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|^ BBK nØ9Ù?��., O�
\�U 64.6 eV!ØÓl��¹e, >f-E>l±�f (e, 2e) �A�n
�©Ñ��¡. ©Û
�(�, éÙSÜ-EÅ�?1
�[�ïÄÚ&?. (JL²: 3��¡AÛ^�e,
-E�©�¡þ¤¥yÑ5�A�´dõ«�A�Ó�^¤û½�, �X^��ØÓ�p=z. �3R�\�A
Û^�e, "Ï��3X4r�ÄåÆ¶-.

'�c: BBK �., n�©�¡, ��¡AÛ^�

PACS: 34.80.Dp, 34.50.Fa

1 Ú ó

(e, 2e)[1−16] >f-E>l�A´�f�©f
ÔnÆÑ�+������|¤Ü©, duÙ3
�íÔn!íN�>C�!-1ÄåÆ�[!�
lfN�Æ!ØàC�Nõ+�kX�~��
A^d�, ÏdÚå
�5�õÔnÆó�öïÄ
�,�. U 1969 cé�¡Øé¡AÛ^�e He �
f (e, 2e) �A�¡mM5�ÿþ��, C��
V±5, >f-E>l (e, 2e) �A3-EÄåÆ9
$ÄÆ�¡�ïÄ��
�?Ð. ¢��¡, �
�X1n�>fÄþÌ¤!�Aw�¤�Ì¤�
ï�¤õ, �
4àAÛ^�e�êâ�¢�¤ÿ
þ, ¦<�é (e, 2e) �AL§¥�*Ån�ïÄ
k
�#�@£. nØ�¡, `D��.�Cq�
{�ÑØ¡, X÷vÑ�ìC>.^��)ÛnN
ëY¥ÕÅ� BBK nØ [1]!ÛÅ�?�?À
�Cq (DWBA)[11]!Äu��6Cq�nN¥Õ
NXê�)��ÍÜnØ (CCC)[14]!��ÍÜn
Ø (TDCC) ±9CÏuÐ�°(£ãq��õ|

� (MCHF) �{ [10] �é¢�(J�y�Ñ�Ñ

�¤õ�£ã, �<�[�/&¢Ð"Ï�¥�p
�^�ÄåÆ¯KJø
B|�^�.

õc5, ¢�ÚnØ�ïÄ���u¤¢��
¡AÛ^�, =\�>f3vÑ>fÚÑ�>f¤
û½�²¡S. �´, ü��AÛÆSü¿ØU�
L3��mSénØ�u�, �X Schulz � [8] 3
5Nature6,�þÄg�«Ñ�²¡	�k���
r�>fÑ��¡��, 3��¡AÛ^�e�ÿ
þêâ�wyÑ
Ó��¯K [3]. �
DÚ��
{��Ã{)ºù
(J, ùÃ¦�nØó�öJ
Ñ
î��]Ô. Ïd, 3��¡AÛ^�e�ï
Ä�5�É�<��À, �þ¢�êâ�#�¤
ì#ÿþ [12], nØ�.�3Øä/?�Úí2.
U 1999 c Rescigno �35Science6,� [4] þ\
Ù�{)û
þfõN-ENX¥�Ä�!�{
ü���f (e, 2e) �A�ÄåÆL§��, CÏ,
Bray � [14] 3'� Murray ��¢�êâ�\¡, ±
�f�ü>lÄåÆ¯K®�Âñ�ÍÜ (CCC)
nØ�{/)û, ¿@�3��¡^�e�3�Ü
©5Æ5�ØÎ´du@Ï¢�ÿþØO(¤E

* I[g,�ÆÄ7 (1OÒ: 10847007, 10876028, 10964010)!p�Æ�Æ¬Æ�:;��ïÄ7 (1OÒ: 20070736001)!=²lf\
�ìI[¢�¿�fØnØ¥%Ä7ÚÜ����Æ�EM#ó§ (1OÒ: NWNU-KJCXGC-03-21) ]Ï��K.

† E-mail: dongcz@nwnu.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

143401-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 143401

¤�. Ren � [16] ���é5�¢�L²3��Ý
Ñ� (��Ñ�) ^�e, CCC ��3X²w�
ØÎ. Ù¢�´Sü3�¡Uþé¡AÛ^�e?
1�, �3X�
"�. ��¡, Ã{O(«©Ñ�
>fÚvÑ>f; ,��¡, Ù¥�U�3X�þ
��ÝÑ�¯��Z6, ¦�ý����Ñ��©
�¡A��ùX. �ù�Ã¦�nØ�.JÑ
¯
õ�¦. Ïd, ��ynØ��{�Ä, 3��¡A
ÛÆSü�ÿþ�ïÄÒw�c�½�.

���«¤õ�nN¥ÕÅnØ, 3 (e, 2e) �
AïÄ+���[ú@��Z�.��� BBK �
. [1,2], duÙé{ü��±�f�?nkX²w
�`�5, gJÑ�©ÒÚå
<�2��'5,
A�c53²É�¡AÛ^�e¢�êâ���
Ó�, nØþ�?�ó���\¤ÙÚ�õ. du
Ù�±O(/ýón±9��©Ñ��¡��
�S�$Äëê (Uþ!Äþ (¥þ)), Ïd, y3
�,��=\E,���¡AÛ^�e. 3c��
ã, ·�3��¡�l�\�AÛ^�e, ^ 3C �
.Ú DS3C �.é>f\�ü>l±�f� (e, 2e)
�A?1
ÐÚ�O�¿?1
Ü©?�ó� [17].
uy, � 3C �.�', DS3C �.�¢�êâ�
\ÎÜ, cÙ´3$U!>fR�\�AÛ^�
e DS3C �.�¢�êâÎÜ§Ý�\²w, Ó�
·�ÏL?�¢"�ëþ, k�/?n��¡AÛ
^�e$\�Uþ-E¯K. �â·�¤�, �8
c��, ÿ�k3TAÛ^�eé�¡(�9-E
Å�?1XÚ©Û�ïÄ��, ��?�Ú�?Ø.

Ïd, �©^ 3C �.Ú DS3C �.é\�
U 64.6 eV, 3ØÓ\�l�e, >f\�lz±�
f�n�©Ñ��¡ (TDCS) ?1
O�, ©Û

�¡A�, ¿é�¡�(�ÚSÜ-EÅ�?1

�\�©ÛÚ&?.

2 nØO�

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, K�A� TDCS �

TDCS (k1,k2) = (2π)4
k1k2

k0

∣∣∣∣34 |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 � �
ÌÚ��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 eik0·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

(gae−λar + gbe−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) = Meik1·r1eik2·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)
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χ(r1, r2) =
2∏

j=11

F1[iαj ; 1 : −i(kjrj + kj · rj)]1

F1[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) ; dþã αj (j = 1, 2, 12) �

��"�Å¼ê¡� 3C ¼ê½ BBK Å¼ê, þã
�.¡� 3C �.½ BBK �..

Zhang[2] � DS3C �.´3 Berakdar ó��Ä
:þ, lÄþ�'��Ý\Ã��¿?U
?¿A
Û^�e�¢"�ëþ. ëþ�L�ª�

β1 = −
Z − 2k12k

2
1

(k1 + k2)3

[
3 + cos2[4ξ(k2)]

4

]2

k1
, (15)

β2 = −
Z − 2k12k

2
2

(k1 + k2)3

[
3 + cos2[4ξ(k1)]

4

]2

k2
, (16)

β12 =
1 − 4k2

12

(k1 + k2)3

[
k1

[
3 + cos2[4ξ(k2)]

4

]
+ k2

[
3 + cos2[4ξ(k1)]

4

]]2

2k12
, (17)

Ù¥,

ξ(ki) = cos−1

[
ki√

k2
1 + k2

2

]
. (18)

�O���¡AÛ^�e>f\�lz±�
f�n�©�¡, Lò¢�¥�l� ψ ÚÑ�
� ξ =z¤nØO�¥�Ñ�� θ Ú�é� 
� φ. =zúªXe:

cos θ = cos ψ cos ξ, (19)

cot
φ

2
= cot ξ sinψ. (20)

äN�í�ÚO�L§3@Ï©z¥®k0� [17],
�u�Ì, ùpØ2Kã.

3 (J�?Ø

·�©O^ BBK Ú DS3C �.3��¡^�
eé He �f�n�©Ñ��¡?1
nØO�,
¢�(J [6,9] ÚnØO��Xã 1(a)—(f) ¤«.
O�(JIP� BBK, DS3C. ã 1(g) ¥é DS3C �
.?1
?�, ?��3ã¥IP� DS3C-1.

ã 1(a)—(g) �Ñ
 Ei = 64.6 eV, E1 = E2 =
20 eV, \�l� ψ ©O� 0◦, 22.5◦, 45◦, 67.5◦, 80◦,
90◦ � TDCS � ξ �Cz'X. dã 1(a)—(c) �
�: �l� ψ l 0◦ Cz� 45◦ �, ¢�êâ��©
�¡wyküN4~�üNþ,�Czª³, 3C
� DS3C O��þy
ù�ª³�(�, l
� ψ = 0◦ �=éAu�¡Vé¡AÛ^�, ��

þãCzª³Ó��3uü«AÛ^�¥. �X
l��ÅìO�, �¡AÛ���¡�l�AÛ^
�LÞ, ã 1(a)—(c) ¥Ñ�� ξ 6 90◦ �¡Åì~
�, ξ > 90◦ �L§�é'~m©C�, 1�«ü
güN-EÅ�@®�¢�y¢�3u3�¡A
Û (é¡, Øé¡) ^�¥. Ïd·�@�: d�¡A
Û���¡�l�AÛLÞ�L§¥, �¡��N
Czª³©ª�±ûÐ��q5, ù«�q5�X
ÚSÜ�-EÅ�EE�'. Ù���)º�: å
P>f�±Ø�m��5Ñ�9ÐÏ�\�>f
��fqu)��5Ñ�. =3þãü«AÛ^
�e, \�>fòåP>f-EvÑ��, vÑ>
f e2 �qØ��÷Äþ=£ K ����Ñ�,
TÅ�3 64.6 eV \��¡AÛÚ��¡�l�
AÛ^�e©ªÓâX����'~. d	, �X
l��O�, þãÑ�� ξ > 90◦ �L§�é'~
ÅìO�, ù«L§��¡�±)º�åP>f�
±Ø��m�5Ñ�rÝ�ÅÚOr,,��¡�
±)º�du\�Uþ�$, >f�q�f�m�
3ér�¥Õ�p�^, ù«�^¦�\�>f�
�fq¬u)�5Ñ�, =`²3u) (e, 2e) -E
L§�c��, Ñu)
\�>f�q�f½lf
�m��5Ñ�½7ØÑ�, �ù«Ñ���Ýq
´�¿�, Ø�3�½�'X5½AÏ5. Ñ�
� ξ > 90◦ �L§�é'~O���Ï�Ò´Ñ�
L§¥��ÝÑ�¤Ó'~��¤/¤�, ùÒE
¤
-EÅ��E,5.

ã 1(d)—(e) �Ñ
 Ei = 64.6 eV, E1 = E2 =
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20 eV, \�l� ψ ©O� 67.5◦, 80◦ � TDCS � ξ

�Cz'X. dã 1(d) �±w�, ¢�êâ3TA
Û^�e ξ = 70◦ ?Ñy��kb�4�. DS3C
�éù�y��Ñ
�Ð�£ã, �´·�5¿
�3 ξ = 85◦ NC DS3C �Ó��Ñ
��¸
� ‘p�’, ù� ‘p�’ �3ã 1(e) ¥¢�êâ
9 DS3C �¥Ñy. XÛ5`²ù�¯KQº²
L©Û, ·�@�: UìþãCzª³, 3ù«AÏ
�UþÚ�ÝSüe, du\�>fUþ�$, X
ÚSÜu)>f�m��-EÅ�Úüg½õg
Ñ�Å��VÇ�~�C, ½ö`u)�5Ñ�½
7ØÑ�±91�«ügüN-E�Å¬��, 
Ñ���Ýq´�¿�, Ïdù
-E�ªÒk
�U¦�äk�ÓÑ���Ñ�>féAuõ«
Ñ� “;,”. ?�ü« “;,” éAu�Ì f1(θ),
f2(θ), aquV�f©f½ü�¥%�Z��A�
�, @oo�Ñ��Ì f(θ) éAuü«�Ì��Z
½��, Uì©z [15] ¥)º>f���f�5Ñ
�ü�©�¡A��nØ, �±L«�

|f(θ)|2 = |f1(θ) + f2(θ)|2

= |f1(θ)|2 + |f2(θ)|2

+2 |f1(θ)| |f2(θ)| cos(∆δ), (21)

∆δ �üÑ��Ì�m�� �, �� θ k�½'
X, ∆δ 6 ± 180◦. �±w�, �� �� ± 180◦ �,
ü�Ìò�)���Z�, XJ�ÑÙ¦�K�,
=lþãO�þw, �¡o�Ì�uü�Ì�U
\l��4���Ñy. ��, �� �� 0◦

�, ü�Ìò�)���Z�, XJ�ÑÙ¦�K
�, �¡o�Ì�uü�Ì�U\lÑy4�
�. Ïd, (Üã 1(d)—(e) ¥O���(�, ·
�@�: Ñy3 ξ = 70◦ Ú ξ = 100◦ NC�4�
�Ñ´du��Z�¤Úå�, ξ = 85◦ ?Ñy�
��� ‘p�’ K´du��Z�¤E¤�. d	,
Bowring Ú Murray ��Q3©z [5] ¥)ºL ψ =
67.5◦ �n�©�¡¥Ñy�@�é��4�,
@�´c�Ú��Ñ��Ì�p�^-��(J,
Ï�3 ψ = 67.5◦ �¡¥ùü��Ì´Cq��
�. ù«)º@�ã 1(d) ¥c�Ñ��Ú��Ñ�
���¡��Ä���, = f1(θ) ≈ f2(θ). �c
���Ñ��Ì����= f1(θ) ≈ −f2(θ), (21)
ª¥ |f(θ)|2 = |f1(θ) − f2(θ)|2 ≈ 0, ù�,´�«
n��G�. ©Û DS3C ��·�@�: o�Ñ
��Ì f(θ) �����ûu f1(θ) Ú f2(θ) �z
���, XJüö�z��Ø�, = f1(θ) ≈ f2(θ)

ùÒ£�
©z [5] ¥�)º. �´, XJ f1(θ)
Ú f2(θ) � � z � � é �, K d (21) ª � ± w
Ñ1n�é�ª�¡��z��, �A�o�
¡ |f(θ)|2 ≈ |f1(θ) + f2(θ)|2 , éAu�¡¥K¬
Ñy�f°��. d�, � ����K��
¡¥�f°�§Ý, �ù«K��é�f, =¦
� �� 0◦ �, éAu��Z�u)��¹, 3�
¡þNy4��Ø¬é²w. Ïd, UìþãnØ,
·�@�: d�¡AÛ���¡�l�AÛLÞ�
L§¥, >f�m-E±91�güN-EÅ�¤
Ó'~��, �Xl��ØäO�, �5Ñ�AÇ
±97ØÑ��zC�, ¦�ã 1(d)—(e) ¥3 ξ =
70◦ ?éAuþãüÑ�;,�Ì������,
���Z�u), l��
4����Ñy. 
Ñ��3 ξ = 70◦ � ξ = 100◦ Cz�L§¥, ü½
õ«Ñ�;,�ÌdCq��Åìu)Cz, ù
Ò��
 ξ = 100◦ ?éAu�Ì����, ���
Z�u), ¦��¡3 u ξ = 100◦ ?�CzØ²
w, l/¤f�°��(�. �dÓ�,  uü�
�m� ξ = 85◦ ?Ñy���� ‘p�’ éAu��
Z��«�, �ÅìÑy
4��. ã 1(e) ¥¢�
êâwyÑ�f� ‘p�’ Ö/, �lý¡y¢
·
�(Ø�Ün5Ú�½��&5. �,, ±þ�?
Ø·���´l DS3C �.¤���nØO�
��(�A�Ñu?1�, ¦+k
/� DS3C
O���¢�êâEk����å, � DS3C Å
¼ê3"Ï�éÐ/�Ä
üÑ�>f����
Àlf§�üü�m��p�^, ¦·�òù�A
½\�Uþ!A½l�!A½Ñ��Ý�¹e>
lL§¥Ù¦�A�Z6ü�é$, l?1
�
Ð�)º. �,, XJ·��ÄZ��Ó�, q�
Äõ«-EÅ�½Ù¦�A�{, @o, du�Ì
Cq��¤Úå�Z��AÒ¬²w~f, AO´
3��¡AÛ^�e$U>f\�>lõ>f�
f� (e, 2e) �A¥, ÐÏ�¥\�>f�qØ��
p�^!q�4z�A!qSåP>f�'é�
A!"Ï�¥�ÀlfévÑ>f�Û�A!
üÑ�>f�m�'é�A±9üÑ�>fm�
���A, nN�m�¶-�A±9�{>f¶-
�A�Ñò¬3>lL§¥åX��^, !�
?Û��Ñò��K��¡(�. XJ�Äþã
�A2�Z��AnÜ��, @oduþãZ�
�A¤Úå�4�4��A�Ny� (e, 2e) �
A-E�©�¡þò�5�Ø²w, $�Ñy�
�(Ø.
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� � � � � � � � � � � �
� � �� � �� � � �� � � 	� � � 
 � �  � �� � � �� � ������ ��� �� !" # $ % & ' ( ) � � � � * +' , ) ' 
 ) � � * +- ) � ./ 0 1 . 2 � �  � �� � � �� � �' ( ) � � � � * +' , ) ' 
 ) � � * +- ) � � � 3 .$ 4 &� � � � � � � � � � � �

� � �� � �� � � �� � � 	� � � 
����� ��� �� !" # / 0 1 . 2
� � � � � � � � � � � �

� � �� � �� � � �� � � 	� � � 
 � �  � �� � � �� � ������ ��� �� !" # $ % & � � � � ' ($ ) & $ 
 & � � ' (* & � + ,- . / , 0 � �  � �� � � �� � �$ % & � � � � ' ($ ) & $ 
 & � � ' (* & � 1 � + ,2 3 4� � � � � � � � � �� � � �� � � 5� � � 	� � � 
����� ��� �� !" # - . / , 0
2 6 4

� � � � � � � � � � � � � � �
� � �� � � �� � � 	� � � 
���� ��� ����� � � � � � � ����� � !" # ��� ����� �$ % & ' () * + ,- - ./ 0 1 � � � � 2 3/ 4 1 / 
 1 � � 2 35 1 � � �6 2 7 $ % & ' () * + ,- - ./ 0 1 � � � � 2 3/ 4 1 / 
 1 � � 2 35 1 8 � �6 9 7� � � � � � � � � �� � � � �

� � �� ��� � �� � � �
� � � � � � � � � �� � �� � �� � � � � 	
���� �� �� � ��� ����� � � �  ! "# $ � %# $ � % & �' ( ) � * � � + ,' - ) ' . ) � � + ,/ ) 0 � 12 3 4 1 5

ã 1 (a)—(g): ��¡AÛ^�e, \�l� ψ � 0◦, 22.5◦, 45◦, 67.5◦, 80◦, 90◦ �, >f>l±�f� TDCS � ξ �Cz'X

ã 1(f)—(g) �Ñ
 Ei = 64.6 eV, E1 = E2 =
20 eV R�\��>f>l±�f�n�©�
¡. �±w�: ¢�êâ��¡wyn¸ü�p

Ýé¡(�, DS3C ��Ð/£ã
ù�(�.
Uì Zhang � [18] éTn¸�/¤Å�?1�&
?: ¥m¸´duüg-EÅ��)�,  ξ = 45◦
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Ú ξ = 135◦ NC�¸K´duüg½õgÑ�¤
Úå�. (Üã 1(f) ·�w�, DS3C O��¥m
¸ÌÝ'¢�êâ�ÌÝ $, �3Xî�ØÎ,
aq�ØÎ3�X�Ù¦�\�Uþ�¹e�Ñ
yL [19]. �¡^�e BBK nØïÄ@�: k�>
Ö�����K�XügÑ� (binary) ¸ÌÝé
ügÑ� (recoil) ¸ÌÝ¤E¤�K���. Ïd,
·�@�: ¦+3��¡AÛ^�e, E�±ÏL
?�Ú�Ä"Ï��¶-�{5é DS3C �?
1?�. Xã 1(g) ¥ DS3C-1 O��, �±w�,
N!k�>Ö� [17] �?���¢�êâÎÜ�
�~Ð, ±�uã 1(g) ¥� DS3C-1 ��¢�ê
â¥n¸Ä�Ü, aq��X�Ù¦Uþ\��
¹e, ?�����¢�êâÎÜ§Ý��ÌÝ
J, (�u�Ì, ùpvk�Ñ). dd, ·��Ñ(
Ø: 3$UR�\�>l±�f (e, 2e) �A¥, é
u"Ï�ó, üÑ�>f¤aÉ��k�>Ö�
~$, XÚS�3X4r�ÄåÆ¶-L§. 3C Å
¼ê£ã"Ï�nâf*dÕá, du��ÄnN
üü�p�^, ØUéÐ/£ãüÑ�>f��é
C��G�, Ïd3ã 1 ¥�l�\��¢�êâ
ÎÜ�Ð, l� ψ > 67.5◦ ��, ¤wyÑ5�
�(�î l
¢�êâ, � DS3C ��É�
�5��. ù��¹�lý¡�y
�Äþã�A

nÜ��, 3 (e, 2e) �A¥Ny3-E�©�¡þ
�A�ò�5�Ø²w, l��Ñy���É�
íä. Ïd, 3��¡AÛ^�eXÛnÜ�5£
ãù
�AÒw�c��, ù��´·�e�Ú
¤��Ä�¯K.

4 ( Ø

�©¦^uÐ��¤Ù� BBK nØ9Ù?�
�., 3��¡AÛ^�e, O�
>f>l±�
f (e, 2e) �A�n�©�¡, ò¢�êâ�O�
(J?1
'�, ¿d DS3C �O��©Û
�
¡(�, éÙSÜ-EÅ�?1
�[�©ÛÚ&
?. (JL²: 3��¡AÛ^�e, (e, 2e) �A¥
-E�©�¡þ¤Ny4�4��A�´dõ«
�A�Ó�^¤Úå�, �´3A½�Uþ!�Ý
�/e, ,��Awy�'�âÑ, ÓÌ�/ ; �
X^��ØÓSÜ�«�A�mé�¡¤�)�
K����Ø��, �pCz. �3R�\�A
Û^�e, "Ï��3X4r�ÄåÆ¶-.

¥I�Æ�C�ÔnïÄ¤A^¤Æ¬��ö?1


kÃ�?Ø, 3dL«a�.
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A theoretical study on electron impact ionization
helium (e, 2e) reactions at 64.6 eV∗
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Abstract
The triple differential cross sections for electron impact ionization helium (e, 2e) reactions are calculated by use of the BBK

and modified BBK model at different gun angles of incident electron energy 64.6 eV. The structures of the cross sections and the
physical natures of these structures are discussed in detail. It is found that for the non-coplanar geometry, cross sections are determined
by a variety of effects together and these effects are converted to each other under different conditions. Moreover, strong dynamical
screening effect is observed in the final state of the perpendicular plane symmetric geometry.

Keywords: BBK model, triple-differential cross section, non-coplanar geometry
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