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§ Large density fluctuations

Fractal appareance of MCs (Scalo 
1990; Falgarone et al. 1991)

§ Large velocity fluctuations

§ Large Reynolds numbers

§ Nonthermal linewidths



So, if clouds are turbulent, why all these papers

about gravity or turbulence?



For some time,Larson’s relations were thought to be 
proof of MCs being turbulent and in virial equilibrium:



Larson’s relations
The problem is that both relations have observational biases. Let's see

the density-size relation::

Lombardi+(2010)

Kainulainen+(2009)



We observe clouds with  nearly constant column densities
because we define clouds with column density thresholds, and 

most of the clouds' volumen is occupied by low column density
regions, as can be seen in their N-PDFs 

(Ballesteros-Paredes & Mac Low 2002; Ballesteros-Paredes+12;
Beaumont+12

Larson’s relations
The problem is that both relations have observational biases. Let's see

the density-size relation::



Larson’s relations
The problem is that both relations have observational biases. Let's see

the velocity dispersion -size relation:



Larson (1981) scaling relations
What about the dv-R relation?



Caselli & Myers (1995)



Plume et. al (1997)



Shirley et al. (2003)



Gibson et al. (2009)



Wu et al. (2009)



All together

observational data compilation
shows no correlation



If gravity drives motions in MCs



If gravity drives motions in MCs

Heyer's+ (2009) data:



Clouds are formed from large-scale compressions (Ballesteros-
Paredes+99a,b) in the bi-stable warm ISM (Hennebell & Perault 

1999)…

How to understand Heyer’s results



How to understand Heyer’s results
.. they cool down rapidly and form molecules at the same time at 

which it becomes gravitationally unstable (Hartmann+01), proceeding 
to collapse



How to understand Heyer’s results
Then global collapse proceeds in a chaotic and hierarchical way

(Burkert & Hartmann 2004; Vázquez-Semadeni+2007; Heitsch & 
Hartmann 2008; Heitsch, Ballesteros-Paredes & Hartmann 2009; 

Vázquez-Semadeni+2010, Ballesteros-Paredes+2011)



Key ingredient:
Virial-like relation for collapsing gas (VS+2007)



Key ingredient:
Virial-like relation for collapsing gas (VS+2007)



Ibañez-Mejia+(2016):
SN driven turbulence does not provide enough energy to 

produce a velocity dispersion-size relation:



If gravity drives motions,
Cores in massive star forming regions without evident stellar 

feedback. NH3(1,1), (2,2), CH3CN, from Palau’s team (Sepulveda+11; 
Sánchez-Monge+2013; Palau+14, 15).



From Palau’s team data: cores without evident stellar 
feedback. 

NH3(1,1), (2,2), CH3CN.



How are the evolutionary tracks of  
collapsing cores in numerical 

simulations?



Quite simple numerical simulations:

• isothermal cores
• Just gravity

• Initial velocity fluctuations, cst density
• Initial density fluctuations, constant. velocity

1000 Mj
Gadget, 6000



How do the evolution of numerical simulations of collapsing 
cores behave in these diagrams?

3 types of simulations:

- Velocity fluctuations: 
Mach 4, 8, 16

- Density fluctuations, 
Mach 0

- Single density fluctuation,  
Mach 0



How do the evolution of numerical simulations of collapsing 
cores behave in these diagrams?isothermal, massive cores 

collapsing: (Ballesteros-Paredes +2015):

3 types of  simulations:

- Velocity fluctuations: 
Mach 4, 8, 16

- Density fluctuations, 
Mach 0

- Single density fluctuation,  
Mach 0



How do the evolution of numerical simulations of collapsing 
cores behave in these diagrams? isothermal, massive cores 

collapsing: (Ballesteros-Paredes +2015):

3 types of simulations:

- Velocity fluctuations: 
Mach 4, 8, 16

- Density fluctuations, 
Mach 0

- Single density fluctuation,  
Mach 0



Evolution in the Larson's ratio vs velocity dispersion-size
diagrams. Mach 16:



Evolution in the Larson's ratio vs velocity dispersion-size
diagrams. Mach 8:



Evolution in the Larson's ratio vs velocity dispersion-size
diagrams. Mach 4:



Evolution in the Larson's ratio vs velocity dispersion-size
diagrams. Mach 0:



Single density fluctuation (Mach 0), spherically 
symmetric 



Why collapsing clouds 
appear to have an excess 

of kinetic energy?



Ballesteros-Paredes+(2017)

We are too attached to the idea of Virial equilibrium 
and turbulent support, that we forgot that a sphere 

with constant density has a gravitational energy

less negative than the actual gravitational energy of a 
cloud.



W/Eg ratio for our cores:
(Ballesteros-Paredes+ 2017)





Ballesteros-Paredes+(2017)



Ballesteros-Paredes+(2017)



Ballesteros-Paredes+(2017)



Ballesteros-Paredes+(2017)



The question is whether non-thermal motions are the cause and 
not the effect:



The question is whether non-thermal motions are the cause and 
not the effect:

Physical causes



The question is whether non-thermal motions are the cause and 
not the effect:

Physical causesConsequences



The question is whether non-thermal motions are the cause and 
not the effect:

dotting this equation by the position vector xi



The question is whether non-thermal motions are the cause and 
not the effect:

dotting this equation by the position vector xi



The question is whether non-thermal motions are the cause and 
not the effect:



The question is whether non-thermal motions are the cause and 
not the effect:



Of course, the ISM is a turbulent flow

But it's origin is the hierarchical-chaotic collapse.

§ Large Reynolds numbers



Summary:

1. Both Larson' relations are an artifact of low
column density dynamical range. 

2. Molecular cloud turbulence should have a 
gravitational origin

3. Overvirial motions: not necessarily internally
driven.



The end


