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Wikipedia’s 
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Versions of Galileo’s idea, as seen, and heard, in schools....

Observation
Question

Hypothesis
Prediction

Experiment
Analyze Data

Draw a Conclusion
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Right steps. Wrong “order.”
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Yellow Arrow

Data Reduction

Data Display

Context (e.g. journals + online data)

Simulation Design

Statistics Design

Data Exploration (Visualization)

(slide excerpted from an AAG talk about the 
Harvard Inititiave in Innovative Computing, given at Princeton, 2006)
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Supported by

https://www.cfa.harvard.edu/~agoodman/seamless/
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Seamless Astronomy...and The Bones of the Milky Way

The Astronomer, Vermeer “Nessie”, Spitzer Space Telescope
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Evolution since the Revolution

1665 1895 2009 2013..230 yr... ...114 yr... ...4 yr...

[demo 3D PDF]
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Josh Peek
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Evolution since the Revolution

1665 1895 2009 2013..230 yr... ...114 yr... ...4 yr...

[demo flickr-WWT]
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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)

projects.iq.harvard.edu/seamlessastronomy

Seamless Astronomy
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projects.iq.harvard.edu/seamlessastronomy

literature

>code

Seamless Astronomy

>code
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>code

literature

Seamless Astronomy

data

=“The Internet”

(When) does               = web pages?
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Seamless Astronomy

datadatadatadata

A “Virtual Observatory”

Best Instantiation:  WorldWide Telescope
est. 2008 
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Experience WWT at worldwidetelescope.org [demo]
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WWT in Research

milkywaybones.org

“Cooler than ‘Call of Duty’”
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“I never knew programs like this 
could even exist.  It’s just amazing.”

–Clarke Middle School 6th grade student

More quotes from Clarke 6th 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.)
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literature

Seamless Astronomy

Best Instantiation:  ADS
est. 1994* 

*see Kurtz et al. 2000 for full history
[demo]
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data

literature

Seamless Astronomy

Better(!):  
ADS Labs
est. 2011 

[demo]
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>code

literature

Seamless Astronomy

data
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data(verse!)

Seamless Astronomy

each data “set” gets 
unique, citable, 

identifier
(hdl or DOI)

theastrodata.org
cf. thedata.org

Wednesday, August 7, 2013
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>code

literature

Seamless Astronomy

datadata(verse!)
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>code

Seamless Astronomy

literatureliterature
literature

>code

>code

data(verse!)

data(verse!)

data(verse!)
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`
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Seamless Astronomy: Citizen Science
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Seamless Astronomy: ADS All Sky Survey

literatureliterature
literature

ADSASS particpants include:  ADS, CDS, STScI, NYU/astrometry.net, Microsoft Research & Zooniverse
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Historical Image Layer 
Extracted from ALL 

ADS holdings 
(astrometry.net & 

Zooniverse)

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

Faceted Heat Map 
of Articles on the 

Sky

ADS-CDS-Seamless-MSR collaboration

Seamless Astronomy: ADS All Sky Survey

Wednesday, August 7, 2013



>code

Seamless Astronomy

literatureliterature
literature

data

data

data

>code

>code
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>code

Seamless Astronomy

>code

>code
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code sharing, e.g. github
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>code

literature

Seamless Astronomy

data

(When) does               = web pages?

Wednesday, August 7, 2013

https://www.authorea.com/users/23/articles/249/_show_article
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>code

literature

Seamless Astronomy

data
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>code data

Seamless Astronomy: Authorea

each collaborative project 
(“paper”) can 

be public or private

versioning model=github

authorea.com

literature

Wednesday, August 7, 2013

http://authorea.com
http://authorea.com


Alyssa A. Goodman (Harvard-Smithsonian Center for Astrophysics)
with collaborators at (alphabetically by insitution): 
Boston University: James Jackson
Caltech: Jens Kauffmann 
Harvard - Smithsonian: Christopher Beaumont, Michelle A. Borkin, Thomas M. Dame 
Max Planck Insitute for Astronomy: Thomas Robitaille
U. Munich: Andreas Burkert
U. Vienna: Joao F. Alves
U. Wisconsin: Robert A. Benjamin 

The Bones of the Milky Way

Alyssa Goodman, m:617-230-7080; url: milkywaybones.org
Wednesday, August 7, 2013
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Jan Vermeer. The Astronomer. (1668)

Contextual, 
High-Dimensional 
View

Flat, 
(Text-Based) 
View

Interactive
Link
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>code

Seamless Astronomy: Data Visualization

data

data data

data

Glue collaboration (see glueviz.org): Chris Beaumont, lead & Alyssa Goodman (Harvard-CfA); 
Michelle Borkin & Hanspeter Pfister (Harvard-SEAS/CS) and Thomas Robitaille (MPIA Heidelberg)

Wednesday, August 7, 2013

http://glueviz.org
http://glueviz.org


3D

2D

Data Abstraction

Statistics

0
25
50
75

100

“Linked Views”=
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Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaillehttp://www.glueviz.org/en/latest/

[demo/video]
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Jackson et al. 2010

Sea Monster
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Monster to Bone

There could be ~1000 more of these to find...a full skeleton perhaps?

Monster Bone

Mass
(in “Suns”)

~800,000
for dark part

2 million for “dark” part, 
40 million for “all”

Role Massive Star 
Forming Region Bone of the Galaxy

Significance Very, very, long 
filamnent

Way longer filament, telltale 
sign of Galactic Structure

milkywaybones.org
Wednesday, August 7, 2013



Question Andi Burkert: Is Nessie “parallel to the Galactic 
Plane”?

Answer no one immediately knew the answer!

AG decides to look into this and...

Ringberg Castle, Bavaria
“Early Phases of Star Formation”

July 2012
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“Is Nessie Parallel to the Galactic Plane?”
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The Milky Way
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-20
-40
-60
-80
-100

Scientist-artist Robert Hurt’s view of  the Milky Way 
(cartoon based on stars, CO, HI, masers & HII regions; Benjamin, Dame et al.)

“Top” view

Using Velocity Constraints
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Using Velocity Constraints“x”

x

y

y

x

x

y

“z”

“z”

zBonus plot for skeptics!
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Why b<0?!
Galactic Geometry: 1959 and Now

[Blaauw et al. 1959]
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Predicted Near & Far Scutum-Centaurus Arm
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Predicted Velocities match NH3 Cores in Nessie Perfectly

colored dots show HOPS NH3 velocities from Purcell et al. 2012

Wednesday, August 7, 2013



Predicted Velocities match NH3 Cores in Nessie Perfectly

black dots show HOPS NH3 velocities from Purcell et al. 2012; color is CO; line is log-spiral fit to full Scut-Cen Arm
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Nessie is a Bone of the Milky Way

(flipped) image of IC342 from Jarrett et al. 2012;   WISE Enhanced Resolution Galaxy Atlas simulations courtesy Clare Dobbs
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(flipped) image of IC342 from Jarrett et al. 2012;   WISE Enhanced Resolution Galaxy Atlas simulations courtesy Clare Dobbs

What does that mean?
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>code data

Seamless Astronomy: Authorea

each collaborative project 
(“paper”) can 

be public or private

versioning model=github

authorea.com

literature
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