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Evolution

1665 1895 2009 2013..230 yr... ...114 yr... ...4 yr...
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Goodman et al. 2009: 1st 3D PDF in Nature

Brains, Arteries
(and star formation)
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“Keith” “Perseus”

“Astronomical Medicine”

“z” is depth into head “z” is line-of-sight velocity
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High-Dimensional Data: “Cubes”
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GENERALLY
1D: Columns = “Spectra”, “SEDs” or “Time Series”
2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies”
4D: Time Series of Volumes = “3D Movies”

1D
2D
3D
4D
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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)
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Observed Spectrum

Telescope +
Spectrometer

All thanks to Doppler

Velocity from 
Spectroscopy
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Spectral-Line Mapping
Spectral Line Observations

Mountain Range No loss of
information

Loss of
1 dimension
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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
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“Keith” “Perseus”

“Astronomical Medicine”

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

Mountain Range

13CO (Ridge et al. 2006)
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AstronomicalMedicine@

3D Viz made with VolView
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Perseus

“L1448+”
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Arteries

Michelle Borkin
Harvard School of Engineering & Applied Science Ph.D. student, 
supervised by Alyssa Goodman (Astronomer) & Hanspeter Pfister (Computer Scientist)
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Generate patient geometries

Visualize/analyze data

Obtain patient CT data Segment arteries

Patient specific flow simulationClinical decision

Patients Troubled Hearts, in 3D
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Borkin et al. 2011

How much does viz matter?
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Strong effect of dimensionality on accuracy

39% percent low ESS regions found

And strong effect of color...

62%

ACCURACY

91%

Borkin et al. 2011
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Participants more efficient in 2D.

Rainbow color map has greater detriment in 3D.

EFFICIENCY

5.6 sec/region 2.4 sec/region
10.2 sec/region

BUT–3D still essential  for sugical planning.

2.6 sec/region

Borkin et al. 2011
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Borkin et al. 2011
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3D

2D

Data Abstraction

Statistics

0
25
50
75

100

“Linked Views”
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3D

2D

Data Abstraction

Statistics
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3D

2D

Data Abstraction

Statistics
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How?

Wednesday, February 6, 2013



Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille
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JohnTukey
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Max Planck Insitute for Astronomy: Thomas Robitaille
U. Munich: Andreas Burkert
U. Vienna: Joao F. Alves
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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, February 6, 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

Wednesday, February 6, 2013



“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
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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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“Diskovering” the Milky Way

Loren Anderson (West Virginia University), Thomas Bania (Boston U.), 
Dana Balser (NRAO), Bob Rood (U. Virginia), and Trey Wenger (Boston U.)
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The Future   

seamless access to tools, data, analysis, discourse
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The Bones of the Milky Way: Credits

Alyssa Goodman, m:617-230-7080; milkywaybones.org

Seamless Astronomy-style tools used in this project
authorea.com (open publishing)
theastrodata.org (open data)
glueviz.org (open source tools)
universe3d.org (collaborative data)
worldwidetelescope.org (universe information system)
virtual observatory standards (international online information-sharing systems)

Supported by
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View and compare 
images from across the 

electromagnetc spectrum 

Finder Scope links to 
Wikipedia, 

publications, and data, 
so you can learn more

Context globe 
shows where 
you’re looking.

Microsoft® Research
WorldWide Telescope

Control time to study how 
the night sky changes 

Context bar shows 
items of interest in 
current field of view

Seamlessly explore 
imagery from the best 

ground and space-based 
telescopes in the world

Much more than “just” 
the sky at night!  

3D features can  take 
you to other planets, 

stars & galaxies.  

Experience WWT at worldwidetelescope.org

Expert led tours of 
the Universe
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Jan Vermeer. The Astronomer. (1668)

Contextual, 
High-Dimensional 
View

Flat, 
(Text-Based) 
View

Interactive
Link
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