
Problem 1  
On what scale(s) does filamentary structure 
matter, and when, in the end-game of star-
formation?

Problem 2  
What constraints do “bones” offer on:   

-the shape of the Galaxy, especially in the 
vertical direction?  
-galaxy evolution models on “short” 
timescales

PHD 1   
For synthetic observations best “matching” 
molecular line & dust data, determine from 
whence and when bulk of mass gets to 
forming cores & stars.   
Particular focus on timing.  
with: Klessen, Glover+; Smith, Fuller+; Caselli, 
Pineda+; Alves, Lombardi, Hacar, Tafalla+ 
related to work of 5th-year Harvard grad student H. Chen

PHD 2  
Using synthetic observations of models of 
dense gas & dust structures in MW-like 
galaxies, measure statistics & compare with 
observations to facilitate estimates 
re:observed shape, and evolution of “bones.” 
with: Smith, Fuller+; Burkert+; Molinari+; Menten 
1st-year Harvard grad student C. Zucker working on this!

TOPIC  
How Long, and Long-lasting, are Filaments?   

expertise  
Profs. A. Goodman, D. Finkbeiner, et al. @ CfA  
(obs-sim comparison, stats, viz, software, B)



100 pc

for Andi: are these Problems connected?

up to 100 pc+ lengths0.01 to 10 pc scales

Rowan Smith et al.

2009 2014
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e.g. from “Skeleton of the Milky Way” paper
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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
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Match Quality

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



Simulations “Now” (but we need some lines…)



+Rowan, Ralf, Simon, Alvaro…

slide courtesy of Rowan Smith, from CfA-ITC talk, March 31, 2016

Simulations “Now” (with some lines…)



Glue Demo glue
multidimensional data exploration

 glueviz.org
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2012: Andi Burkert asked a question:  
Is Nessie “parallel to the Galactic Plane”? 
2016: Yes.  And, it has friends, and they’re very useful. 
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In the plane, and at distance of spiral arm!
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Ragan et al. 2014
Abreu-Vicente  
et al. 2014

Zucker,  Battersby 
& Goodman 2015







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



Great, but we need synthetic line maps 

(Rowan & Ralf both promised  
this in person,  

in the past 4 days!)



glue
multidimensional data exploration

velocity slices on fiducial “dimensions”

video courtesy of Chris Beaumont, lead glue developer 2012-14 



Video courtesy of Chris Beaumont

glue
multidimensional data exploration

WorldWide	
TelescopeSoftware: Glue+WWT Together



from Phil 
Myers



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

Clark, Peek & 
Putnam 2014



Problem 1  
On what scale(s) does filamentary structure 
matter, and when, in the end-game of star-
formation?

Problem 2  
What constraints do “bones” offer on:   

-the shape of the Galaxy, especially in the 
vertical direction?  
-galaxy evolution models on “short” 
timescales

PHD 1   
For synthetic observations best “matching” 
molecular line & dust data, determine from 
whence and when bulk of mass gets to 
forming cores & stars.   
Particular focus on timing.  
with: Klessen, Glover+; Smith, Fuller+; Caselli, 
Pineda+; Alves, Lombardi, Hacar, Tafalla+ 
related to work of 5th-year Harvard grad student H. Chen

PHD 2  
Using synthetic observations of models of 
dense gas & dust structures in MW-like 
galaxies, measure statistics & compare with 
observations to facilitate estimates 
re:observed shape, and evolution of “bones.” 
with: Smith, Fuller+; Burkert+; Molinari+; Menten 
1st-year Harvard grad student C. Zucker working on this!

TOPIC  
How Long, and Long-lasting, are Filaments?   

expertise  
Profs. A. Goodman, D. Finkbeiner, et al. @ CfA  
(obs-sim comparison, stats, viz, software, B)



Filaments offer pre-existing density enhancement. 

Collapse is rapid enough that aboriginal filament is not erased, even within a “coherent core.” 
In B5, small bound cluster will form c. 40K years from now.

Now, we are trying FIVe, from Hacar et al. 2013, 
and other clustering algorithms, to study “coherent” 
core-filament relation.

N2H+ on C18O

N2H+ on  
1.2 mm continuum



Compact & diffuse C18O (2-1) emission 
Compact & diffuse NH3 (1, 1) emission 

3D rendering using Python YT
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There are at least three different components 
in the position-position-velocity space.

And potentially, many more…

Gaussian fitted C18O (2-1) peaks  
with components found using FIVE algorithm (Hacar et al. 2013)

Hot off the press:  “fibers” within B5

courtesy of  Hope Chen



Comparing Scales

B5 (Pineda et al.)Taurus (Hacar et al.)


