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1 Ú ó

3�6�1�>��¥, ^|�Ú\�±k�
�O��>�rÝ, ¦�lfN�Ý���ÌÝ�
J,. ��>^|�>, = E×B /ª��>, �´
3éõ^��>C�¥�3, ~X Penning �> [1],

^�í��� [2], ¿�\�ì� [3,4]. E × B �>
�Ì�A�´�3>f�¿�¤£, >f3¿�¤
£L§¥Ó¥5�f-Eu)>l.

�4�¿��lfN\�ì�Ì��>«�
Ò´>fu)¿�¤£�«�, =¿�¤£´Ù�
±íN�>�Ì�Ån. ùp·�¤�'5�¯K
´: XÛ3�yÙ�>½5�Ä:þJ,Ù�>
�Ç. ù�¯K�,�l¿�¤£Ån��Ý?1
©Û.

¿�¤£�>��´��äk��{¤�{
K, ��XÚ��ãÑy3 Zhurin ¤Í�'u¿�
í?ì�nã¥ [4]. �´Ù¥éu^|ëê�ÀJ

%äk�½�Û�5: �´�âd�>���Ôn
º��½�>f£^�»5�Ñ^|�����.

d	'u^| /é�>�K��kL?Ø [5−7].

�´·���, ¿�¤£´>|Ú^|�Ó�^�
(J, ·�ØU��Ä^|�Ñ>|. ¤±·�
I�lÙ¦��Ý5©Û¿�¤£¥ØÓ>|Ó
^|����¬é�>�)�o��K�.

Q,�>�)�gd>fí´Ó>^|�p
�^�, @o�±�ÄlÄN�>ÄåÆ��Ý5
&?ù�¯K. ù3©z [8] ¥k��éÐ�m©,

Ù¥£ã
¦^âÔ[C��{5©Û��>^
|¥�>âf�$Ä�¹. éu��>^|5ù,

�±é{ü/ÀJ��âÔ[ë�X, ¦�Ù¥�
>|� 0, ^|���Ó¢�¿^|���Ó, ù�
Ò�±é{ü��Ñ�>âf¬�)¿�¤£�
(Ø, ¿��ìd�{�e?Ø·�U�ÑDÚn
Ø�Ø���
Ù¦(J.

�4�¿��lfN\�ìÌ�^�lf,
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ÏdÙ>l�Ç´'����	ëê. >l�Ç
´�>lL§¥>lÑ�lf�¤¦^�>f�
êþ'�, =ü êþ�>f�¥5�f-E¤�
)�lfê8. Ïd·�q©Û
 E/B �'�é
>l�Ç�K�. ùéu�4�¿��lfN\�
ì��Oäk�½���¿Â.

2 ¿�¤£�âÔ[C�©Û [8]

�
?Ø��B, ·�3ùpæ^pdü �
5�ã.

éu3��>^|¥��>âf5ù, ·��
±é���âÔ[ë�X K ′, ¦� K ′ X�éu¢
�¿X K ��Ý�

u = c
E × B

B2
. (1)

@o3 K ′ X¥>^|ò¬C�

E′ = γ
(
E +

u

c
× B

)
= 0, (2)

B′ =
1
γ

B =
(

B2 − E2

B2

)1/2

· B, (3)

γ ´âÔ[C�Ïf. ù�C���, 3ë�X K ′

¥, >|� 0, ^|��Ñy
Cz, �^|���
ØC. ¤±�>âf¬3 K ′ ¥�µ4�±$Ä. 3
¢�¿ë�X K ¥, Ò�U\þ�IX K ′ ���
$Ä, ù��>âf�µ4�±$Ä¬�.�¤£
^¤£/ª, �Ý u K´��¥%�¤£�Ý.

�ã 1 ¤«.

� > â f � ¤ £ � Ý � � � u = cE
B , Ï

d |E| < |B| ´ / ¤ ¿ � ¤ £ 7 I � ^ �. Ó
�·��U3 (3) ª¥w� |E| < |B| ��¦.

 |E| > |B| ¿�X¤£�Ý�u1�, |E| > |B|
3Ônþ´�±¤á�, �´�Ý�u1�K´v
kÔn¿Â�.

XJ |E| > |B|, KAÀ^,�ë�X, 3ù
�ë�X¥, ��e>|, ^|� 0, âf��Ý
ØäO�, ¥yV�A��$Ä, ¿�¤£�
òØ�3. ù���¹¿Ø~�, ~X, éu 100

pd�^|5ù, >|�K�� 100 statvolt/cm,

= 3000 V/mm. 3·�a,����S, ù���
¹éJ��.

ã 1 ��|¥�>âf�¿�¤£

3 ¿�¤£�ØÓ�ª

ë�XC��ªJø
�«���B�å»
5©Û¿�¤£L§¥�>âf�$Ä. Ï��>
âf3 K ′ X¥�$Ä´µ4��±, �±�þ!
eü� ��Ý�Ó�������, XJU\
þ K ′ X�¤£�Ý u, @oÒ¬Ñy��ð½�
�Ý�, �
©Ûù��Ý�, ·�<�/3�>
âf$Ä;,þ½Âþ�:Úe�: (�ã 2).

ã 2 þ�:Úe�:�½Â

þ�:��Ý��, e�:��Ý��, XJ
b½e�:��Ý� v, @o3 K ′ X¥, éA �
�>âf��Ý� v − u, 2£�¢�¿X¥, U\
þ K ′ X�¤£�Ý u, ¬��þ!e�:��Ý
©O�

v − u − u = v − 2u,

v − u + u = v.
(4)

ù�Ò�±��þ�:Úe�:�mkXð
½��Ý� 2u. Ó�þ�:��Ý v − 2u ��5
?Ø, v − 2u > 0 Ú v − 2u < 0 ò¬´ØÓ�$Ä
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G¹. �
?Øù��$Ä, ·�¦^�� Particle

in Cell §S XOOPIC[9,10] 5?1�[�ä.

3 � . ¥ � > | 2×104 V/m, ^ | 100 G

(1 G=10−4 T), ¤£�Ý� 2×106 m/s, �>âf
ÀJ�>f, �e�:�Ý� 5.56×106 m/s, ��
ã 3 ¤«�>fã�.

ã 3 >f�£^¤£

ã 3 ¥��¹´ v − 2u > 0 �G�, >f�
±ªLþ�:, �Ñ£^/ª�¤£. �´XJ·
��e�:��Ý� 3.7×106 m/s, ù�TÐéA
X v − 2u < 0 ��¹, ã 4 �Ù���>fã�.

�±w�>f¿ØUªLþ�:, ¤£;,�Ø¬
´£^/ª�, ´ÅL�/ª�.

ã 4 >f�ÅL�¤£

�,�k�4à��¹, = v = u ��ÿ, ¤

£ò´�^��, Xã 5 ¤«. l¢�þù, ù´Å
L�¤£��«AÏ/ª. ��|�ÝÀJì¤�
â��´�>âf���/ª�¿�¤£.

Ïd, ¤£¿Øo´£^ª�, ¤£�/ª�
±��d>^|5(½, v Ú 2u �'�´¤£/ª
��ä�ª.

ã 5 >f���¤£

4 >^|é>l�Ç�K�

dc¡�?Ø�±wÑ, E/B �'�K�X¿
�¤£�/ª, Ó�, Ï�¿�¤£��Ýd E/B

û½, Ïd�3é�§Ýþû½
>f�Uþ.

3�4�¿��lfN\�ì¥, >f�¥5
âf�-EÌ�X�lfN��). >f�¥5
âf�-EVÇÓíØÚ-E�¡�', -E�
¡��d>fUþû½. >f�¥5âf�-E�
¡�Uþ�m�'XI�ÏL¢�5?1ÿ½, ù
�¡�ó�®²kC��V�{¤ [11−14]. éu
�í, >f��í�f-E�)��>l�-E�
¡3ØÓ�ª�¢�¥kXA��Ó�êâ [15].

ùp·�¦^
©z [15] ±9©z [16] �¢�(
J, ¦��¢�(J3ÿþ��þ´ØÓ�, �´
ÿþ���êâ�OØ�, Xã 6 ¤«.

d>fUþ�-E�¡�'Xã�±w�, >
f3 80—100 eV �m�, -E�¡����, 3�
4�¿��lfN\�ì¥, >fg�éJkùo
��Uþ, �´>^|�)�¤£�±¦>f±v

p��Ý$Ä, l��v
�Uþ. ù�, ^|
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�rÝØU��, ���^|rÝ¬¦�¤£�Ý
ü$, Uþ�'��Ý�²�, Ïdeü�¯.

ã 6 >fUþ��) Ar+ �-E�¡�'X [15,16]

Ï L ê � � [ · � u y X J > |
� 80000 V/m, ^| 200 G, @oXJ>f± 0.05 eV

�Uþ?\d«��, �ª�²þUþ´ 92 eV, 3
·�¤�¦���S.

�
�yù��íÿ, ·�¦^ XOOPIC ï
áê��., 3Ù¥\\ Monte Carlo -E>lÅ
n, �½íØ 0.005 Torr (1 Torr= 1.33322 × 102 Pa),

3 50 mm �ålþ�\ 4000 V �>Ø, ©O�
\ 200 G Ú 400 G �^|, *	 5000 ��mÚ�L
§¥, >l���lfêþ�é'. XOOPIC ¥é
�¦^��©-E�¡�©z [17] ¥�êâ, �d
·�é XOOPIC � Monte Carlo -EÅn¥ Ar í
N�-E�¡?1
?U.

�4�¿��lfN\�ìÏ~´��lf
5¦^�, Ïdéu(Jêâ, ·��	��Ý
Ì�´lf��Ç. dL 1 ¥�O�(J�±uy,

3þã^�e, 200 G ^|e�>l�Ç�²w`
u 400 G ^|��¹, ¿��ödu^|��, ¬
3�m¥�å�þ�í3>f, ù¬¦��m>³
�)J±���ÆC. Ïd·�@�, ül>l�
Ç��¡�Ä, éu�5ù, n����>^|�
'���� 4×106.

I�5¿�´, 3¢S��>C�¥, duÉ
���º����, ^|�ÀJ���Ä�£^�
»���º��'�. ,	ØÓ�íN, -E�¡

�>fUþ�'X´ØÓ�, ¤±ØÓ�íNAT
?1ØÓ�?Ø.

L 1 O�(J�é'

^|rÝ/G >fêþ (O��m3�) lfêþ

200 4.44×108 4.15×108

400 8.53×108 2.44×108

5 ( Ø

±âÔ[C��Ñu:é��|¥>f�$
Ä?1©Û, éN´B��
>f¬?1¤£�(
Ø. ¿�uy¤£¿Ø´[��3�, �>|�r
Ý��±�u¤£�Ý�u1��, ¤£´Ø�3
�, ����´V�$Ä.

3����¹e, >f�¤£�¿Øo´{ü
�£^ª¤£, �â>^|^�±9>fUþ�Ø
Ó, �¬ÑyÅL�ª�¤£, $�¬Ñy��ª
�¤£.

>^|û½�¤£�Ýé�§Ý�K�X>
f�Uþ, d>fUþû½�-E�¡qû½X
-EVÇ, Ïdéu�5ù, XJ·�U¦>f�
²þUþ3 80—100 eV �m, ÒU�����>
l�Ç. ¤±·�@�éu�4�¿��lfN\
�ì5ù, >^|AT�3X�Z���. ÏLê
��[, ·�uy, �>^|�'�3 4×106 �m
�, >f�²þUþ� 92 eV, d��>l�Ç²w
`uÙ¦�>^|��. �´�©�êâ==´�
é�, XJ´Ù¦«a�ó�íN, @oÒ��â
Ù�A�>l-E�¡êâ,�?Ø.

�´I�?Ø�´, 3¢S��>¥, �lf
N¥�>|¿Ø´þ!�, �k3}�¥âU�
3 104 þ?�>|. éu�4�¿��lfN\�
ì5ù, Ù>l«��>|�´3·�¤?Ø�þ
?þ. Ïd�©�?ØéÙ^|�ÀJäk�½�
��¿Â.
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The influence of Hall drift to the ionization efficiency
of anode layer Hall plasma accelerator∗
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Abstract

The Hall drift of electrons in anode layer plasma accelerator is analyzed based on Lorentz transformation. It is shown that Hall

drift does not exist always in the cross-field. If the ratio of E to B is lager than light speed, Hall drift will disappear. The further

analysis shows that the Hall drift is not always in the form of gyration. It is also in the forms of wave and straight line, depending

on electric-magnetic field configuration and initial energy of electrons. The electric-magnetic configuration determines the speed of

drift, and then affects electron energy. This can determine the ionization efficiency in discharge. A numerical simulation using the

Particle-in-Cell method is performed. The result indicates that a nice ratio of E and B will produce high ionization efficiency (for

argon, this value is about 4×106). This value will change with working gas according to the ionization cross section determined by

electron energy.
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