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Molecular clouds and protoplanetary disks are weakly ionized

Molecular cloud MMSN @ 1 AU
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* Three distinct diffusion regimes:

B; < |B.| < 1 - Ohmic (resistive)
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Magnetic drift
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Clouds and cores
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MMSN, 1AU
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Circumplanetary disks
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Circumplanetary disks

ideal MHD

Keith & Wardle in preparation



Field line drift
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Field line drift: collapsing cores / protoplanetary disks
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Momentum equation




Effect on the MRI
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MRI growth rate - ohmic vs Hall
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Column density of active layer
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Effect on disk winds
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Transport of magnetic flux vs angular momentum

Hall drift: magnetic torque => radial drift of field through gas



Self-similar collapse with non-ideal MHD
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Summary

 |deal MHD breaks down on scale of cloud cores and protoplanetary disks
— core collapse: angular momentum, magnetic flux
— protoplanetary disks: distribution and nature of MHD turbulence
— disk-driven jets: launching, coupling between jet and disk

 Field line drift is a critical part of MRI / wind launching / flux transport problems
— “low” density (clouds, cores): ambipolar diffusion (Mestel & Spitzer 1956)
— high density (disks): ohmic resistivity (e.g. Hayashi 1981)
— Hall effect (collapsing cores and disks) (Wardle 1999, Wardle & Ng 1999)
AD: ve ~ JXB ~ B2
Hall:  ve~ x=J~B ;depends on sign of B ; no dissipation
Ohm: ve~JxB /B2 ~B9;important only for high density, weak fields

o Figure of merit for Hall is NOT given by ratio of diffusivities

— dissipationless => compare vg (Hall) withv e.g. NHQ /va?



