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• Runaway growth of giant planet 
e v a c u a t e s g a s f r o m t h e 
protoplanetary disk, opening a 
gap around the planet	



• Accretion flow forms and passes 
through a circumplanetary disk 
ringing the protoplanet	



• Protoplanet growth requires an 
accretion mechanism in the 
circumplanetary disk Ta
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Toroidal field	


!

Magnetic braking

Vertical field	


drawn in from GMC

Magnetic fields and accretion

Magnetorotational 
Instability (MRI)	



turbulent or toroidal accretion
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Magnetic forces are likely required to drive accretion 

Toroidal field	


wound up by keplerian rotation

Dead zone

X-Rays, Cosmic Rays

Thermal Ionisation

+Radioactive Decay

Sufficient ionisation is required to 
transmits magnetic forces
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Non-ideal MHD
Neutral collisions inhibit the necessary interaction 

between the magnetic field and gas.

Low diffusivity - field interacts with gas	


High diffusivity - field poorly/not coupled to flow	



Diffusivity	


!

Ohmic, ηO	



Hall, ηH	



Ambipolar, ηA

Density	
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High	


Intermediate	



Low

Electrons Ions
Coupled to field?
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Ohmic Hall Ambipolar



Gap-crossing model so far

Pure Hydro

Ideal MHD

Resistive 
MHD
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Gap-crossing model so far

Pure H

Ideal MHD

Resistive 
MHD

All three non-ideal effects are important and needed
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Magnetic fields in gap crossing
Aim: identify magnetic structure and accretion 
mechanisms in gap and cirumplanetary disk
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We use a snapshot of flow in a 
hydrodynamic gap simulation.	



!

We post-calculate detailed maps 
of the ionisation, field strength & 

geometry, magnetic forces, & 
strength of non-ideal effects … 

cheaply	





Disks and gap model

• Disk model:     Tanigawa et al (2012) 3D 
hydrodynamic simulation rescaled to the MMSN for a 
Jovian-like protoplanet.	



• Ionisation sources/sinks:     X-rays, cosmic rays, 
radioactive decay, charge capture by grains (fdg=10-4).	



• Magnetic field:     Flux conserved vertical field, with 
additional toroidal and MRI fields according to 
coupling. 
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Non-ideal effects
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Ambipolar

Ohmic

Hall

Good coupling ☛ Magnetic field drawn along



 

βɸ=1

βz >8π2

Field Geometry
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Toroidal/Vertical

Hall MRI

Ideal MRI

Toroidal Field

Vertical Field



 

MRI susceptibility
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No turbulence No turbulence

Turbulent

Ω and B aligned Ω and B anti-aligned

Turbulent

Cirumplanetary disk ☛ could be active OR dead



Implications
•Field is dragged in with gas and geometry is 

complex	



•Magnetic fields (large-scale or turbulent) may 
drive accretion in circumplanatary disk 
depending on global field orientation - 
bimodal outcome? 	



•Non-ideal effects are considerable and each 
must be included. Improved Hall simulations 
are needed.
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