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Outline

	 - MHD-like kinetic simulation
	 	 - Electron inertia
	 	 - Pressure vs. stress

	 - Direct gyrokinetic simulation of tearing modes



� � � �����	��
 � ���
������ � ��� ����������� 
!#"
!%$ & ' ( ) *

* & ' + ) " , -.0/ ( ) " , 1.0/3254 6 ( ) " 7 ) "

' 1254 ( 859 : ' ; :4<2
! 6 4 +=: 7!>$

4 & 4 / , ?A@>B3CED%F 9 :HG I#I ?A@ : B3CJD

+ & +LK , ; :
; K
+ : F +�M & 14 I ?A@ M B3C3D

NPO�QSRTO�U�V W<XZYJ[#R]\^U_O%` Oba3V U%c#dedfO%aEV \�agW \�Y5YJc#` O hSci\�YAXkj
a^O%cEV�dl\�RmXnVpo



� =��� ��� ���� � �m
L� ���e�  �  
�� �����
( ) 6 ( ) * 7 & '

! 6 ( ) " 7!%$ & . / 2
	 ! 6 4 + : 7!>$ '

! 6 4 + K 7!>$ 

' ; :4<2

! 6 4 +=: 7!>$ & ' ; :.0/�402�� ( ) 6 ( ) * 7 ' ; :4<2
! 6 4 + K 7!>$

! 6 4 + K 7!%$ &
254
; K
6 * , + K ) " 7 ' 1

; K
( 8 9 K

' ; :402
! 6 4 + : 7!%$ & ; :. / 402�� ( � * ' ; :

; K
6 * , +LK ) " 7 , ; :

; K
402 ( 8 9 K

 � ��� 1 � 	
1 ' � �� �� : ( � 
 * & ' + ) " , -.0/ ( ) "

, 1.0/3254 6 ( ) " 7 ) " ' 1254 ( 8 9 :����������� ���"! #$��% &'#�(*)+�,(.-0/214365�7 8:9�;<1>=@?"ACBD1FEHGIE C �J� KL� /�/ C2M



� �@� ��� ��� � ��� ���>
��

� � � �e
�� ���
	 \�RZU%c#R \EV5O ���� 6 Vpo�[bX U \�R�Rko X��Sa 7 W<X dfO�U�V�Rko
� d���` ?A@

� � ���@� � ��� � W��i\�a^U_O \ � cbX W ` �S` O%aEV�c#` O�hSci\3V X���a��
U>R��bY O � XnV�� [ dfO3Y5YJc#dfO

; K
! 6 4 + 7!%$ & 1.0/ 6 ( ) " 7 ) " ' M ( 859 M

� � Y O \ Y�X ` [�RTO%d U>R���YJc#dfO � �Ld�ObRTO�U�V�d �Sa [ dfO3Y5YJc#dfO!�bO!"�Q#"

( 8 9 : & $ : /&%' ( ( ? 4 F 6 X Y)�>V��^O%de` \�R 7

�Ld ( 8 9 : & '
* +
, ; :

D.- :2 /�0 ( /21343 : \ R \ 5 \�` ` O�V V j76 Obd98^X a Y



Ion-acoustic wave - warmCold ion limit

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

Direct

Hess and Winske (1994)  - massless electrons, anisotropic pressure
Shay et al.  (1998) - massless electrons, isotropic pressure
Belova et al. (2000) - cold massless electrons,  δf 
Yin et al.  (2002) - ions used to calculate ion pressure trensor

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

GE M - gyrokinetic, electromagnetic, 
general geom.  Chen and Parker JCP (2003)
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Nonlinear  satur ation of collisionless and semi-collisional tear ing modes

e-i collisions

w α νei t

Drake '77

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