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Vortex Dynamics in Nonneutral Plasmas

�� ����� ����� !

"#$%$%&'()*+%,-.

KIWAMOTO Yasuhito, SOGA Yukihiro, AOKI Jun

Graduate School of Human and Environmental Studies, Kyoto University

���	
��
/�0123456789:�;<=>�?@�A� E x B BCDE2

;<=>�FGHIJKLMNOP7<Q E RS7TUVWQ��R
��
�FGHI

XWQYZJUVRS7Q[�WQJ\]^_@J`ab^cdefPghiP7TjJ

=>� gyroradiig<Q�k(�lmnKLXoHpOqr�=>�st�uvwJxyr

<QgUVRS72z{R|P}�~�fP:?@�A���JKL�NOP7���	

���f�2�^�~2gR|r�fP��:�<�_2U����Gg=>FGJ��

�7~2J^7T~�����/���72��� ������OP�,-�fPJ�yr

�01���/�
��
 ¡2�r¢£�7~2gR|7T�,-�¤¥:¦§6P¨

X�©ª_�«¬g­§�®�¡¯b,-�°[g$|§T±yrH²yr§7�:�%

bJ³67´µJ¶·Pr§�T¸�K¹^¤¥��R<Wº%23[����	
��


�©ª3»:��/¼½� ¡%�¾Q²·¿À]�$|^ÁÂ2^yr§7TWÃO

P�Ä<>
��
JÅ§r�Æg%ÇÈÉÊ���/�ËJSÌ7T

Í�Î��Ï�1Ð%�¡¯:©ªÑÒ�ÓÔ@RÕÖ�×JØÙOP�T

Í�Î�¡¯bJ:ÚO/Û�Ü^§�Ï:�ÝÞßR:à¶�HI/Û5T�Ï(�áâg

¸�HIãJzäq2��ÏgåM�7T¸�åMJKLæçOP7QJKyr�Ï:[

��7T~�èé�©ªbêë:�ìíî�ïðnR�ñbJòëOPr§�~2Jz§T

ÍóÎ�[��èé��R��GHI:Dô�õöEÃ�r÷øJù|úqT¸�ûüÃgf

�/�N�7��u^�lmný�À} gyrordiiþ���Jzäq2��01J��r:

©�bJ��ghiP7T gyroradidi:��lmn� control parameter2�rà�RS7T

Í�Î�[�:�89/��JU�Ã�7~2:R|^qr�ý5iL��^�Ï:�à�H

I/Û5·�q��	
OP^§�H ÍdebrisÎ :�
OPr�Ï��J���n���H

I ÍBackground Vorticity DistributionÎ /MN�7T�Ï�������R:¦�(�ÛOP

7ý������/5q7ÑÒ:�®r�§g�BGVDgS72 §ÑÒJ��r�!	

�"§�Ïýclumps2#$�g%&²���gÝ'bJMNOP7T

Í�Î�BGVD:�Ï�[�/()�r�Ï(�áâ/*5+|�,*�-^7�Ï/�!�

�.J0$+|//�TÍ�Î 2[0Ür�31MN�Ð%b2_JÅ67 3456�7°:�

�bRS7T89 ¡%�a:²·;</Û�Pr§7g�iÈ=q>¡OPr§^§T

Í?Î�Penning@AHI:Bde����2�^�~2gR|7T~���/ �C�­WQ�

�R�Ï�[�/DErMN�K¹2�72�FGHI���J��LJ�FG� halo H

IgMNOP7T~�¼K: Í�ÎÍ�Î JDE7X�RSL¹T

ÍMÎ�Ä<>� Penning @ANO/�Û�72�PQ�ýR>H>S���lmnR�<>

:T�UöJ.|V0L�W=>2ø=>gXY��÷NH��	
��
�2^7T=

>�N�åÃiRZ®�@A([\�´µ2�r]^;<_§`µ22·Àr§7T




