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schematics of protostellar disc

Armitage (2011)

play
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variability of circumplanetary disc
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circum-jovian jet

� Gressel et al. (2013), predicted by Quillen & Trilling (1998) and Fendt (2003), also cf. Machida et al. (2006)
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revised schematics of protostellar disc

Bai & Stone (2013), Simon et al. (2013), Bai (2013), Kunz & Lesur (2013), Lesur, Fromang & Kunz (2014)
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adding ambipolar diffusion

magneto-centrifugal wind from PPD with AD
Gressel, Nelson, Turner & McNally (2014) in prep.

external ionisation
via X-Rays, CRs, new: FUV layer

Ohmic resistivity,
new: ambipolar diffusion
(no) magnetorotational
instability (MRI)
→ (no) turbulent surface layers

magneto-centrifugal
(laminar) disc winds

effect of reduced gas
column in the gap region
ionisation state of the CPD
effect on jet launching
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the fiducial model

� MMSN disc model, NVF with midplane βp 0 = 105, d/g mass ratio 10−3, XR+CR+FUV
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collisional ionisation of inner disc

� MMSN disc model, midplane βp 0 = 105, d/g mass ratio 10−3, XR+CR+FUV + thermal
� puffed-up turbulent disc shadows FUV radiation → variability/intermittency of disc wind
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stability of current sheets

� flaring MMSN disc model, midplane βp 0 = 105, d/g mass ratio 10−3, XR+CR+FUV
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non-axisymmetric evolution

(flaring) MMSN disc with AD+Ohm MMSN with Ohmic resistivity alone

� flaring MMSN disc model, midplane βp 0 = 105, d/g mass ratio 10−3, XR+CR+FUV
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Motivation: formation of gas-giant planets
Effects of additional microphysics

reduced dust fraction

� MMSN disc model, midplane βp 0 = 105, d/g mass ratio 10−4, XR+CR+FUV
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Effects of additional microphysics

shear-layer instability

� velocity shear-layer at FUV transition – also seen in Bai & Stone (2013)
� most probably distinct from Moll (2012) “clumping” instability
� → coincidence of FUV transition and wind base, yes or no?!
� → need to control tapering of FUV transition?!
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summary of simulation results
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summary of results

First stratified global simulations of PPDs with Ohm+AD
proper wind geometry is naturally obtained
mass-loss rates agree with expectations from observations

Long-term evolution and secondary instabilities
strong current sheets form adjacent to “un-dead” field belts
current layers break-up via tearing-mode (?!) instability
FUV transition drives (KH-unstable) velocity shear layer

Future prospects
study time-variability induced by MRI-active inner disc
understand dependence of wind solution on input parameters
effect of AD within gap region / CPD evolution / core accretion
inclusion of Hall term / ...
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