
Larson’s 
Legacy
The evolution of the 
ideas about turbulent 
molecular clouds first 
proposed by Richard 
Larson in his 1981 paper.

1
9
8
1
M
N
R
A
S
.
1
9
4
.
.
8
0
9
L

Slide set prepared by Alyssa Goodman, for Harvard Astronomy 201b, March 2011.

http://adsabs.harvard.edu/abs/1981MNRAS.194..809L
http://adsabs.harvard.edu/abs/1981MNRAS.194..809L
http://adsabs.harvard.edu/abs/1981MNRAS.194..809L
http://adsabs.harvard.edu/abs/1981MNRAS.194..809L
http://adsabs.harvard.edu/abs/1981MNRAS.194..809L
http://adsabs.harvard.edu/abs/1981MNRAS.194..809L
http://adsabs.harvard.edu/abs/1981MNRAS.194..809L
http://adsabs.harvard.edu/abs/1981MNRAS.194..809L
http://adsabs.harvard.edu/abs/1981MNRAS.194..809L


1
9
8
1
M
N
R
A
S
.
1
9
4
.
.
8
0
9
L

~100% Correct, but Details have 
Taken 30 Years (so far)



Modern Hydrodynamic AMR Simulation, (B=0), courtesy Stella Offner



+gravity               +radiative feedback

Smoothed-Particle Hydrodynamics (B=0); Bate 2009
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References in ADS Private Library
“Larson’s Legacy” at tinyurl.com/larsonslegacy

http://tinyurl.com/larsonslegacy
http://tinyurl.com/larsonslegacy


(More recently, 0.38 has become ~0.5. Larson liked 0.38 because Kolmogorov (incompressible) 
turbulence would give 0.33. A higher value is consistent with compressible (e.g. “Burger’s” turbulence.)

Each letter 
represents a 

molecular cloud, or 
part of a cloud
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for exact virial equilibrium,                        , and points above would be on horizontal line2GM/R22=1

~Virial Equilibrium: Gravity Balanced by “Turbulent” Support



n~R-1.1

For n~R-1 , and ~R0.5 , and  2GM/R22=1 (virial equilibrium)
any one relation follows automatically from the other two
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So, roughly speaking, Larson’s “Laws” show that a 
turbulent-like nature for the line width-size relation, plus virial 
equilibrium, gives the observed density-size relation.



export to ADS Classic, 
sort by citations, 5 of top 6 articles 

added to private library (in 
addition to AG picks)

Conspirators...
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What creates/governs the “non-thermal line-width”?

Many proposals in 1980s (e.g. rotation)... 
let’s look at magnetic fields...



Myers & Goodman 1988a,b
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“Indirect Evidence”

~Virial Equilibrium

MODEL:  Assume non-thermal energy 
is magnetically controlled... ~replace 
“sound speed” with “Alfvén speed”



“Indirect Evidence”: Bonus Result

MODEL:  Also predicts characteristic core sizes could be 
related to a minimum in the “ambipolar diffusion” time.



Myers & Goodman 1988a,b
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Modern results show that virial equipartition is actually an UPPER ENVELOPE on B-field values, 
and many regions are “super-Alfvénic” in that field is field is too weak to explain line width. 
(See Padoan et al.’s work on super-Alfvénic turbulence.)

1988 Magnetic field (Zeeman) observations were consistent with MODEL predictions.
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http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=1988ApJ...326L..27M&db_key=AST&link_type=ABSTRACT
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For more on super-Alfvénic Turbulence go here...

Modern results show that virial equipartition is actually an UPPER ENVELOPE on B-field values, 
and many regions are “super-Alfvénic” in that field is field is too weak to explain line width. 
(See Padoan et al.’s work on super-Alfvénic turbulence.)

http://labs.adsabs.harvard.edu/ui/cgi-bin/topicSearch?q=super+alfvenic+turbulence&qtype=USEFUL&db_key=AST&db_key=PRE&arxiv_sel=astro-ph
http://labs.adsabs.harvard.edu/ui/cgi-bin/topicSearch?q=super+alfvenic+turbulence&qtype=USEFUL&db_key=AST&db_key=PRE&arxiv_sel=astro-ph
http://labs.adsabs.harvard.edu/ui/cgi-bin/topicSearch?q=super+alfvenic+turbulence&qtype=USEFUL&db_key=AST&db_key=PRE&arxiv_sel=astro-ph


Is there a transition to a “thermal” regime? 
What happens there?

“Coherent Cores” proposed in 1998

http://adsabs.harvard.edu/abs/1998ApJ...504..223G
http://adsabs.harvard.edu/abs/1998ApJ...504..223G


Is there a transition to a “thermal” regime? 
What happens there?

“Coherent Cores” proposed in 1998

http://adsabs.harvard.edu/abs/1998ApJ...504..223G
http://adsabs.harvard.edu/abs/1998ApJ...504..223G


“Modernist” Philosophy                  for non-Experts

 

 

 1. Quasi-Static 2. “Squished” 3. Competitive Accretion 
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p-p-v structure of the B5 region in Perseus

many thanks to Jaime Pineda & Jens Kauffmann for this figure
COMPLETE data: 13CO from Ridge et al. 2006; NH3 from Pineda et al. 2010
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STRONG Evidence for Coherence in Dense Cores

GBT NH3 observations of the B5 core (Pineda et al. 2010)

greyscale shows NH3 velocity dispersion, 
arrows show gradient in dispersion

non-thermal line width 
constant in core, then 
jumps abruptly to 
turbulent values

NH3 .Benson & Myers 1989

 



The rise of (MHD) 
simulations...



Around Y2K, 
MHD Simulations Begin to 
Have Predictive Value...
Ostriker, Stone & Gammie 2001

http://adsabs.harvard.edu/abs/2001ApJ...546..980O
http://adsabs.harvard.edu/abs/2001ApJ...546..980O


“Turbulent Fragmentation,” 2011

Figure produced using an experimental version of ADS Labs, and network 
visualization module added by Alberto Pepe.  (Available here, as of 3/22/11.)

http://adszip.cfa.harvard.edu/ui/cgi-bin/topicSearch?q=turbulent+fragmentation&qtype=USEFUL&db_key=AST&db_key=PRE&arxiv_sel=astro-ph
http://adszip.cfa.harvard.edu/ui/cgi-bin/topicSearch?q=turbulent+fragmentation&qtype=USEFUL&db_key=AST&db_key=PRE&arxiv_sel=astro-ph


...and soon, you will hear how 
turbulent fragmentation can 
give the “IMF” through the 

“CMF”... 
MAYBE!


