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1. Failure of ideal-MHD: catastrophic magnetic braking 

prevents disk formation (Galli e al. 2006);

2. Field dissipation must take place on ~ disk scales  (Shu et al. 

2006);

3. Magnetic field brought in by star formation gives natural 

mechanism for disk viscosity and resistivity. Magnetized disk 

structure and subkeplerian rotation (Shu et al. 2007);

4. Sub-Keplerian rotation of disks makes cold disk winds 

difficult (Shu et al. 2008) and produces faster planet 

migration (Adams et al. 2009 ).
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with l >1 necessary for instability 
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1. Failure of Ideal MHD

• Suppression of disk formation by catastrophic magnetic 
braking (Allen et al. 2003, Galli et al. 2006)

• Disk formation with field-freezing possible only for clouds with l
> 80 (Mellon & Li 2008), or l > 20 (Hennebelle & Fromang 
2007).

• But  l ≈ 1- 2 in molecular clouds  

• → field-freezing must be violated 

• → field dissipation, non-ideal MHD



split monopole streamlines 
and fieldlines

In ideal MHD, B trapped in the central star creates a 
split monopole with Br ~ a3t /(G1/2 r2)

side view top view



=> catastrophic magnetic braking

Galli et al. 2006
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Comparison w. numerical simulations
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Price & Bate (2007)

no B field (l = ∞)

with B field (l = 3), in  ideal MHD



Magnetic flux problem for collapse 
with field-freezing

F * ≈ 1/4 Fcl

M* ≈ 1/2 Mcl

→ l* ≈ 2 lcl 

but observationally

lcl ≈ 1, l* ≈ 103-104

Fcl

F*

→ field dissipation

Mcl

M*



2. Field dissipation: non-ideal MHD

• free-fall on a protostar with mass M


(t)

• quasi-steady-state: flux advection balanced by dissipation                  

• resistivity h spatially uniform, the star has zero flux

• → the dimensional parameters G, M


and h define the 
dissipation (Ohm) radius 

• For B≈1G at R≈3 AU (paleomagnetism in meteorites)

→ rOhm ≈ 10 AU (disk size!)

 

rOhm 
h2

2GM*



uniform field for r < rOhm

split-monopole field for r >> rOhm

Analytical solution

Shu et al (2006)



model: rOhm = 50 AU
observations

Gonçalves, Galli & Girart (2008)

NGC1333 IRAS 4A



3. Magnetized accretion disks

Two diffusive processes:

• Viscosity n (turbulent/magnetic stresses)                  
→ allows matter to accrete

• Resistivity h (collisions/ MRI instability)                        
→ allows matter to slip through magnetic field

star

mass accretion

disk

sink of mass            
(not flux/ang. mom.)

z0

R

Bz

BR

Shu et al (2007).



• In steady-state, the inward dragging of field lines by 
accretion balanced by outward field diffusion. Consistency 
requires:

Viscosity n → mixing quantities on large scale R

Resistivity h → reconnection of BR across small scale z0

and
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• Stellar gravity diluted by magnetic tension

subkeplerian rotation (f ≈ 0.7 for solar-type stars).

• Subkeplerian rotation implies that, to launch

disk winds, they either have to be warm or have a 
dynamically fast diffusion that imply too short disk 
lifetimes (< 10  yr) (Shu et al. 2008) .
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Effect on planet  migration

• I
•In subkeplerian disks, embedded planets orbit with 
keplerian speeds and experience a headwind from 
the slower gaseous disk. The resulting velocity 
mismatch results in energy loss from the orbit and 
inward migration (Adams et al. 2009).

•Subkeplerian migration dominates over Type I 
migration inside 1 AU.  The mass accreted by the 
core is reduced.



Migration time (Myr) and final core 
mass versus starting radius r  0



Conclusions

• Cloud magnetic fields are dynamically important 
for low- and high-mass star formation (lcloud ≈ 1-
2)

• Field dissipation is needed to to avoid catastrophic 
braking and form disks (ldisk ≈ 2-16).

• The bulk of field dissipation occurs in accretion 
disks (lstar ≈ 102-103).

• Fields dragged in disks produce subkeplerian 
rotation. 

• Subkeplerian rotation in disks will affect the 
ejection of disk winds and planet migration. 
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T Tauri 0.5 1x10-8 3x106 10-2.5 300 0.03 0.66

Low-mass 
protostar

0.5 2x10-6 1x105 1 320 0.2 0.96

High-mass 
protostar

25 1x10-4 1x105 1 1500 10 0.96

Results



• In steady-state, the inward dragging of field lines by 
accretion balanced by outward field diffusion
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Fromang et al. (2006)side viewtop view

no B field (l = ∞)

with B field (l = 2)

centrifugal disk

magnetic pseudo-disk
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Only possible in 3D!


