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Barnard 1910 Thursday→



Loren 1989 on Barnard 1910

“The Cobwebs of Ophiuchus” (Bob Loren, 1989)

come Thursday to see this “in 3D”

 “clouds”
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Image Credit: Jonathan Foster & Jaime Pineda CfA/COMPLETE Deep Megacam Mosaic of West End of Perseus
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Does the “DCMF” give the IMF?

What, really, is a “dense core?”

DCMF



The “Salpeter IMF” (1955)



(from the Conclusions)  
This IMF determination is examined in the context of star formation theory. 
Theories based on a pure Jeans‐type mechanism, where fragmentation is due only 
to gravity, appear to have difficulties explaining the determined IMF and various 
observational constraints on star formation. On the other hand, recent numerical 
simulations of compressible turbulence, in particular in super‐Alfvénic 
conditions, reproduce qualitatively and reasonably quantitatively the determined 
IMF and thus provide an appealing solution. In this picture, star formation is 
induced by the dissipation of large‐scale turbulence to smaller scales through 
radiative shocks, producing filamentary structures. These shocks produce 
local, nonequilibrium structures with large density contrasts. Some of these 
dense cores then collapse eventually in gravitationally bound objects under 
the combined action of turbulence and gravity. The concept of a single Jeans mass, 
however, is replaced by a distribution of local Jeans masses, representative of 
the lognormal probability density function of the turbulent gas. Cores 
exceeding the average Jeans mass (1 M⊙) naturally collapse into stars under the 
action of gravity, whereas objects below this limit still have a possibility to collapse, 
but with a decreasing probability, as gravity selects only the densest cores in a certain 
mass range (the ones such that the mass exceeds the local Jeans mass mJ). This 
picture, combining turbulence as the initial mechanism for fragmentation and 
gravity, thus provides a natural explanation for a scale‐free power‐law IMF at large 
scales and a broad lognormal form below about 1 M⊙. Additional mechanisms such 
as accretion, subfragmentation of the cores, and multiplicity will not significantly 
affect the high‐mass power‐law part of the mass spectrum but can modify the 
extension of its low‐mass part. The initial level of turbulence in the cloud and its 
initial density can also affect the low‐mass part of the IMF.

1.1. Historical Perspective 

Since the pioneering paper of Salpeter (1955), 
several fundamental reviews on the Galactic stellar mass 
function (MF) have been written by, in particular, Schmidt 
(1959), Miller & Scalo (1979, hereafter MS79), and Scalo 
(1986). A shorter, more recent discussion is given by Kroupa 
(2002). The determination of the stellar MF is a cornerstone 
in astrophysics, for the stellar mass distribution determines 
the evolution, surface brightness, chemical enrichment, and 
baryonic content of galaxies. Determining whether this MF 
has been constant along the evolution of the universe or 
varies with redshift bears crucial consequences on the so‐
called cosmic star formation, i.e., on the universe's light and 
matter evolution. Furthermore, the knowledge of the MF in 
our Galaxy yields the complete census of its stellar and 
substellar population and provides an essential diagnostic to 
understand the formation of starlike objects. As emphasized 
by Scalo (1986), the stellar and substellar mass 
distribution is the link between stellar and 
galactic evolution. 

…

2003



Details are very interesting, but for today 
—any kind of turbulence-inducing process  

seems to give a “Salpeter” IMF  
 

(as high-mass end of underlying log-normal distribution, caused by…central limit theorem)

2017



Offner et al. 2009



It is much, much harder to “count” gas than stars.

(Is there a sensible) Cloud Mass Function(?)
in a webby, filamentary, ISM



Mass spectrum 
changes 

dramatically 
based on 
algorithm 

parameters.

Problem 
especially bad 
for “crowded” 

emission—
exponent 

“adjustable” with 
step size.

“The Perils of CLUMPFIND”
Pineda, Rosolowsky & Goodman 2009

You can get almost any CMF exponent you want.



Until this decade, I thought  
(coherent) cores were real, 
countable, entities, whose mass 
one could measure 
—but I am less sure now.   (AG, 2017)



CoherenT Cores 

Islands of Calm in turbulent Seas(?) 

 

The 30-year story: Myers & Benson 1983, Goodman et al. 1998, Pineda et al. 2010, 2011, 2014



1998
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many thanks to Jaime Pineda & Jens Kauffmann for this figure 
COMPLETE data: 13CO from Ridge et al. 2006; NH3 from Pineda et al. 2010

weak 13CO
strong 13CO

weak NH3 strong NH3

Position-Velocity structure of the B5 region in Perseus



position-Velocity space & Spectral-line Mapping
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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.

(Thursday!)
glue

multidimensional data exploration
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COMPLETE data: 13CO from Ridge et al. 2006; NH3 from Pineda et al. 2010
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Position-Velocity structure of the B5 region in Perseus



weak 13CO

strong 13CO

weak NH3
strong NH3

STRONG Evidence for ”Velocity 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

 



But then...

Pineda et al. 2011

we found sub-structure

gold contour 
shows 

“coherent” core



Pineda, Offner, Parker, Arce, Goodman, Caselli, Fuller, Bourke & Corder 2015

and sub-sub Structure

We now also know that b5 is (RAPIDLY) forming a bound cluster



isothermal, 
hydrostatic filaments, 
not turbulent ones?

Pineda et al. 2011

but maybe it’s different?



Here’s the fun/crazy part.



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)

Herschel data from Gould Belt SurveyGoodman, Chen, Offner & Pineda 2017 in prep.



1998 2008



B5-ish Simulation (no Magnetic field)

Offner (priv. comm.)



B5/Glue (New IRAM 30-m data) glue
multidimensional data exploration

 glueviz.orgGoodman, Chen, Offner & Pineda 2017 in prep.

Thursday!



Smith, with Klessen, Glover, Hacar…

slide courtesy of Rowan Smith, from CfA-ITC talk, 2016 
cf. Moeckl & Burkert 2015, work of Hacar et al…

Simulators are almost observing enough lines… 

Thursday!



“Taste-Testing”



Taste Test: Dendrogram Decomposition of Column Density PDF 
Chen, Burkhart, Goodman & Collins 2017

PDF=Probability Density (or Distribution) Function



Taste Test: Dendrogram Decomposition of Column Density PDF 
Chen, Burkhart, Goodman & Collins 2017



“L1689” in Ophiuchus





Are the dense structures “cores”? Are they gravitationally bound? 

Chen, Burkhart, Goodman & Collins 2017



Hull, Mocz, Burkhart, Goodman, Girart, Cortes, Hernquist, Springel, Li & Lai 2017.

What, really, is a “dense core?”



tinyurl.com/ApJ-B-InteractiveHull, Mocz, Burkhart, Goodman, Girart, Cortes, Hernquist, Springel, Li & Lai 2017.

magnetic field near forming protstar 
moderately “weak” at 140 AU 

resolution; orientation different from 
large-scale, not hourglass; based on 

MHD turbulence simulation

simulations

observations





(When) does spherical collapse happen? Ever? 



Is it all about non-spherical accretion in filaments & flows? 

Peretto et al. 2014



Mass delivered to (high-mass) star via infalling dense 
filaments, RT instabilities, and disk accretion.  (Rosen et al. 2016)

(3,000 AU)2

(20,000 AU)2

Is low-mass case much different?



What’s next?
“Droplets”

Chen, Burkert, Goodman & Pineda 2017, on ←NOT the “dark” web!

⍺=2T/W=~kinetic/
gravitational energy



(Pressure Bound) “Droplets”

Chen, Burkert, Goodman & Pineda 2017, on ←NOT the “dark” web!

falling pressure toward center 
of “unbound” structures?



“Droplets”

Chen, Burkert, Goodman & Pineda 2017, on ←NOT the “dark” web!

Hint: ask about very low mass stars & planets…!
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Preview of Thursday’s Sequel… (Bones of) The Milky Way!

Zucker, Battersby & Goodman 2017







https://arxiv.org/pdf/1110.5733.pdf



Slides from Anna re: isolated 
massive star formation from the 

collapse of a turbulent core (with 
hybrid radiative transfer).



…but star forming cores are turbulent
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Turbulence should be initial 
seeds for RT instabilities.

Ginsburg+2017



Wise & Abel 2011 

Initial 
Conditions: 

Mcore=150 M☉ 

Rcore=0.1 pc 

ρ(r)∝r -3/2 

σ1D=0.4 km s-1 
𝝙xmin=20 AU 
tff=42,710 yrs

Top panel: (40,000 AU x 40,000 AU) 
Bottom panel: (8,000 AU x 8,000 AU)

Collapse of turbulent core with HARM2

Rosen+2016



Mass delivered to star via infalling dense 
filaments, RT instabilities, and disk accretion. 

(3,000 AU)2

(20,000 AU)2

Rosen+2016



(10,000 AU)2

23.8 M☉

61.2 M☉41.1 M☉

30.0 M☉

High accretion rates and infalling filaments provide 
sufficient ram pressure to overcome radiation pressure.

Rosen+2016

Agrees with turbulent core model 
for massive star formation  
(McKee & Tan, 2003)



Simulation movies can be found at www.anna-rosen.com/
movies


