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Two-slide Introduction to

The "Insider's" View of the Milky Way
For Theorists
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Hydrodynamic AMR Simulation, courtesy Stella Offner

“Three” Dimensions: Spectral-Line Mapping 

We wish we could measure…
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vz only from 
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“p-p-v” cubes
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The Grand Plan

The Bones of the Milky Way



The Milky Way



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

de-jargonification

 Who’s Nessie?
What’s an “infrared dark cloud”?



“Is Nessie Parallel to the Galactic Plane?”



Jackson et al. 2010

Nessie



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

milkywaybones.org

Monster to Bone

There should be >1000 more of these to find...a full skeleton perhaps?



ApJ version submitted Nov 2013; open version on Authorea.com

Goodman, Alves, Beaumont, Benjamin, Borkin, Burkert, Dame, 
Jackson, Kauffmann, Robitaille 2013
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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)



Nessie, at b~-0.4
b=0

“In the Plane?”



“IAU Milky Way”, est. 1959

True Milky Way, modern

Sun is 
~25 pc

“above” the
IAU Milky Way

Plane

Galactic 
Center is 

~7 pc
offset from the

IAU Milky Way 
Center 

+ =
The Galactic Plane is not 

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

and...

[Blaauw et al. 1959]

“In the Plane?”



“In the Plane?”

physical mid-plane

Sun

Location of SgrA*

Projection of Sun onto physical midplane

zSun

dcrossing 

IAU mid-plane (b=0)

tilt

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



Goodman et al. 2013, see MilkyWayBones.org

Line color gives predicted LSR velocity...“In the Plane?”
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Goodman et al. 2013, see MilkyWayBones.org

Predictions 
in “3D”

(p-p-v space)



-0.3 deg

-0.4 deg
b=-0.1 deg

Nessie

33
0 

de
g

l=
34

0 
de

g

Sun

Galactic Center

Scutum
 Centaurus Arm

-50

-40
-30 km

/s

Scutum
 Centaurus Arm

-0.4 deg

-0.5deg

b= -0.2deg

33
0 

de
g

l=
34

0 
de

g

Nessie

Sun

Galactic Center

-50

-40
-30 km

/s

No tilt (no Galactic Center offset)Including Galactic Center offset

Predictions in “3D”

Goodman et al. 2013, see MilkyWayBones.org



338340342344346 336 334

-1

-2

0

1

2 100

80

60

40

20

0
332

Galactic Longitude (degrees)

G
al

ac
tic

 L
at

itu
de

 (d
eg

re
es

)
C

O
 E

m
ission [K

 km
 s

-1]

Goodman et al. 2013, see MilkyWayBones.org

Test in “3D”: Is Nesssie at the Right Velocity? (CO)
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Goodman et al. 2013, see MilkyWayBones.org

Test in “3D”: Is Nesssie at the Right Velocity? (NH3 Cores)

de-jargonification

 What’s an “NH3 Core”?
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Goodman et al. 2013, see MilkyWayBones.org
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Goodman et al. 2013, see MilkyWayBones.org

Test in “3D”: Is 
Nesssie at the 
Right Velocity? 

(CO & NH3)

[Tom Dame’s Favorite Plot]



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 Dobbs & Pringle 2013

What does that mean?

not enough resolution, yet...



Other Arms?
Other Nessies?

2013 Junior Thesis of Rabeea Ahmed, Harvard

Perseus

Sagitarius

Norma

Scutum



“The Making of” the Bones of the Milky Way 



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

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


The Grand Plan

The Bones of the Milky Way



Motivation--
What’s the Star 

Formation “Law”? 
(Is there one?)

The Grand Plan



The Grand Plan

Conspirators

Alves,Beaumont, Benjamin, Bergin, Dame, Faesi, Finkbeiner, 
Goodman, Offner, Reid, Rice, Robitaille, Rosolowsky
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The Grand Plan
Caveat Emptor

no structure-finding routine 
is perfect

p-p-v space is not a great 
proxy for p-p-p space

kinematic distances can be 
unreliable

CO is a poor tracer of 
column density

e.g. Pineda et al. 2009 e.g. Beaumont et al. 2013 e.g. Foster et al. 2012 e.g. Goodman et al. 2009

dendrograms are at least 
hierarchical, and much 
better than CLUMPFIND

gross structure, and/or 
isoloated structure are/is 
OK

combine kinematic 
distances with maser & 
extinction constraints

CO is our only handle on 
kinematics



Dame et al. 2001



Dendrograms
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(Pressure) Structure of Milky Way Clouds
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Pressure?

cf. Heyer et al. 2009; Field, Blackman & Keto 2011

(a.) (b.)

Pe/k=10 6 K cm -310 5 K cm -3

10 4 K cm -3
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open science
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Image Credit: NASA; ESA; Z. Levay and R. van der Marel, STScI; T. Hallas; and A. Mellinger

The "Insider's" View of the Milky Way
Alyssa A. Goodman, Harvard-Smithsonian Center for Astrophysics


