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The end of the story, first.



How did we do that?we

https://arxiv.org/pdf/1902.01425.pdf
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/summary_fig.html


Perseus in True 3D (actually 4D)

Zucker et al. 2018

Uh, but how did we do that?



Mapping Interste
llar Matter in 3D

NERD NOTE: “Matter” is actually “Gas” and “Dust,” which are not distributed in EXACTLY the same way, but for this cartoon, we’ll say “close enough.” 



Mapping Interste
llar Matter in 3D

WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)



WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

Mapping Interste
llar Matter in 3D

“Spectral-Line Data Cubes”
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Spectral-line Mapping

We wish we could measure…
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But we can measure…

vz only from  
“spectral-line 

maps”

This is called  
“p-p-v” or  
“position-

position-velocity” 
space.



Seeing in P-p-V Space

Spectral Line Observations

Mountain Range No loss of 
information

Loss of 
1 dimension



 

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)

Seeing Wide Data in “3D”



13CO (Ridge et al. 2006)Seeing Wide Data in “3D”



“Keith” “Perseus”

Astronomical Medicine

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

“AstroMed” collaborators include Douglas Alan, Chris Beaumont, Michelle Borkin, Jonathan Foster, 
Michael Halle, Nick Holliman, Jens Kauffmann, Jaime Pineda, Tudor Platon, Erik Rosolowsky, and more



AstronomicalMedicine@

3D Viz made with VolView

Perseus



Perseus in True 3D (actually 4D)

Zucker et al. 2018

Velocity is from Spectroscopy 

What about actual distance??



“In Color”



WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

Stars in
 3D

“Radial Velocity”  
&  

“Proper Motion”



WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

“Im
aging” (in

 2D)



WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

“Im
aging” (in

 2D)



WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

“Im
aging” (in

 2D)



WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

“Extinctio
n”



“Reddening”



WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

Extinctio
n & Reddening, fro

m Color Im
aging

Can infer matter’s distance from dust’s effects on stars.



Perseus in True 3D (actually 4D)

Zucker et al. 2018

Matter’s distance is from dust’s effects on stars.



WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

Mapping Interste
llar Matter in 3D



Perseus in True 3D (actually 4D)

Zucker et al. 2018

Matter’s distance is from dust’s effects on stars.

Matter’s velocity is (still) from spectroscopy of gas.



How we did this.

https://arxiv.org/pdf/1902.01425.pdf
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/summary_fig.html


The end of the story, again.

https://arxiv.org/pdf/1902.01425.pdf


Mapping the Milky Way,  
from the Inside Out,  
in Color



http://www.tapir.caltech.edu/~phopkins/Site/Movies_cosmo.html

Formation of a Milky-Way-like Galaxy (Stars)

http://www.tapir.caltech.edu/~phopkins/Site/Movies_cosmo.html




Future of the Milky Way 
(Collision with Andromeda)






