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�©nØO�
õ¸lf[^N, æ^�N-E�. (binary collision) ?n>f�m�¥Õ-E, æ^�-
E (null-collision) �{?n>f�����'âf, mu
�n� PIC-MCC �[�{, ¿|^T�{�[
õ¸l
f¥>f�ÈL§, ©Û
õ¸^|é>f��mÚUþ©ÙK�, (Jw«: >f��þ!©ÙåupU>
f3ÚÑ«� B ×∇B ¤£.

'�c: K�lf, õ¸^|, >fUþ©Ù¼ê (EEDF)

PACS: 52.65.Pp , 52.50.Dg

1 Ú ó

8c, Äu�¥ ITER Oy, �þ'u¥5å5
\ (NBI) �lfN9ØïÄ�3�I?1¥. du
K�lf�¥5z�Çp, Ï�ÉIS	9Øï
Äö��à (X Camembert III, JAERI 10 A)[1−7]. K
�lf�>L§åu>f�È, �ÈL§�)
>f��m©ÙÚUþ©Ùü�¡. ��¡, du
K�lf´d>f��©f-E5, Ï>f�
�m©ÙòK�K�lf�m©ÙA5, XJK�
lf�m©ÙØþ!, ò¬K�lfå1Æ�A,

lUC�lfN\9´»,  lýÏ8I. Ïd,

©Û>f��m©Ù�©7�; ,��¡, K�l
f��)�)NÈ�)ÚL¡�)L§, Ù¥, N
È�)L§Xe [8]:

H2(v′′ = 0) + ef(Tfe > 20eV)

→ H2(v′′) + e′f , (1)

H2(v′′ > 5) + es(T e ∼ 1eV) → H− + H, (2)

Ù¥, ef ´Ð?¯>f, e′f ´g?¯>f, es ´ú
>f, Tfe ´Ð?¯>f�§Ý, T e ´ú>f�§

Ý. ef éuJpKlf��)ÇåX��^, =
ÏL�A (1) �)pßÝ� H2(v′′), 2ÏL�A (2)

JpKlf�)Ç. Ïd, �JpK�lf��)
Ç7L©Û>f�Uþ©Ù�¹.

Äu±þü�¡�Ï, �©æ^gÌmu��
n� PIC-MCC ^�, é JAERI 10 A lf�>L
§¥�>f�ÈÔn�µ?1ê��[ïÄ,�l
fmuC½nØÄ:.

2 PIC-MCC 6§

3K�lf��[L§¥, K�âf$Ä
G��Ï��): âf�m�-EÚ>^|éÙ
�âÔ[åíÄ�^. �L5�>âf�$Ä�
¬K�>^|. 3�[�mÚ�����¹eU
òüö©O?n. �ud, �©æ^�mÚ?��
{, 3���mÚ� ∆t S, $^ Boris–Buneman[1]

�a���{, |^��k��© (FDTD) �{¦
)�>âf�>^|�m�p�^, |^�Ak
Û�{?nâf�-E, o�?n6§ãXã 1

¤« [9,10].
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ã 1 PIC-MCC �.6§ã

3 -E�>.?n�{

>f�Ù¦âf-EäN?n�{: ÄkO
� Pi , '� Pi �þ!�Åê���5û½´Äu
)-E, -Eu)�, �â��Aa.�©VÇ�
� Pj �,��þ!�Åê���'X, ±û½u
)Û«a.��A, �â��Aa.�-EÄåÆ
nØ?n-E�âf��ÝCz, ±9Îâf��
��#âf��).

>f�m�¥Õ-EÄå?n�{: Äk, �
Å/À�âfé, ¿O�Ù�é�Ý u = vi−vj ; ,
�, O��%XeÑ�� χ ÚÑ��� � Φ, tan

χ

2

�Ìpd©Ù�Ï"�� 0, � ��
n ee

4 lnΛ∆t

8πε2
0m eu3

,

Φ = 2πR � R� [0, 1] �m�þ!�Åê; Ùg, �
âÑ��O��é�Ý�Czþ; ��, O�z�
âf-E���Ý,

Vsh = (kT e/2e) ln[(1/2π) · (mion/m e)], (3)

Ù¥ Vsh ��lfN³, mion �lf�þ, m e �
>f�þ, kT e �>fUþ. �>f�>>.��
â (3) O�>.³^ [9], e>fUþ�u Vsh Ku
�, �uK�v.

4 [^NO�

Xã 2 ¤«�Ý/[^N, Ù÷ Z ��þ!^
z, X,Y, Z n������� a, b, h, dS�©f
�6�, [^N	Ü�m,:�^|dSÜ¤k©
f>6�), ,	, duþ!^z, ÙSÜ©f>6
p�-�, Ïd, �I¦)L¡>6�)�^|. é
u�´ ABCDA, eo>6� I , K�²1u XOY

�?�²¡�¡>6�Ý� J = I/h. éu[^N
S,: (x0, y0, z0), ?Ø z0 → z0 + dz0 ��S�

©f>63	Ü?¿: P (x, y, z) �)�^|, Ù
¥, � A′B′C ′D′ �>6rÝ� J dz0, �)�^|
� dB, Ko|�

B = Bxi + Byj + Bzk

=
∫ h

0

(dBxi + dByj + dBzk), (4)

Ù¥, dBx, dBy, dBz ©O�� A′B′C ′D′ �)
� X,Y, Z n����^|©þ. ò� A′B′C ′D′

 ¤ � � > 6 A′B′, B′C ′, C ′D′ Ú D′A′, $ ^
. c – i x � ½ Æ © O é d o^� � > 6 È
©¿¦Ú, 2�\ (4) ª=��^N	?¿:�
^|.

ã 2 ü�^N�.

5 ê��[

5.1 ���...£££ããã999ëëëêêê������

ã 3 ´ l f  � [ � . � ( �ã, [ ^N
Xã¤«��, Ù¥ XZ ²¡^|Xã 4 ¤«,

−120 mm < X < 120 mm, −240mm < Y <

240 mm, 0 mm < Z < 203 mm, z � 10−8 s

l X = 0, Y = 0, Z = 100 mm ?u� 100 �
÷ â f, Ð © U þ� 60 eV. PIC ¥ � m Ú � �
� 10−10 s, >f�¥5âfm-E±9>f�
m�¥Õ-E�mÚ�Ñ�� 10−8 s. �©f�§
Ý�� 300 K, H+

2 ê�Ý� 1.0× 108 mm−3, H+
3 ê

�Ý� 5.0 × 108 mm−3, ��f��í©fâfê
�'� 10:1[9], >f�þã�âf�m��Aa.
XL 1 ¤«.

155205-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 155205

ã 3 JAERI 10 A lf�[�.(�ã

ã 4 XZ ²¡^N��ã

L 1 �[¤�Ä��Aa.

Index �Aa. �Ac �A�

1 -u e+H(1s) e+H∗(2p)

2 >l e1+ H(1s) e1+e2+H+

3 �Ä-u e+H2(v = 0) e+H2(v = 1)

4 >f-u e+H2(X1Σ+
g ) e+ H∗

2(B1Σ+
u 2pΣ)

5 >f-u e+ H2(X1Σ+
g ) e+H∗

2(b3Σ+
u )

e+ H∗
2(a3Σ+

g )

e+ H∗
2(c3Π+

u )

6 l) e+ H2(X1Σ+
g ) e+H(1s) +H∗(2s)

7 >l e+ H2(X1Σ+
g ) e+H2(v)++e

8 l)EÜ e+ H+
2 (0 6 v 6 9) H(1s) + H∗(n > 2)

9 l)EÜ e+ H+
3 H+H+H

10 �5 e+ H2 e+ H2

5.2 ���[[[(((JJJ���©©©ÛÛÛ

ã 5 ¤«�>f��müz, lã 5 ��,

4 × 10−5 ns ��[���, �>f�ê�Ý
� 6×1017 m−3. ã 6� Y = 0 ²¡^|©Ùã, d
ã 6 ��, >f3ÚÑ«�3 B × ∇B ¤£, T¤
£��R��¡�	 (= −Y ��).

ã 5 >fê�Ý��müzã

ã 6 XZ ²¡^|¥þã

On� (=���mn��Ý) �[¥Ã{Ó
��� XZ Ú Y Z ²¡©Ù, �U*	Ù�, Ïd,

Q�©Û XZ ²¡�õ¸G^|é>f�K�, q
�íä^¤£���, 7Iæ^�n� (=n��
mn��Ý) ê��[. �©´3n� CHIPIC ^
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�²�e, mu��n� PIC-MCC �{, �§S$
1� 5 × 10−5 ns �, ��lf¥>f�©Ù�
¹. ã 7 w«
 XZ ²¡>f©Ù, dã 7 ��>
f�$Ä;,ÎÜã 6 ¤«�^|©Ù5Æ, ¥y

>�õ¸�G, å��å>f�J.ã 8�>f
3 Y Z ²¡�©Ù, lã 8 ��>f¥y
 −Y ¤
£, �ÚÑ«�¤£�âÑ, L²
õ¸^|�©
Ùû½
>f©Ùî��þ!5.

ã 7 >f3 XZ ²¡©Ùã

ã 8 >f3 Y Z ²¡©Ùã

ã 9 �� � � [ � m > f � U þ © Ù, d
ã 9 � > f ¥ V§�, © O� 19.42 eV(¢ �)

Ú 3.05 eV(J�). ã 10 ��>«ÚÚÑ«�>
fUþ©Ù, Ù¥J�L«�>«, ¢��ÚÑ«.

é'ã 9 ��ã 10 ¥, ü�«�S>fÑ¥V
�, �Ñ¥y
pU�.

ã 9 ���[�m>fUþ8�z©Ù

ã 10 ÚÑÚ�>«>fUþ8�z©Ù

ã 11 Y ��>fUþ8�z©Ù

ã 11 ¥, ��ãY|¤�ã/� Y = 210—

220 mm « � > f � U þ 8 � z © Ù, n � /
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� Y = −220—−210 mm «�Uþ©Ù. dã 11

�, > f 3 −Y « � > f � õ, AO ´ p U >
f ¤ £ w Í. ã 12 ¥, n � /ãY | ¤ �ã/
� Z = 150—160 mm «�S>fUþ©Ù, ��

ã 12 Z ��>fUþ©Ù

� Y = 10—20 mm «�Uþ©Ù. lã 12 ��,

Z = 150—160 mm «�pU>f�õu Y = 10—

20 mm «�. du>f�£^�» R =
mv

qB
, Ï~

�>«��^|��A�pd (Gs, 1 Gs = 1004 T),

éu 60 eV �>fó, Ù£^�»��k 20 mm,

Ïd>f�´�^|�å, ,, 3ÚÑ« X ��
���^N�� (Xã 4 ¤«), = X ��^|��
�FÝCz� (Xã 6 ¤«), Ïd, B ×∇B ¤£�
�, pU>f�£^�»�é��, É� B ×∇B

K�� −Y ��[£.

nþ��, >f��m�þ!åupUâf
� B ×∇B ¤£.

6 ( Ø

�©�ã
� 3� PIC-MCC �[�{Ú-E
?n�{, nØí�
Ý/[^N�^|úª, é
�.lf?1ê��[, ¿(Ü>f�UþÚ�
m©Ù©Û
õ¸^|/�é>f$Ä�K�,�
lf��OJø
���â.
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Abstract

In this paper, we calculate permanent magnet theoretically for a multicusp ion source Coulomb collision between electrons is

treated with the “binary collision” model and collisions between the electrons and hydrogen species are treated with the “null-collision”

method. A 3D PIC-MCC simulation algorithm is developed, and based on this algorithm the electron deposition process in multicusp

ion source is simulated, and the multicusp magnetic field effects on the electron energy distribution and spatial distribution are analyzed.

The results show that the spatial non-uniformity of electron distribution comes from high energy electron B × ∇B drift in the filter

field.
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