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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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Herschel Space Observatory

“Glowing” 
Dust

The Andromeda Galaxy (M31)
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“Glowing” 
Dust

The Andromeda Galaxy (M31)
Monday, June 30, 2014



M101 hires STScI-PRC2006-10a.jpg
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“An” Infrared Dark Cloud in the Milky Way...

~20 pc
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Open Access, Open Data (Authorea.com)

The Bones of the Milky Way
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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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Jackson et al. 2010

Nessie
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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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“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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Aspect Ratio for longest version of Nessie is 800:1

Goodman et al. 2013, see MilkyWayBones.org

and is very, very, thin: tenths of pc in diameter!!
(while 100s of pc long)
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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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“In the Plane?”

physical mid-plane

Sun

Location of SgrA*

Projection of Sun onto physical midplane

zSun

dcrossing 

IAU mid-plane (b=0)

qtilt

bSgrA*

dSgrA*
zSgrA*

with tilt

physical mid-plane

zSun

IAU mid-plane (b=0)

no tilt of plane

Goodman et al. 2013, see MilkyWayBones.org
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Goodman et al. 2013, see MilkyWayBones.org

Line color gives predicted LSR velocity...“In the Plane?”
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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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Hydrodynamic AMR Simulation, courtesy Stella Offner

Quick Refresher: Spectral-Line Mapping 

We wish we could measure…

y

x

z

vz

vx

vy

y

-x
-vz

But we can measure…

vz only from 
“spectral-line 

maps”

“p-p-v” cubes
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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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Goodman et al. 2013, see MilkyWayBones.org

Predictions 
in “3D”

(p-p-v space)
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Predictions in “3D”
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Goodman et al. 2013, see MilkyWayBones.org

Test in “3D”: Is Nesssie at the Right Velocity? (CO)
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Velocity Constraints“x”

x

y

y

x

x

y

“z”

“z”

zBonus plot for skeptics!
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Dense Gas with known velocity (HOPS NH3)
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In the plane and at the distance of spiral arm!

Goodman et al. 2013, see MilkyWayBones.org
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Galactic Longitude (l)
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with tilt...eerily precisely...

Goodman et al. 2013, see MilkyWayBones.org
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Goodman et al. 2013, see MilkyWayBones.org
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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

2013 state of the art
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2013 state of the art
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50 pc

50 pc

simulation of total H column density 
from Smith, Glover, Clark, Klessen & 
Springel 2014

Highest-resolution 
simulation to date 
now shows... 

Nessies should 
be there!

2014 state of the art
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“Top Down” “Edge-On”

50 pc

50 pc

simulation of total hydrogen column density from Smith, Glover, Clark, Klessen & Springel 2014

Galactic Plane
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Nessie as seen by Herschel
(thanks to Quang Nguyen-Luong, CITA)
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Nessie as seen by Herschel
(thanks to Quang Nguyen-Luong, CITA)
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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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first Galactic quadrant fourth Galactic quadrant

Ragan et al. 2014 (7 new “GMFs”) Jackson et al. 2010 (Nessie), 
Goodman et al. 2013 (Nessie+ as “Bone”)

Battersby & Bally 2012 (G32.02+ 0.06)

Identification of Long, Skinny Filaments near the Galactic Plane

+Summer 2014: Battersby, Zucker & Goodman are investigating 5 new candidates, identifed as close to projected arms
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Ragan et al. 2014 (7 new “GMFs”)

Strategies for going beyond Nessie differ...

Battersby/Zucker/Goodman et al. 2014

[demo]
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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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“The Making of” the Bones of the Milky Way 
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Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaillehttp://www.glueviz.org/en/latest/
Monday, June 30, 2014
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3D

2D

Data Abstraction

Statistics
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“Linked Views”=
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Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille

What is glue? 

[the film!]
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Experience WWT at worldwidetelescope.org
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milkywaybones.org
worldwidetelescope.org
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