRAC 24 (45,8 pm)

° < )
- ‘ » CSO/Bolocam: 1.2-mm
(-]

Q < A KKK L

EEEFEEEEF

NGC1333 Spitzer MIPS: Derived Dust Map

RA: 03h29m20s Magnitude: ; Targeted Regions (Phase
Dec: 31 : 24 : 57 Distance:
Al 09 : 53 : 42 Rise:
Az: 29 : 51 : 24 Trangt:
Set: 2 IRAM 30-m: N2H+ and C180

)
» Some Data Not Yet Available)
v v
v @
v @
MegacamVMMT': r.i,z images v (7]
Catalogs & Pointed Surveys
NH3 Pointed Survey VIR @

I B < < <B <

Image Credits:
Copyright DSS Consortium IRAM 30-m: 1.1-mm continuum

EEEE

EE

Y SO Candidate list (c2d) v v
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Star (and Planet,and Moon) Formation 101

Monday, November 16, 2009

‘Molecular Cloud Complex

- \\l‘-.(v\-l..“‘. 1% N
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—— AG’s focus...

Circumstellar Disk

/ Extrasolar System

Number of Stars of each Mass

Stellar Mass




. CQN\DI ETE =COordinated Mnleciilar mm peak (Enoch et al. 2006)
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Alyssa Goodman (IIC/CfA/FAS)
Michael Halle (IC/SPL/HMS)

Ron Kikinis (SPL/HMS)

Douglas Alan (l1C)

Michelle Borkin (FAS/IIC)

Jens Kauffmann (CfA/IIC)

Erik Rosolowsky (CfA/UBC Okanagan)
e Nick Holliman (U. Durham)
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Velocity

Cores nest in coccoons
(Kauffmann et al. 2009)

......

A role for self-gravity at multiple length scales in the
process of star formation

||||||

Gravity Matters
(Goodman et al. 2009)

Monday, November 16, 2009

Some of What \AGCICERE=C1 G118

Tripled Outflows
(Borkin et al. 2008,9)

-
r S

Shells Rule
(Arce et al. 2009)



« ¢ 5 ¢ AlA 5! 4 A https:/iic.grouphub.com/projects/ 700257/ project/log ~ Q- taste test goodman alyssa

Back 1o Dashboard | Switch to a different project Profect Settings | My info | Leg-out (HEEE)
Star Formation Taste Tests cfa
OPTP Messages To-Do Milestones Writeboards Chat Time  Flles People & Permissions  Search I

Project overview & activity . e N . N I IC

Welcome to the Tasting Room

k) This project's RSS feed

Subscribe 10 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

Tasting

This is the collaborative space for those who do simulations of star forming Avesa Goodman
l I 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
ot of simulatons, along with links to longer descriptions (e.qg. Journal articles & web
O rm atl O n 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.

Sarah Block

Rahul Shetty

August Muench

Douglas Alan

Jens Kauffmann

Relevant References relating to 8ayesian Methods Rahul S
Michelle Borkin
- 4octfin slides.ndf 2ahul S Michael Halle
Felice Franke
jste 1 an (COMPLETE Group) Alyssa C

Tim Kaxiras
Compare-PRR-and-PEV-denarogramsto-determme e Alyssa G

-

- - im Clark

Faste-TFeshing-detvery 1o-CADAC-pro-10-Rinaberg Alyssa G American Museum of Natural History
Meetrng
Mordecal ~Mark Mac Low
nk to http://wwwl.astrophysik.uni-kiel.de/asd/ >arah B
Héctor Arce
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Magnetohydrodynamic Simulations

Dimensions: 40000. AU Withou dback Time: 0.yr
4 : 1
> 2 -, (
Molecular Cloud Complex-
v 4 2 v i N ) F r y »
Star Cluster
' -" .
. ‘ ‘. | . ‘ >
. » “ o,
» ™ ‘
l L L L L l A A L 1 l 1 L Y. e agyga [—
-1.0 0.5 0.0 0.5 1.0 1.5 2.0 -1.0 0.5 0.0 0.5 1.0 1.5 2.0
Log Column Density [g/em’] Log Column Density [g/em’]

Matthew Bati

Simulations of Bate 2009

Monday, November 16, 2009




Tasting

>2D

simulations ]
observations

Monday, November 16, 2009



The Taste-lesting Process
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The Role Self-Gravity in Star Formation

Monday, November 16, 2009

(Tasting)

LETTERS

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 su ndicated by colours in
the dendrogram shown in c. Purple illustrates the smalle: ale 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 Ty, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The ions 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 (a and b) can be rotated to any orientation, and surfa n 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 i
Fig. 1, and velocity with respect to the Local Standard of Rest increas

front (—0.5kms ") to back (8kms™").

data, CLUMPFIND typically finds features on a limited 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 s n be used to
show either that the frequency distribution of clump mass is the same

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
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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
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 i 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

bgram quantifies how and where local mz

ima of emission merge with each other, and its implementation
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
hich eliminates dimensional information on the is 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. 2a

nline) and a sorted dendrogram (Fig. 2

(L). The volumes can have any shape, and in other work'* we focus on
the significance of the especially elongated features seen in L1448
ty is an approximate pri for , such
em’K ™ 'km™'s
Fig.
ion can then be
used to estimate the role of self-gravity at each point in the hierarchy,
via calculation of an ‘observed’ virial pa 56,”RIGMium.
inciple, extended portions of the tree (Fig. 2, yellow highlighting)
where oy, vhere gravitational energy i ble to or larger
vhere self-
gravity is significant. As o, only represents the ratio o
to gravitational energy at one point in time, and do
capture external over-pressure and/or magnetic fields', its measured
value should only be used as a guide to the longevity (boundedness) of
y particular feature.

L 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 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

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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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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