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=>f���f (e, 2e)-E>lL§, O�(J�

¢�ÿþ�n­�©�¡�ýé���ÎÜ. �´,

éuÙ¦q�f (lf, ©f) � (e,2e)�A
ó, 8

c�ØU°(¦), �Uæ��«Cq.

¢�����þ�êâ, �kå/íÄ
C
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¥ Õ ³ î � ¦ ) � BBK � { [2] �, � 2 � A

^u�fÔnÆ�ØÓ¯K, Ù¥ BBK �{3

? n � � f Ú ± � f � ¡ ´ ú @ � � Z � .,
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n�Õá�üN¥ÕfXÚ��
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n�

ü N ¥ Õ � p � ^ * d m � Ä å Æ ¶ - (DS),

?���Å¼ê¡� DS3CÅ¼ê.

2007c, Deharak� [8,9] l¢�ÚnØþ�Ñ


>f>l±�f (e,2e)�A¥n­�©�¡�6
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Æ, TAÛ^��A:´�ÝCzé�, Äþ=£

é�. ù«¢��ÿþ�ª� Ehrhardt[10,11] AÛ^

�3¢�þ�½ E1, E2, θa(Ï~´AÝ, Äþ=£

é�), ÿþn­�©Ñ��¡ (TDCS) � θb �C

zk¤ØÓ. du¢�^�ÚÃã���, @Ï�

¢�éJ�¤ÿþó�, Ïd, @Ï���ÚïÄ

Ñé�, &?�«nØ�.3ù«AÛ^�e�k

�5Òw�c�7�.

Ï d, �©| ^ BBK � . 9 ? � � Y,

é > f \ � > l ± � f (e,2e) � A L § ¥ �

¡ � 6 Ä þ = £ ^ � e � n ­�© Ñ � �

¡ (TDCS) ?1
nØO�, rO�(J�¢�

ÿþ(J?1'�, ¿XÚ/©Û
�¡(�,

� [ / ï Ä 
 " Ï � ¶ - � A é n ­�© �

¡ (TDCS)¤�)�K�9Ôn��.

2 nØO�

3ùÜ©, ò�[/0�·��nØí�.

b�\�>f�Äþ� k0, � He �f-E�

Ñ�>fÚvÑ>f�Äþ©O� k1 Ú k2. @o

3�fü ¥ù� (e,2e)L§� TDCS�

TDCS(k1,k2) = (2π)4
k1k2

k0
|Tfi|

2 , (1)

Ù¥, Tfi�=�Ý
�, �½Â�

Tfi =
〈

ψ−

f |Vi|φi

〉

, (2)

ª¥, ψ−

f Ú φi ©O´ He �f�\�>f|¤�

XÚ"�ÚÐ��Å¼ê, Vi �\�>fÚ He �

fq3ÐÏ���p�^³, =

Vi = −
2

r1
+

1

|r1 − r2|
+

1

|r1 − r3|
, (3)

ª¥, r1,r2 Ú r3 ©O�\�>f (Ñ�>f)!v

Ñ>fÚåP>f� �¥þ. �Ä�Ã4z^�

eü�Ñ�>f����A, �A� TDCS�

TDCS(k1,k2)

=(2π)4
k1k2

k0

∣

∣

∣

3

4
|f(k1,k2) − f(k2,k1)|

2

+
1

4
|f(k1,k2) + f(k2,k1)|

2
∣

∣

∣
, (4)

ª¥, f(k1,k2) Ú f(k2,k1) ©O���Ñ��Ì

Ú��Ñ��Ì, Ù¥��Ñ��ÌÒ´=�Ý


�

f(k1,k2) = Tfi =
〈

ψ−

f |Vi|φi

〉

. (5)

XÚ�Ð�Å¼ê���\�>fÅ¼ê�Ä

� He �fÅ¼ê�¦È, =

φi(r1, r2, r3) = (2π)−
3

2 e ik0·r1ϕ(r2, r3), (6)

ª¥, ϕ(r2, r3)� He �fÄ�Å¼ê, §���ü

åP>fÅ¼ê�¦È, =

ϕ(r2, r3) = ϕ(r2)ϕ(r3), (7)

�§ (7) ¥, åP>fÅ¼ê�æ^ Hartree-Fock[

Ü), =

ϕ(r) =

√

1

4π
(ga e−λar + gb e−λbr), (8)

Ù¥, λa = 1.41, λb = 2.61, ga = 2.60505, gb =

2.08114.

"�dü�Ñ�>f��{ He+ |¤, ÙÅ¼

ê�L«�

ψ−

f (r1, r2, r3) = φf (r1, r2)φion(r3). (9)

He+ Å¼ê���a�lfÅ¼ê (Z = 2)

φion(r3) =

√

8

π
e−2r3 , (10)

ü � Ñ � > f Å ¼ ê φf (r1, r2) d BBK Å ¼

ê�Ñ

φf (r1, r2) = M e ik1·r1 e ik2·r2χ(r1, r2), (11)

ª¥, ~þ M �

M =
1

(2π)3
exp

[

−
π

2
(α1 + α2 + α12)

]

Γ (1 − iα1)

× Γ (1 − iα2)Γ (1 − iα12), (12)

χ(r1, r2)

=

2
∏

j=1

1F1[iαj ; 1 : −i(kjrj + kj · rj)]

× 1F1[iα12; 1;−i(k12r12 + k12 · r12)], (13)

1F1 �Ü6�AÛ¼ê, αj(j = 1, 2, 12) ¡�¢"

�ëþ, §�L�:

α1 = −
Z

k1
, α2 = −

Z

k2
, α12 =

1

2k12
, (14)

Ù ¥, k12 = 1
2(k1 − k2); d þ ã αj(j =

1, 2, 12) � � � " � Å ¼ ê ¡� 3C ¼ ê [2].

3C Å ¼ ê ¥ � n � ¥ Õ ¼ ê ´ * d Õ á �,

§¦�?Ûüâf�m��p�^¿ØÏ�1

n�âf��3
É�K�.

©z [4] ¥3 Berakdaró��Ä:þ, lÄþ

�'��Ý\Ã¤�Ñ�?¿AÛ^�e�¢"
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�ëþ�

β1 = −

Z −
2k12k

2
1

(k1 + k2)3

[3 + cos2[4ξ(k2)]

4

]2

k1
,

(15)

β2 = −
Z −

2k12k2

2

(k1+k2)3

[3 + cos2[4ξ(k1)]

4

]2

k2
, (16)

β12 =
1

2k12

{

1 −
4k2

12

(k1 + k2)3

[

k1

[3 + cos2[4ξ(k2)]

4

]

+ k2

[3 + cos2[4ξ(k1)]

4

]]2
}

, (17)

Ù¥

ξ(ki) = cos−1
[ ki
√

k2
1 + k2

2

]

. (18)

d þ ã βi(i = 1, 2, 12) � � � " � Å ¼ ê ¡

� DS3C¼ê.

3 (J�?Ø

e¡·�©O^ 3C Ú DS3C�.3�¡^

�eéþãAÏAÛ^�e He �f�n­�

©Ñ��¡?1
nØO�, O�(J�A�

IP� 3C, DS3C.¢�(J [8,9] ÚnØO�­

�Xã 1(a)—(f) ¤« (�
Qã�B, ±e·�

^ i,a, b©OIP\�, Ñ�ÚvÑ>f) du De-

Harak�< [8,9] 3�¡AÛ^�e Ei = 150 eV,

Ei = 488 eV,Eb = 34.5 eV, θb = 75◦, 90◦, −105◦

é TDCS ?1�´�éÿþ, ¤±ã 1(a)–(c)¥

nØO�¤�� TDCS (J±¢�êâ [8,9] �

3Ñ�� θa = −18◦ ?�IO�
8�z?n,

ã 1(d)—(f) ¥3Ñ�� θa = −8◦ ?�IO�
8

�z?n.

3.1 ���...���'''���ÚÚÚ���¡¡¡AAA���

3.1.1 ­��É9�Ï

Xã 1(a)—(c)¤«, Äk, l¸��épÝþ

w, O�­�Ú¢�êâ3TAÛ^�e¤��

� TDCS � θa �Cz­�Eþ¥V¸(�, d

u ±θb �­�Ú¢�êâ'u θa = 0◦ �mé¡,

Ïd θb = 105◦ �dé¡'X�Ñ. �
Bu�

e5�?Ø, ·�rÑ�� θb > 0◦ �, uÑ�

� θa < 00 �¸��Ì¸, 
3 θa > 0◦ ¤/¤�

¸¡��g¸. �±w�, Ì¸�p
°, ÌÝ�

X θb �O\
ÅÚ~�; g¸�$��°, ÌÝ�

X θa �O\
ÅÚO�. ã 1(a)—(c)¥, 3Ì¸?,

3C �Ñ
��Ð�Ì¸(�, �¸��u¢�ê

â, DS3C­��Ñ
�r�Ì¸, �¢�êâÎÜ

��Ð. 3g¸?, ü«O�(J¤�¸��3²

w��É, ù«�É�XvÑ>fÑ��O�
O

�, �±w�, 3C­�¸�ÌÝÑ$, DS3C�é�

p, � BBK nØ�ü«O�(J3ã 1(c) ¥�Ñ

�g¸þ�u¢�êâ. Ó��X θb �O\, nØ

(JÚ¢�êâ�Ìg¸�'Ç3Åì~�. ·�

��±w� DS3C­��X θa �O\, =Äþ=£

�O\, 3g¸??��J�5�Ø²w,  l¢

�(J, � 3C ­���É��5��. ã 1(d)—(f)

¥�­�¸ÌÝ�'XÄ�� (a)—(c)��, �Ø

L3ã 1(d)—(f) ¥ü­��m��É�5��,·

�cÙ5¿�ã 1(d)3 θa = 0◦ �)
��kb�

4�, TDCS�¡�Cu 0 �Ø� 0.

Ùg, lV¸�©Ùþw, ¢�:�Ñ
�

�ß�Ì¸, 
g¸=¥yÑ$
°�ØëY�

/G, ¤±Òg¸5`�J�äÙO( �. l

ã 1(a)–(c)¥nØ(J¤�­�5w, 3C, DS3C¤

�Ñ�Ì¸Úg¸� �Ä��Ó. � θb = 75◦,

90◦, 105◦ �, Ì¸©OÑy3 θa = −18◦, −16◦,

−14◦ Ú θa = −21◦, −18◦, −15◦ ?. ü ö �

� θa = 3◦, 2◦, 1◦. dd��, �X θb �O�,

V¸ ��É�5��, Ó�nØ(JÚ¢�ê

â¤¥y�Ì¸�g¸ �þ� θa = 0◦ ?� ,

¥yÑér�5Æ5.

n*�ã, DS3C­�3ù«AÏ�AÛ^�

e�²w�Uõ
 BBK ­��¢�êâ�ÎÜ§

Ý, é¢�êâ�Ñ
�°(�£ã. `² DS3C

Å¼ê¥¢"�ëþ�?�´¤õ�, ù«?��

N
"�Å¼ê¥�Äþ�'. l��þ5`, ?

����� DS3C£ã
du1n�âf��3


éüN¥ÕÅ¼ê�)�K�, l
L«
n�

üN¥Õ�p�^*dm�ÄåÆ¶-.

3.1.2 n­�©�¡(�A�

�
éTAÛ^�en­�©�¡(�A�

�ïÄ,·�l Ehrhardtÿþ�ª [10] ^�e¸�

)Ån9�n��é«: Ø��ÀÄþ���, �

�K��¸� �9ÙCz5Æ. 3ù«AÏ^�

e´Ä�ÎXdQ?�
l��þ�«¸ �Cz

�5Æ5, k7�éÄþ=£9Ø��ÀÄþ?1
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�\&?.·���, q�Äþ=£�

q=k0 − k1, (19)

Ù�éu\�>f���Y�� θa, Kq�Äþ=

£���

q=

√

k2
0 + k2

1 − 2k0k1 cos θa. (20)

3 (e,2e)�A¥Ø��ÀÄþ� kion, dÄþÅð

��

kion = k0 − k1 − k2 = q − k2, (21)

�±�� kion � θb �'Xª

kion =
√

q2 + k2
2 − 2qk2 cos θ′, (22)

θ′ = θb − arcsin
(

k1 sin θa/q
)

. (23)
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ã 1 (a)—(c)©O� Ei Ú Eb �½3 150 eVÚ34.5 eV�, θb = 75◦, 90◦, −105◦ � TDCS � θa Cz�­�; (d)—(f) ©O

� Ei Ú Eb �½3 488 eVÚ34.5 eV�, θb = 75
◦, 90◦, −105

◦ � TDCS� θa Cz�­�

d (20) ª � ± w Ñ, � c Ï EhrhardtA Û ^ �

e [10] ÏL�½ θa, l
�½
XÚÄþ=£ÿ

þ TDCS� θb �CzØÓ, �©¥ÏL�½ θb, ÿ

þ TDCS � θa �Cz, ÏdXÚÄþ=£9n­

�©Ñ��¡´� θa ¢�Cz�, ã 2(a)—(c)¥

�Ñ
Äþ=£ q ÚØ��ÀÄþ kion � θa C

z�'X­�. (Üã 1 ��, ¢��nØêâ¤

wy�V¸(�Ñy3 θa ?u ±34◦ �S. =Ó�
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�m�8©��. Äþ=£ q 'u θa = 0◦ é¡,

�Ñ�� θa 3 0◦ � −34◦ Ý�mCz�, éu\

�U 150 eV,XÚÄþ=£ q = 0.8 → 1.7 a.u. C

z
C 2 �, éu\�U 488 eV�, XÚÄþ=

£ q = 0.38 → 3.41 a.u. Cz
C 10 �, ù«�

�Äþ=£=¦3�¡é¡AÛ^�= Amaldi

AÛ^� (�3X��Uþ��Ú��Äþ=

£) e Ñ é � �, �
 � � � � � A þ ã ' X,

·�3ã 2(d) ¥�Ñ
ã 1(e) ¤«AÛ^�e

n­�©�¡�XÚÄþ=£�'X. �±w�,

TDCS ��Ý θa �Cz�¢�Ò´�Äþ=£

�Cz. n­�©�¡�XÚ�Äþ=£��é

A, �3î­��6'X. ù«�65¦�T^

�e��¡�± �¹²wØÓ, n­�©�¡

3 q = −0.8 a.u, 0.42 a.u.�wyü�¸�, 
�¡

kb�4�Ñy3 q = 0.38 a.u.?.
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ã 2 (a)—(c)Äþ=£ q ÚØ��ÀÄþ kion � θa Cz�'X­�; (d) n­�©�¡�Äþ=£ q �Cz­�

d	, 3 � « θb e, kion 3 T « � S � θa

� C z ­ � þ Ñ y � � � ( �. ã 2(b) ¥,

� θb = 75◦, 90◦, 105◦ � kion ��� ��g

Ñy3 θb = −25◦, −22◦, −19◦, 
¢�êâ�Ñ

�� θb = −20◦, −18◦, −16◦, kion ���¤3 �

�ã 1 ¥Ì¸� ��éA. c[*	·�uy,

ã 1 ¥3�« θb ���e kion �¸ �Ú¢�ê

â ��'Xu) l, ù« l�X θb �O�


~�. ²L©Û�·�@�, ��¡�U´vÑ

>f�Ñ�>f�m�ü½�^íÄ
Ùu) 

l, "Ï�¥¶-�AåX­��^; ,��¡, d

u\�U�$, ÐÏ�q�fé\�>f±9"Ï

��ÀlfévÑ>f¤E¤�Û­�Aòr¦

Ù �u) l. d	, du\�Uþ�$, üÑ

�>f�m�'é�A��²w, ù«'ék�U

r¦Ù �u)��� l, ùk�u?�ÚXÚ

�ïÄ. ��, kion 3�A� θa ?Ñy����¿

Ø�", =¸�/¤L§¥¿Ø��´>f�m�

-E, Ø�ë�Ù¥. �X θb �O�, Ø¤¼��

�ÀÄþ kion ����¥O\ª³, =3/¤¸

�-EL§¥, Ø¤Ó�'­�5��, l
��

¸� �u) l. ù�:éÐn), Ï�·�Q

3 EhrhardtAÛ^�e©ÛLXÚSÜ�K��

©Ù�A�, 
�©¥duÿþ�ª�UC��¢

�êâ9 TDCS(�u)
Cz, �ùÑ�´u)

3�¤-EL§��. �é{`, u)-E�L§
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Abstract

The momentum transfer dependence of the cross section for electron impact ionization of helium for (e,2e) process is investigated

by use of BBK model and modified BBK model. The results of the present work are compared with experimental data. The structure

of the cross section is analysed, and the effective shield isdiscussed in detail in the final state.
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