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Rediscovering the Milky Way

Music: Davis Jerome, Richard Woodhams & The Mozart Orchestra - Oboe Concerto in C Major: II. Adagio , by Sir William Hershcel
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1936: “The Realm of the Nebulae” by Edwin Hubble

“Hubble’s Tuning Fork Diagram”
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The Shapley-Curtis Debate at the 
Smithsonian Natural History Museum, 1920
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The Shapley-Curtis Debate at the 
Smithsonian Natural History Museum, 1920
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More info at http://cosmology.carnegiescience.edu/timeline/1781 (Herschel); http://cosmology.carnegiescience.edu/timeline/1920 (Shapley-Curtis)

William Herschel’s Milky Way Galaxy in 1781
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The Andromeda Galaxy (M31)
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The Andromeda Galaxy (M31)
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Herschel Space Observatory

“Glowing” 
Dust

The Andromeda Galaxy (M31)
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“Glowing” 
Dust

“Dying” 
Stars

 Stars your 
Eyes would 

See

 For fun...

Dust + 
Dying Stars

The Andromeda Galaxy (M31)
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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.  

worldwidetelescope.org

Expert led tours of 
the Universe

[demo]
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“The Bones of the Milky Way”

Open Access, Open Data (Authorea.com)
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Once upon a time (2012), in an 
enchanted castle (in Bavaria)

...at a conference about star formation
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Star and Planet Formation

Galaxy

Star Cluster

Molecular Cloud Complex Star-Forming “Globule” Circumstellar Disk Extrasolar System
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Question Andi Burkert: Is Nessie 
“parallel to the Galactic Plane”?

Answer no one immediately knew the 
answer!

Once upon a time (2012), in an 
enchanted castle (in Bavaria)

...at a conference about star formation
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The Milky Way

“Galactic Plane”

“Galactic Plane”
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“Is Nessie Parallel to the Galactic Plane?”
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Yes, but why not at Zero of Latitude (b=0)?

b=0

b=-0.5 deg
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The Milky Way
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“Nessie Extended”
~500 light years long & 1.5 light years thick  

300:1 axial ratio
200,000 solar masses

BUT, why is it near b=-0.5, and not b=0?
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Where are we, really?
“IAU Milky Way”, est. 1959

True Milky Way, modern

Sun is 
~75 light years

“above” the
IAU Milky Way

Plane

Galactic 
Center is 

~20 light years
offset from the

IAU Milky Way 
Center 

+ =
The Galactic Plane is not quite 

where you’d think it is 
when you look at the sky

[Blaauw et al. 1959]
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Yes, Nessie is EXACTLY in the Galactic Plane!

What about its distance?

Modern Galactic Plane

IAU Galactic Plane

we can use “radial velocities” to estimate distance in a rotating galaxy...
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A Rotating (Spiral) Galaxy Observed from its Outskirts...
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velocity 
along line 
of sight

distance
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velocity 
along line 
of sight

distance
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Velocity to Distance
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In the plane and at the distance of spiral arm!
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with tilt...eerily precisely...
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Monster Bone

Mass
(in “Suns”)

100,000 500,000

Role Massive Star 
Forming Region Bone of the Galaxy

Significance Very, very, long 
filamnent

Way longer filament, telltale 
sign of Galactic Structure

Monster to Bone

There could be 1000s more of  these to find...a full skeleton perhaps?
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A full 3D skeleton?

(flipped) image of IC342 from Jarrett et al. 2012;   WISE Enhanced Resolution Galaxy Atlas simulations courtesy Clare Dobbs
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http://www.tapir.caltech.edu/~phopkins/Site/Movies_cosmo.html

Formation of a Milky-Way-like Galaxy (Stars)
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Future of the Milky Way
(Collision with Andromeda)
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Sea Monster to Skeletal Shadow

Peculiar dust cloud 
named “Nessie” 
much larger than 

thought.

Nessie more 
important as 

“bone” than sea 
monster.

Sun’s height above 
Plane may make full 
Milky Way skeleton 

mappable.

Spitzer GLIMPSE Image
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The Bones of the Milky Way: Credits

Alyssa Goodman   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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milkywaybones.org
worldwidetelescope.org
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Where is “Nessie,” in 3D?
How close to “in” the plane? At what distance & inclination to l.o.s?
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