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Bottom Line

Are magnetic fields important?  Of course!

Do they dominate molecular core formation? No!

They modulate gravoturbulent core formation.



You can’t get there from here…

“Star formation is a fight between gravity, and 
magnetic fields, rotation, turbulence, and thermal 
pressure.”

paraphrased from Mouschovias 91
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How can you form a supercritical core?

ion-neutral drift (ambipolar diffusion)?



how can you form quasi-static, 
subcritical, cores in a turbulent flow?

You can’t get there from here…

subcritical cores must be confined.
Magnetic pressure exceeds gravitation by 
definition.



Column Density Contrast

Nakano 1998

only supercritical objects appear 
as high-contrast cores in column 
density maps
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QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.

Galván-Madrid, Vázquez-Semadeni, Kim, & Ballesteros-Paredes 2007



ratios of starless, 
prestellar, and 
failed cores to 
cores with stars
agrees with 
observed values, 
as do lifetimes

Ward-Thompson et al PPV 07

Galván-Madrid et al. 2007



most star formation occurs in regions of large-scale 
gravitationally instability---in spiral galaxies, these 
are the spiral arms. Gas naturally accumulates in 
gravitationally unstable regions over kpc scales,
reaching supercritical values.

Molecular cloud formation far from spiral arms, as in 
the solar neighborhood, likely driven by interstellar 
turbulence: supernova-driven sweeping may be 
sufficient. Not a dominant star formation 
mechanism, but may dominate our observations of 
low mass SF.

An Alternative
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Numerical Experiments

Control: initial gravitational instability
Measure: star formation properties
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Global Schmidt Law

Kennicutt 1998Li, Mac Low, & Klessen 2005, ApJLett, 2006, ApJ

models observations



Fig. 8.— Model SMHD1 ( F=3 %) and model SMHD2 ( F=10 %): model SMHD1 at (a) t/ torb =1.0 and (b) t/ torb =1.125 ; model 
SMHD2 at (c) t/ torb =1.0 and (d) t/ torb =1.125. The boxed regions in (b) and (d) are the inner 14 X14 kpc2 shown in detail in Fig. 9. 

Units of Colorscale are log (Σ/Σ0). 

Shetty & Ostriker 06

with spiral potential
and self-gravity

hydro

MHD



most star formation occurs in regions of large-scale 
gravitationally instability---in spiral galaxies, these 
are the spiral arms. Gas naturally accumulates in 
gravitationally unstable regions over kpc scales,
reaching supercritical values.

Molecular cloud formation far from spiral arms, as in 
the solar neighborhood, likely driven by turbulent 
compression (Ballesteros-Paredes et al. 99): supernova-
driven sweeping may be sufficient. Not a dominant 
star formation mechanism, but seems to dominate 
our observations of low mass SF.

An Alternative



Temperature
Joung & Mac Low 2006



Avillez & Breitschwerdt 05

Troland & Heiles 86

B ∝ ρ0
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Joung & Mac Low 2006

Does triggering dominate?
•Measure Jeans mass in boxes of size Lbox
•Optimistically take 30% (dotted) or 100% (solid) SFR
•Compare output SFR to input SFR (red dashes)
•It’s an ORDER OF MAGNITUDE lower.



Glover & Mac Low 2007b

H2 fraction

density

Hennebelle & Audit 07

5123, MHD, 3D

10,0002, hydro, 2D

structure from colliding flows 
or turbulence



The Scorecard
• hourglass field shapes
• B ∝ n1/2

• mildly supercritical 
cores

• angular mntm distr.
• Larson’s laws

• SF timescale behind 
spiral shocks

• unification of low 
mass and high mass
SF

• IMF
• SFE in clumps

drawn from Tassis, Mouschovias, & 
Kunz 06, Tilley & Pudritz 07, McKee & 
Ostriker 07, Mac Low & Klessen 04



Tamburro+ 07

Tamburro et al. 07



The natural mode of star formation is prompt 
gravitational collapse.  This produces 
starburst knots, OB associations, and the 
bulk of the star formation in the universe.

If turbulence frustrates gravitational collapse, 
isolated low-mass star formation occurs 
(down to M/MJ,T ~ 0.1).

If magnetic fields prevent collapse, NO star 
formation occurs. Collapse-free clouds are
indeed candidates for magnetic support, but 
they are most rare.



Supported vs. Unsupported SF

Klessen, Heitsch, ML (2000)

Projected 
positions of sink 
particles from 
SPH models



Jappsen, Klessen, Larson, Li, Y., & ML 2005



Klessen, Heitsch, ML (2000) J /d rmsMλ λ <  

Mbox   =  1Mbox   =  1



Heitsch, ML, Klessen (2001)

Magnetic fields 
reduce the 
fraction of mass 
in collapsed 
objects, but do 
not prevent local 
collapse.

64

128

256
512

This result 
appears to be
converged.

Pakshing Li, Norman, ML, Heitsch 2004



clustered star formation efficiency can be > 30%
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Li, Norman, ML & Heitsch 2004
5123 ZEUS-MP computation

•Turbulently 
supported cube
•self-gravitating
•magnetized (λ=8)
•supersonic
•slightly 
supercritical cores 
form with hourglass
field shapes.



Fig. 7.— The B-n relation: observations and theoretical models. The thick contour lines are from the super-
Alfvénic model Ad2 and the thin contour lines are from the equipartition model Bd1. Symbols are as 
follows: diamonds, Troland & Heiles (1986); dotted line, Crutcher et al. (1993); asterisks, Crutcher et al. 
(1996); boxed X, Crutcher et al. (1999); dot-dashed line, Fiebig & Güsten (1989); dashed line,Thomson & 
Nelson (1980); triple-dot–dashed line, Verschuur (1995); and triangles, Johnston et al. (1989). 

Padoan & Nordlund 99

B ∝ n1/2

equipartition

super-Alfvénic

P. Li et al 04



Subcritical and near critical 
cores form from even weakly 
magnetized collapsing gas.

subcritical



Angular Momentum 
Distribution

Jappsen & Klessen 2004

Figure 1: The distribution of specific angular momenta of prestellar cores formed in our simulations 
using model M6k2 (non-hatched histogram) is compared to the distribution of specific angular 
momenta of observed molecular cloud cores (hatched distributions). The observational data were 
taken in  a) from Table 5 in Caselli et al. (2002), in  b) from Table 2 in Goodman et al. (1993), Table 4 
in Barranco & Goodman (1998) and Table A2 in Jijina et al. (1999) and in  c) from Table 7 in Pirogov 
et al. (2003). We take fj to represent the percentage of the total number of existing cores in a specific 
angular momentum bin.

observed

scaled model



Ossenkopf & Mac Low 2002

Polaris Flare

driven turbulence

Ballesteros-Paredes & Mac Low 2002

Linewidth-size relation from 
driven turbulence.

Density-size relation appears 
observational artifact.



• at core formation scales they influence
• collapse rate
• morphology

• at small scales they determine
• disk formation

• non-ideal effects must be included!
• angular momentum transport in disks
• jet formation
• disk structure

Points of Agreement on 
Magnetic Field Effects



Observations
(Crutcher 2004,
Goodman et al. 1993,
Caselli et al. 2002)

µ<5 (may be <2)
β<0.07 
(β=0.02, typical)

Hennebelle & Teyssier 2008
amplitude of perturbation: 0.1

µ: 1000-1.25
corrected β about 0.01
(uncorrected β =0.045)

No class-0 disk
Class-0 disk no fragmentation
Fragmentation

Results of Machida et al. 2005

Ωc / (4πGρc )1/2 = β , β = Erot / Egrav

Bzc / (8πCS
2ρc ) ≈ 3 / ( α µ), α = Etherm / Egrav , µ = (M / φ) / (M / φ)crit

µ

µ=20

β

µ=5

β=0.07



Conclusion
Gravitational instability in a mildly 
supercritical, low β, mildly super-Alfvénic 
medium appears consistent with the data.

Star formation is regulated by turbulent flows 
modulated by magnetic fields.

Non-ideal effects including ambipolar 
diffusion become important at the scale of 
disk formation and evolution.




