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**B & outflows…
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Taurus, Barnard 1918



Barnard 1918

Taurus 

“Herschel” 2015



Optical Polarization from Goodman et al. 1990 compilation, on Taurus 13CO from Narayanan et al. 2008  
(created for Steve Strom’s birthday, 2008… “published” as video: vimeo.com/101109410 

Heiles Cloud 2



[*but we still may not really know B in highest density gas…]

Heyer et al. 2008



Taurus, Barnard 1918

Now…



Barnard 1918

Taurus 

“Herschel” 2015



Trends



1960s 1970s 1980s

1990s 2000s 2010s

Trends



1960s 1980s

1990s 2000s 2010s

OH in “Dust Clouds” 
HI in Sheets & Cloudlets

Shells & Supershells
Filaments

Worms 
Aligned B-fields & HI

“Tiny Scale” HI Structure 
Helical B-Fields? Sheets & Filaments (GALFA) Compact Clouds of HI?! 

Heiles 1967, 1968
Heiles 1979 Heiles 1984

Saul…Heiles et al. 2012

Heiles & Jenkins 1976

Heiles 1977
Peek/Heiles/Stanimirovic et al…

1970s



Meanwhile, in the Theoryverse…
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[not to scale]

Universe

Filament

Mostly Dark Matter, Some Baryons

[+Dark Energy]

IGM

Galaxy



The Theoryverse 
[not to scale]

Universe

Galax
y

galactic 
center 

(special)

inter-arm  
or inter-cloud gas

cloud



The Theoryverse 
[not to scale]

clo
ud

atomic 
gas

molecular 
gas

denser 
molecular gas

ionized gas

“WIM”

“CNM”
“WNM”

“HIM”



The NEW Theoryverse 
[still not right, but gettting much more realistic]

Smith et al. 
2014

Duarte-Cabral & Dobbs 2016

Mellema 
et al. 2009



The Carlverse,1974



The Carlverse,1974



Yesterday, in the diffuse gas…



GALFA HI shows huge filaments/combing, aligned with B….

Clark, Peek & 
Putnam 2014



Last Month, in Dense Gas…



2012: Andi Burkert asked a question:  
Is Nessie “parallel to the Galactic Plane”? 
2016: Yes.  And, it has friends, and they’re very useful. 

“The Skeleton of the Milky Way”
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In the plane, and at distance of spiral arm!
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Smith et al. 2014, using AREPO (hydro+chemisry, imposed spiral potential, no B-fields, no local (self-)gravity, no feedback)

100 pc

 
2014 Simulation



+20 pc

-20 pc

100 pc

Smith et al. 2014, using AREPO (hydro+chemistry, imposed potential, no B-fields, no local (self-)gravity, no feedback)

 
2014 Simulation
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“Connections”: What if filaments continue across “core” boundaries?

blue =VLA ammonia (high-density gas); green=GBT ammonia (lower-res high-density gas); red=Herschel 250 micron continuum (dust)

Goodman, Chen, Offner & Pineda 2016 in prep. Herschel data from Gould Belt Survey



1998 2008



Preview of Carl’s Gift glue
multidimensional data exploration

 glueviz.org



Simulation Synthetic Data
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Mock Observations + Statistics are the Way Forward.



Mock Observations + Statistics are the Way Forward.

PDF 
SCF 
PCA 

Bispectrum 
Tsallis 
VCS 
VCA 

2pt CF 
3pt CF 

… 

Continuum 
Lines (Chemistry) 

Synthetic Observatories 



Observed space is not real space



Observed space is not real space



Observed space is not 
real space

13CO(1-0)

12CO(1-0)

12CO (3-2)

“S11” “O1”
no g, yes B, yes chemistry/uv yes g, no B, no chemistry

bad
good

movies include a noise model, in both cases

Beaumont, Offner, Shetty, Glover & Goodman 2013



Are N-PDFs a useful test? Ask Blakesley.



Data, Visualization



1970MmRAS..74..139M

1970

2014



Data



Video Abstract of Pasquini et al. 2016

Visualization



Data, Visualization



glue
multidimensional data exploration

A gift to Carl from Alyssa, Josh, Greg Green, Doug Finkbeiner & Catherine Zucker.



Beaumont, w/Goodman, Robitaille, Borkin+thanks  to Peek

glue
multidimensional data exploration

glue
multidimensional data exploration

Bonus gift





WorldWideTelescope.org



glue
multidimensional data exploration


