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Outline
- MHD-like kinetic simulation
- Electron inertia

- Pressure vs. stress

- Direct gyrokinetic simulation of tearing modes



MHD-like Kinetic Simulation
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Neglect displacement current and assume quasi-

neutrality



Including Electron Inertia
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See: Jones and Parker, J. Comput. Phys. 191 322 (2003)



Various Choices

e Direct:Calculate flow (typically ion) directly

from ¢ f

e Hybrid: Advance a fluid momentum equation,
close with pressure
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e Use a simpler closure for electron pressure, €.9.

V-1l = GQBV”(S’I?,, (isothermal)
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Frequency w

Direct Kinetic MHD works well - Alfven, Whistler, lon-acoustic waves

Cold ion limit

lon-acoustic wave - warm

2.0[ T T 4F ]

1.5F . 3— ‘

1.0F - ;2_ _
I s Direct ]

05 — 1'_ B E
L C R . ]
I o =T ™ Hybrid

0.0 § " R B B R ] O: . |/ / N B T .
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

Wave Number k

Hess and Winske (1994) - massless electrons, anisotropic pressure
Shay et al. (1998) - massless electrons, isotropic pressure

Belova et al. (2000) - cold massless electrons, of

Yin et al. (2002) - ions used to calculate ion pressure trensor



P«\assure, Tenser VS, g—‘/‘ress Tensor
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Gyrokinetic Simulation of Tearing M odes
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Wan et al., to appear in Phys. Plasmas (2004)

GEM - gyrokinetic, electromagnetic,
general geom. Chen and Parker JCP (2003)



Nonlinear saturation of collisionless and semi-collisional tearing modes

collisionless
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Wan et al., to appear in Phys. Plasmas (2004).





