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LIBERACT introduction/demonstration by Alyssa Goodman, Harvard
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3500 years of Observing

Stonehenge, 1500 BC Galileo, 1600

NASA/Explorer 7
(Space-based

Observing)
1959

Long-distance
remote-control/

b

The “Scientific Revolution’

“robotic”
Reber’s Radio telescopes
Observatory Tower, Telescope, 1937 1990s

Lincolnshire, UK, c. 1300

“Virtual
Observatories’

b
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WorldWide Telescope

e WorldWide Telescope Ambassadors

HOME ABOUT LEARNWWT FINDTOURS EDUCATORS AMBASSADORS COMMUNITY  GETWWT

Login | Register

Search this site: Search
Collections >

10f3 b

...... ' - ydrogen Alpha Fu

WWT Ambassadors have had a busy and productive spring! We demo'ed WWT at the USA Science
and Engineering Festival and two local science festival events in Cambridge to engaged and
enthusiastic crowds of close to 2000 people. The most common refrain we heard was, "Really? | can
download this at home for free?" Ambassadors continue to be impressed by the astute questions and
observations made by children who are given the opportunity to explore our universe for the first time.
"Why is Pluto's orbit so out of whack from all the other planets'?" "Why does Jupiter have so many
more moons than other planets?" "How long would it take for us to travel far enough outside the Milky
Sky : | &F . B Way to take a picture of it?"

Look At
01:58:26

wwtambassadors.org

Login or register to post comments ® Read more

12 x| Alyssa Goodman & Patricia Udomprasert

Curtis Wong & Jonathan Fay
‘ &/ Harvard-Smithsonian Center for Astrophysics

Microsoft Research
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Gains in Student Interest and Understanding
(“Traditional Way” vs “WWT Way"”)

Group B (Traditional) Group A (With WWT)
Nbefore=77; Nofter=75 Nbefore=75; Nafterzp'
What is your level of | 9 "

interest in Astronomy’

What is your level of

interest in Science! S——— \‘ Of
How much factual knowledge b ‘ a

do you have about astror~

“ CO ~visualize

—«1oon relationships? e— J— — —

How interested are you in

. e —
using a real telescope’
| | | I l 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)
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= Guided Tours View Settings
| |

Collections > All-Sky 5.rveys > d 103 p
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Digitized Sky Suryi VLSS: VLA Low-fre WMAP ILC 5-Year ¢ SFD Dust Map (Inf IRIS: Improved Re 2MASS: Two Micro Hydrogen Alpha Fu

Seamlessly explore
imagery from the best
ground and space-based

telescopes in the world Expert led tours of
the Universe

~ Control time to study how
the night sky changes

View and compare
images from across the
electromagnetc spectrum

4 Finder Scope
e , Classification:
Much more than “just Y Spiral Galaxy
the sky at night! : in Andromeda .
NGC224
Context bar shows

3D features can take Finder Scope links to

items of interest in Context globe

you to other plqnets, RA:  00h42m42s Magnitude: Wikipedia, . b ;
stars & galaxies. © pec: 41:16:00Distance:  publications, and data, current field of view LA LI
Alt: 70 : 06 : 26 Rise: s0 you can learn more you're looking.
Az: 275 : 42 : 17 Transit:
p - ‘ Set: 00:35 e
Look At Imagery Imm Credits: - A dromeda 01:58:26
Sky ~  Digitiz Data provided by two NASA satellites, the -
— — Infrared Astronomy Satellite (IRAS) and the
== Cosmic Background Explorer (COBE). Processing
@ (:3 http://astro.berkeley.edu/~marc/dust/ .
Andromeda Three Fa« m m m NGC221 M31 RA : 00h42m40s —

Dec: 41:13:35

—
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Seamless Astronomy

Realm of "Seamiless Astronomy”

Any and all — L(:éf/‘@é[é/‘&———j

paths to data

MAST “Virtual
' Observatory”™
\ tools of variable (" Advanced )
rmS@(,\g@,{ : utility Search & gQ_S)gle

InfoViz tools

ANTBRONOMY

\

| Standalone Analysis Software L1448

« @ &91DL

. VAN
projects.ig.harvard.edu/seamlessastronomy

Alberto Accomazzi, Christopher Beaumont, Douglas Burke, Raffaele D’Abrusco, Rahul Davé, Christopher Erdmann, Pepi Fabbiano,
Alyssa Goodman, Edwin Henneken, Jay Luker, Gus Muench, Michael Kurtz, Max Lu, Victoria Mittelbach, Alberto Pepe, Arnold
Rots, Patricia Udomprasert (Harvard-Smithsonian CfA); Mercé Crosas (Harvard Institute for Quantitative Social Science);
Christine Borgman (UCLA); Jonathan Fay & Curtis Wong (Microsoft Research); Alberto Conti (Space Telescope Science Institute)

ﬁ"h osoft 4
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fine with Jupiter and equal in magnitude

Galileo Galilei

(1564-1642)

12l LoudNUNCIVO

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\“L‘,\[ western one 2 minutes; .ll]d [}M‘ \)(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

e Y g b o

n a straight line, as in the adjoining figure.

he casternmost wa
listant 3 minutes from the next one,

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. Their 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

ast * K O X x* West

mne, while he was 4 minutes from the next western one, and this
one was 3 minutes from the westernmost one. They were all equal
and extended on the same straight line along the ecliptic.

On the fifth, the sky was cloudy.

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

-ast * O *x West

n the adjoining figure. The eastern one was 2 minutes and the
vestern one 3 minutes from Jupiter. They were on the same straight

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

Notes for & re-productions of Siderius Nuncius
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Seamless Astronomy: ADS All Sky Survey

Histarical | ayer
Extracted *fro [

ADS holdi
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ADS-Seamless-astrometry.net-MSR-Zooniverse

ADS-CDS-Seamless-MSR collaboration .
collaboration




Seamless Astronomy: ADS All Sky Survey
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Prototype of Articles on the Sky (2010)
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Reviving “Dead” Data

A PHOTOGRAPHIC ATLAS OF
SELECTED REGIONS OF
THE MiLky WAy

EDWARD EMERSON BARNARD

INTIRO CTREDTS LINES
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E.E Bamard's image of Ophiachus
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Oriertation 17
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verse (“Left-handed™)
Size |9 21 x 9 41 degrees

Your field contains:
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lable 1

Y ) Y o Y Candidate New and Extended Outflow Locations
DRAF:T VERSION O.CTOBER 18, 2010 . > Mass Momentum Kinetic Energy Driving Source
Preprint typeset using INTEX style emulateapj v. 11/10/09 , (Mo)  (Mokms™) (102 erg) Candidate(s)
0.05 0.19 6.93 L1448-IRS1
Ciuv e vowswom suetoav oA 0.36 0.88 21.68 L1448-IRS1
CPOC 3 03:24:30  30:50:00 10x5 0.02 0.08 2.93 L1448-IRS3
CPOC 4 03:24:54  30:43:10 4 x4 0.01 0.04 2.10 Multiple in L1448
CPOC 5 03:25:39  30:28:20 7x5 0.02 0.05 1.32 SSTc2dJ032519.52+303424.2
INVESTIGATING THE COSMIC-RAY IONIZATION RATE NEAR THE SUPERNOVA REMNANT IC 443 CPOCS  0az7ss 311980 4x3 002 0.03 0.36 Multiple NGC 1333, near HH 338
THROUGH H;‘ OBSERVATIONS!:2 CPOC7  03:28:00 31:03:40  15x12 029 179 112.00 SSTc2d1032834.49+310051.1
CPOC 8 03:28:32  30:28:20 8 x 11 0.11 0.28 7.17 Near HH 750 and HH 743, SSTc2dJ032835.03+302009.9 or
SSTc2dJ032906.05+303039.2
NicK INDRIOLO®, GEOFFREY A. BLAKE', MiwA GoT0”, ToMONORI UsupA®, TAKEsHI OKA”, T. R. GEBALLE®, BRIAN D. CPOCY 032828 31:13:20  8x8 026 0.56 12.63 SSTc2dJ032832.56+311105.1 or SSTc2dJ032837.09+311330.8
FieLps®? BENJAMIN J. McCarLp?910 CPOC10  03:28:27  31:23:20 8x8 024 0.42 7.50 SSTc2dJ032844.09+312052.7
Draft version October 18. 2010 CPOC 11  03:28:40  31:07:10 8§x6 0.11 0.27 7.01 STTc2dJ032834.53+310705.5
) CPOC 12  03:28:43  31:07:30 8x7 0.19 0.97 52.02 SSTc2dJ032843.24+311042.7
CPOC 13 03:28:50  31:27:10 6x8 0.31 0.80 21.00 Multiple in NGC 1333
ABSTRACT CPOC 14  03:28:57  30:50:20 6x5 0.03 0.05 0.73 SSTc2dJ032850.62+304244.7 or SSTc2dJ032852.17+304505.5
CPOC 15 03:29:07  30:45:50 7x5 0.19 0.80 32.82 SSTc2dJ032850.62+304244.7 or SSTc2dJ032852.17+304505.5
Observational and theoretical evidence suggests that high-energy Galactic cosmic rays are primarily CPOCI6  03:29:30 3107:10  6x6 004 0.10 2.40 HH 18A, multiple in NGC 1333
1 t d b ts If alSO true fOr 10 _ener COSIIliC ravs the iOIli ation rate near CPOC 17 :29: 31:17:30 9x 13 3.20 8.49 235.28 Near HH 497, HH 336, multiple in NGC 1333
accelerated Dy Supernova remnarts. ; w gy COSIIIC rays, Z cPoC 18 327:10 5x6 008 021 6.35 HH 764, multiple in NGC 1333
a supernova remnant should be higher than in the general Galactic interstellar medium (ISM). We CPOC 19 313400 9x7 019 0.59 1931 IRAS 0326243123
h h d f H+ b . f . 6 . h l h h h h 1 1 . 1 CPOC 20 31:27:10 5x4 0.04 0.08 1.73 Multiple NGC 1333
ave searched lor s a .SOI"ptIOIl eatures in 6 sight mnes which pass t rough molecular materia, CPOC 21 31:1400  8x5 005 0.13 345 HH 767, SSTc2dJ033024.08+311404.4
near I1C 443—a well-studied case of a supernova remnant interacting with its surrounding molecular
material—for the purpose of inferring the cosmic-ray ionization rate in the region. In 2 of the sight
lines (toward ALS 8828 and HD 254577) we find large Hy column densities, N(Hj ) ~ 3 x 10'4 cm~2, N Identif 0 ICRS (J2000) ICRS (J2000) = T ) e
and deduce ionization rates of (3 &~ 2 x 107® s71, about 5 times larger than inferred toward average RA DEC 1850 - 2011
diffuse molecular cloud sight lines. However, the 30 upper limits found for the other 4 sight lines are A av av a9 av a9 av av
consistent with typical Galactic values. This wide range of ionization rates is likely the result of particle 1 2z Pe V* 0354079215 +31 5301.088 Bllb 06 I
acceleration and propagation effects, which predict that the cosmic-ray spectrum and thus ionization 2 CCDMJ03554+3103A  *= 03 55230773 +31 0245014 09 5llle-BOVe 720 0
rate should vary in and around the remnant. While we cannot determine if the Hi absorption arises 3 NAME ELNATE “i* 0526 17.5134 +28 36 26.820 BT 287 1
in post-shock (interior) or pre-shock (exterior) gas, the large inferred ionization rates suggest that IC e 1o Be* 08 37 38.6858 +21 08 33.177 B2V 592 °
443 is in fact accelerating a large population of low-energy cosmic rays. Still, it is unclear whether 4 "zt Tau ¢ LR L858 +21 08 33.177 B2 392
this population can propagate far enough into the ISM to account for the ionization rate inferred in 5 AssGemOB I- As* 060938 +21 35 ~ 118 0
diffuse Galactic sight lines. 6 TYC 1877-287-1 . 06 16 133409 +22 45 48.634 «dO 9 0
Subject headings: astrochemistry — cosmic rays — ISM: supernova remnants 7 HD 254577 . 06 17 543853 +22 24 32.928 BO.SII-III 30 0
8§ HD43582 V* 0618003459 +22 39 29.995 BOIlIn 21 0
1. INTRODUCTION interactions. 1C 443 represents such a case, as portions 9 1C443 SNR 0618027 +223936 S 729 2
As cosmic rays propagate through the interstellar of the SNR shock are known to be interacting with the 10 HD 254755 - 06 18 31.7741 +22 40 45.125 O9Vp 13 0

medium (ISM) they interact with the ambient material.
These interactions include excitation and ionization of
atoms and molecules, spallation of nuclei, excitation of
nuclear states, and the production of neutral pions (7)
which decay into gamma-rays. Evidence suggests that
Galactic cosmic rays are primarily accelerated by super-
nova remnants (SNRs) through the process of diffusive
shock acceleration (e.g. Drury 1983; Blandford & Eichler
1987), so interstellar clouds in close proximity to an SNR
should provide a prime “laboratory” for studying these
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neighboring molecular clouds.

IC 443 is an intermediate age remnant (about 30,000
yr; Chevalier 1999) located in the Galactic anti-center
region (1,b) ~ (189°,+3°) at a distance of about 1.5 kpc
in the Gem OBI1 association (Welsh & Sallmen 2003),
and is a particularly well-studied SNR. Figure 1 shows
the red image of IC 443 taken during the Second Palo-
mar Observatory Sky Survey. The remnant is composed
of subshells A and B; shell A is to the NE—its cen-
ter at o = 06117M08.4%5, § = +22°36'39.4” J2000.0 is
marked by the cross—while shell B is to the SW. Adopt-
ing a distance of 1.5 kpc, the radii of subshells A and
B are about 7 pc and 11 pc, respectively. Between the
subshells is a darker lane that runs across the remnant
from the NW to SE. This is a molecular cloud which
has been mapped in 2CO emission (Cornett et al. 1977;
Dickman et al. 1992; Zhang et al. 2009), and is known to
be in the foreground because it absorbs X-rays emitted
by the hot remnant interior (Troja et al. 2006). Aside
from this quiescent foreground cloud, observations of the
J =1 — 0 line of 2CO also show shocked molec-
ular material coincident with IC 443 (DeNoyer 1979;
Huang et al. 1986; Dickman et al. 1992; Wang & Scoville
1992). These shocked molecular clumps first identified
by DeNoyer (1979) and Huang et al. (1986) in CO have
also been observed in several atomic and small molec-
ular species (e.g. White et al. 1987; Burton et al. 1988;
van Dishoeck et al. 1993; White 1994; Snell et al. 2005),
and are thought to be the result of the expanding SNR
interacting with the surrounding ISM. While many of the
shocked clumps are coincident with the quiescent gas, it

Figure 3. Abundance map of the core of AWM 4, with GMRT 610-M]
contours overlaid. Rectangular regions were used to examine the variati
in abundance across and along the jet. The white cross marks the positi
of the radio core.



