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“I think that the future of astrophysical research will 
rely more on sharing of code and data in the future 
than it has in the past.”

color code shows frequency of NASA archive use, darker is more; bar 
length gives percentage for each row

Opinions 
of 170 PhD-level Scientists at 

the Harvard-Smithsonian 
Center for Astrophysics 

(gathered April 17-18, 2013)

Full results at: http://tinyurl.com/cfa-data-survey-results
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emailed data to a colleague upon request.

151
28%

put data at an ftp-style site for a colleague to retrieve.

104
19%

put data at a personal web site, such as http://cfa-www.harvard.edu/~agoodman

93
17%

put data at a project-based web site, such as http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html

64
12%

put data at an organized institutional archive, such as http://theastrodata.org or http://tdc-www.harvard.edu

43
8%

not shared my data, because I think it will endanger my career.

6
1%

not shared my data due to large file sizes

21
4%

not shared my data because I don't know how.

7
1%

not shared my data because it takes too much effort.

22
4%

not shared my data because I don't think anyone will want it.

23
4%

Other
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Data Sharing Practices 
of 170 PhD-level Scientists at the Harvard-Smithsonian Center for Astrophysics 

(gathered April 17-18, 2013)

Full results at: http://tinyurl.com/cfa-data-survey-results
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Journal-Data/Code Desires
of 170 PhD-level Scientists at the Harvard-Smithsonian Center for Astrophysics 

(gathered April 17-18, 2013)

Full results at: http://tinyurl.com/cfa-data-survey-results

click on a table in a PDF or HTML view and be offered an ASCII download

151
25%

click on a sky image and be offered to see that image as an overlay on a selectable-wavelength(s) view of the sky 
84

14%
click on a sky image and retrieve a FITS file for that image

114
19%

retrieve ASCII table versions of information shown in graphs

150
25%

retrieve code from URLs offered within a paper

109
18%

Other
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Evolution since the Revolution

1665 1895 2009 2013..230 yr... ...114 yr... ...4 yr...
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Josh Peek
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Christine Borgman (UCLA);  Jonathan Fay & Curtis Wong (Microsoft Research); Alberto Conti (Space Telescope Science Institute)

projects.iq.harvard.edu/seamlessastronomy

http://projects.iq.harvard.edu/seamlessastronomy/
http://projects.iq.harvard.edu/seamlessastronomy/
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Seamless Astronomy
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=“The Internet”



>code

Seamless Astronomy

literatureliterature
literature

data

data

data

>code

>code



>code

Seamless Astronomy

literatureliterature
literature

data

data

data

>code

>code



>code

literature

Seamless Astronomy

data

(When) does               = web pages?

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


>code data

Seamless Astronomy: Authorea

each collaborative project 
(“paper”) can 

be public or private

versioning model=github

authorea.com

literature

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


>code data

Seamless Astronomy: Authorea

each collaborative project 
(“paper”) can 

be public or private

versioning model=github

authorea.com

literature

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

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


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



Jan Vermeer. The Astronomer. (1668)
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“Is Nessie Parallel to the Galactic Plane?”

data data >code >code literature literature



Jackson et al. 2010

Sea Monster



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



data>code



Alyssa Goodman, Harvard-Smithsonian CfA, The Bones of the Milky Way, milkywaybones.org

The Milky Way

>code



-20
-40
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-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

data
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data

data

data

data

data

data

data

data

data

data



GENERALLY
1D: Columns = “Spectra”, “SEDs” or “Time Series”
2D: Faces or Slices = “Images”
3D: Volumes (e.g. p-p-v) = “3D Renderings”, “2D Movies”
4D: Time Series of Volumes = “3D Movies”

1D
2D
3D
4D

Spectra

p-p-v

v
p

p

Slices



-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



Using Velocity Constraints“x”

x

y

y

x

x

y

“z”

“z”

zBonus plot for skeptics!

data data >code



data(verse!)

Seamless Astronomy

each data “set” gets 
unique, citable, 

identifier
(hdl or DOI)

theastrodata.org
cf. thedata.org

http://theastrodata.org/dvn/
http://theastrodata.org/dvn/
http://theastrodata.org/dvn/
http://theastrodata.org
http://theastrodata.org


>code

literature

Seamless Astronomy

datadata(verse!)



>code

Seamless Astronomy

literatureliterature
literature
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>code

data(verse!)
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data(verse!)



Why b<0?!
Galactic Geometry: 1959 and Now

[Blaauw et al. 1959]



Predicted Near & Far Scutum-Centaurus Arm



Alyssa Goodman, Harvard-Smithsonian CfA, The Bones of the Milky Way, milkywaybones.org

Yes, Nessie is EXACTLY in the Galactic Plane!

What about its distance?

Modern Galactic Plane

IAU Galactic Plane



Predicted Velocities match NH3 Cores in Nessie Perfectly

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

data>code data



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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Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaillehttp://www.glueviz.org/en/latest/

http://www.glueviz.org/en/latest/
http://www.glueviz.org/en/latest/


Jan Vermeer. The Astronomer. (1668)

Contextual, 
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data
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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)

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


3D

2D

Data Abstraction

Statistics
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“Linked Views”=



Glue
and the future of data exploration in astronomy

Chris Beaumont
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Data are growing... up

big data

http://www.flickr.com/photos/redbeardmathpirate/3240091245/sizes/o/in/photostream/
http://www.flickr.com/photos/redbeardmathpirate/3240091245/sizes/o/in/photostream/
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Data are growing... out

wide data

http://farm3.staticflickr.com/2600/3765042195_ae73e5831a_b.jpg
http://farm3.staticflickr.com/2600/3765042195_ae73e5831a_b.jpg


Tackling "wide data" with glue



Tackling "wide data" with glue



Tackling "wide data" with glue



Tackling "wide data" with glue



Tackling "wide data" with glue
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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



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



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

What does that mean?



Figuring out why the Loch Ness Monster is 
Resting in the Milky Way, Online
The Astronomer, Vermeer “Nessie”, Spitzer Space Telescope

Alyssa A. Goodman
Harvard-Smithsonian Center for Astrophysics
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Reviving “Dead” Data
astrometry.net + flickr + WWT

astrometry.net

[published 1927]
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slide courtesy of Alberto Pepe

Seamless Astronomy: ADS All Sky Survey



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



Prototype of Articles on the Sky (2010)

with thanks to CDS/Pierre Fernique/Thomas Boch

or...
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Star Formation in Perseus mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al.)

Optical image (Barnard 1927)



1.5

1.0

0.5

0.0

-­‐0.5

In
te
ns
ity

400350300250200150100

"Velocity"

Observed Spectrum

Telescope +
Spectrometer

All thanks to Doppler

Velocity from 
Spectroscopy



Spectral-Line Mapping
Spectral Line Observations

Mountain Range No loss of
information
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mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al.)

Optical image (Barnard 1927)

Perseus



“Keith” “Perseus”

“Astronomical Medicine”

“z” is depth into head “z” is line-of-sight velocity

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

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


Perseus

Mountain Range

13CO (Ridge et al. 2006)



AstronomicalMedicine@

3D Viz made with VolView


