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>f-E�f!©f¥�Ä�� (e, 2e) ¢�
ÚnØïÄéu�f©fÔn (¼�qâf�(
�&E9SÜ��p�^)!UNÔn!�lf
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X (e, 2e) ÿþ¢�Eâ�uÐ, ��e-X (e, 2e)
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f-EÄ�W�f (e,2e) L§?1
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w7áÚDè7á�
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©�¡�¢�êâ. nØþéù
#�¢�(J
�ïÄ�ék�, Ì�´ÛÅÀ�Cq [7,8] (dis-

torted wave Born approximation, DWBA) ÚÂñ�

Í�{ [9] (convergent close-coupling method, CCC).

 Brauner �< [2] �nN¥ÕÅ (3C) �.9 Be-

rakdar Ú Briggs[10] ÄåÆ¶-�nN¥ÕÅ�
. (DS3C) 3?n¥$U\� H, He �fü>l
L§���
�½�¤õ, É�IS	�f©f
ÔnÆó�ö�2�'5. �´8c�vk 3C
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uy, 3�pU\��, 3C cÙ DS3C �.U
�
Ð/)º¢�(J, $�`u DWBA (J. �3$
U\��¹e, TnØ�¢��m3�Ñ���3
²w� �, Ù�ÏAT´>l>f�qlf (�
f¢¥�åP>f) E,�p�^9r'é�A�
K�.
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�ÄXeü>lL§

e−(E0,ki) + Na(3s) → Na+

+e−(E1,k1) + e−(E2,k2), (1)

�\�>f�Äþ� ki , �?uÄ�� Na �f-
E�, Ñ�>fÚ>l>f�Äþ©O� k1 Ú k2.

ù�L§�n�©�¡ (TDCS) �L� (ØAO
`²	�©¦^�fü )

TDCS = (2π)4
k1k2

ki
|Tfi|2, (2)

Ù¥�[Ý
��L�

Tfi = 〈ψ−
f (r1, r2)|Vi |ψ+

i (r1, r2)〉, (3)

ψ−
f , ψ+

i ©O�NX�"!Ð�Å¼ê, r1 Ú r2 ©
O�\�>fÚåP>f� �¥þ. Vi �\�>
fÚ Na �fq3ÐÏ���p�^³, =

Vi =
1

|r1 − r2|
+ V2, (4)

V2 �ëêz��Zk�³ [11], �L\�>f�w
7álf¢�m��p�^,

V2 = − 1
r1

[
Z−N+1+(N−1)

∑
i

cir
ni
1 e−bir1

]
, (5)

Ù¥ Z ��fØ>fê, N ��f¥�åP>f
ê, ni ´��ê, ci, bi �C©ëê, �3©z [11]

¥é�. l�§ (5) �±wÑ, ù«k�³÷vá
§

(
r1 → 0, V2 → −Z

r1

)
Ú�§

(
r1 → ∞, V2 →

−Z − (N − 1)
r1

)
ìC1�.

Ð�Å¼ê ψ+
i (r1, r2), �L�äkÄþ ki �

²¡Å� Na �f 3S �Å¼ê�¦È,

ψ+
i (r1, r2) = (2π)−3/2 e iki·r1φi(r2). (6)

Å¼ê φi(r2) ^ Slater-type Ä¼ê [12] 5L«

φi(r2) =
∑

i

aiNi(αi, ni)

× r
ni−1
2 e−αir2Ylm(Ω2), (7)

Ù¥ Ni(αi, ni) =
(2αi)ni+(1/2)√

(2ni)!
, ni �;�þfê,

ai, αi �Ðm~êÏf, 3©z [11] ¥þ®�Ñ.

Ylm(Ω2) �¥�¼ê, du�©¥�?Ø>f-

E Na �fÄ� (3S) �ü>l, Ïd Y00 =
1√
4π

.

é"�, ·�r>l��qlf¢ Na+ w��
�:>Ö, KÑ��ü�>f�qlf¢ Na+ {z
���nN¯K, �Än�üN¥Õ�p�^*d
m�ÄåÆ¶-�A (DS3C), =1n�âf��3
éüN¥ÕÅ¼ê�)�K�, NX�"�Å¼
ê ψ−

f (r1, r2) �L�

ψ−
f (r1, r2) = N e ik1·r1 e ik2·r2

2∏
j=1

1F1[iαj ; 1;

−i(kjrj + kj · rj)]1F1[iα12; 1;

−i(k12r12 + k12 · r12)], (8)

r12 = r1 − r2, k12 = 1
2(k1 −k2), 1F1[a, b, c] ´Ü6

�AÛ¼ê. N ´8�zÏf. ¢"�ëê αj L�
ª�©z [10].

eØ�Ä?¿üNm��p�^Ï1n�â
f��3É��K� (3C), ¢"�ëê�L�©
z [2] ¥�/ª.

3 (J�?Ø

US.�½, �éu\�>f��, ·�ÀJ
Ñ�>f�Ñ��_����, vÑ>f�Ñ��
^����, Ïd3�¡Vé¡AÛ^�e (Ñ�
��uvÑ� θ1 = θ2 = θ, üÑ�>f�Uþ©
�), Ñ�>fÚvÑ>f©O u\�>f��ü
ýÑ�. Uì (2) ª, ·�O�
Uþ©O� 11.1,

15.1, 20.1, 25.1, 35.1, 45.1, 55.1 Ú 65.1 eV �\�>
f-EÄ� Na �f 3S ;�ü>l�A� TDCS,

(JXã 1 ¤«. duêâ��Cz��, ·�À
Jéê�I, ±BwÑ TDCS �Cz[!. �
B
u'�, ã¥��Ñ
 Hitawala �< [7] � DWBA

(J, �Ä4z� DWBAP nØ(J9 Murray[6] �
ÿþ(J. �
ïÄnNÄåÆ'é½¶-�A,
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·���Ñ
 3C �O�(J. �é¢�êâÚn
ØO�(Jþ3 θ = 45◦ ?�
8�z?n.

lã�±wÑ¢�(J�\�Uþ�üzª
³, $U\��k�°Ý�� 90◦ �°¸ (binary

peak), 3Ñ���u 90◦ �, k�Ø�²w�éJ

¡��¸�f¸ (recoil peak)(�ã 1(a)—(d). �\
�UþO��°¸ÅìCÄ, f¸���Ý��£
ÄC��é²"Ã(� (�ã 1(e)—(h)). Ø
 3C

3$U\��¹e, DS3C, DWBA 9 DWBAP (J
þ3ØÓ§Ýþ�N
ù
½55�.

ã 1 �¡Vé¡AÛ^�e, Uþ©O� (a) 11.1 eV, (b) 15.1 eV, (c) 20.1 eV, (d) 25.1 eV, (e) 35.1 eV, (f) 45.1 eV, (g) 55.1 eV

Ú (h) 65.1 eV �>f-E Na �fü>l� TDCS (¢�� DS3C (J; :�� 3C (J; J�� Hitawala �<� DWBA O�(
J [7]; :y�� DWBAP (J [7]; �Ø���ç:� Murray �<�¢�êâ [6])
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c [ / ' � � « n Ø � ¢ � ( J, � ± w
Ñ Ø Ó n Ø ? n � © ¯ K � U å. $ U \ �
� (ã 1(a)—(d)), DWBA Ú DWBAP nØ�¢�
(JÎÜ��Ð, �3����þ, DWBA �Cz
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þ�ü�>fØ�UÓ�Ñ�3�c��. �X\
�U�O\ (ã 1(e)—(h)), DWBA (JØ=$�

Ñ����u 90◦ �Ñ��¡, �3�Ñ�«,

¢�þ�Ñ��¡C�²", DWBA (JE¥y
n¸(�, î l
¢�(J, �Ä4z³�A
� DWBAP (J�vUUõ�¢��ÎÜ§Ý. ù
¿�X DWBA é¯K�?n�I�?�Ú�Äp
��A.

lã 1(a)—(f) ¥�±wÑ, éu�$�\�U,

3C �.3Ñ��� 45◦ ��Ñ
�( binary ¸ 
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�¡��
é��, recoil ¸$�pu binary ¸, �¢�(Jî
 l. Ù�ÏAT´ 3C Å¼êØU�(�NÑ
�>f��{qlf�m�r�ÄåÆ'é9�
p�^. Ï, 3�$\�Uþ�¹e 3C �.�
�. ,, �X\�Uþ�O\, lã 1(e)—(h) ¥�
±wÑ, ¦+3�Ñ����Ñy
Ø�(�¸(
�, �ù«�¹�´�X\�Uþ�O\��Øä
Uõ (cÙ´�\�Uþ�� 65.1 eV �), $�`
u DWBA (J. L²Ñ�>f��{qlf�m
�ÄåÆ'é9�p�^Øä~f, ¤± 3C �.
�·ÜupU-E.

é·�� DS3C (J, lã�±wÑ, Ñ��ª
u"�, Ø� DWBA, TDCS ªu". 3��Uþ�
���Uõ
 3C (J, �\Jp
�¢�êâ�
ÎÜ§Ý, Ø=éÐ£ã
 45◦ Ñ��?� binary

¸, �3�p\�Uþ�, �Ñ��?� TDCS

A��¢�(J��, ¿`u DWBA. Øv�´3
$\�Uþ�¹e l¢�(J, Ñy
�r��
Ñ�¸. �U��Ï´: >f$U-E Na >l�,

Ñ�>f��{qlf (�f¢) �m�3�½�

ÄåÆ'é!õN�p�^!4z½>l>f�
åP>f����A�, �(?nù
�A, 8c
E,´nØó�ö���qã?Ö.

£� 3C �.3¦) (e, 2e) �A¥"�nN
XÚÅ¼ê� Schrödinger �§�, =�Ä
n�
üN¥ÕfXÚm��p�^, vk�Ä?¿ü
Nm��p�^Ï1n�âf��3É��K
�. �\�âfUþ'�$�, "�nNm�Äå
Æ¶- (�Ò´Ñ�>fm�Äþ'é�A½n
N�p�^) �©²w.  DS3C Å¼êé 3C Å
¼ê�?��Ð3�½§Ýþ�N
"�Å¼ê
¥�ù«�A, ��þ`, §£ã
du1n�â
f��3éüN¥ÕÅ¼ê�)�K�, lL
«
n�üN¥Õ�p�^*dm�ÄåÆ¶-.

DS3C ' 3C �Ð/£ã
¢�(J, �´Äu 3C

Ú DS3C �ù««O, L²éu�¡Vé¡AÛ^
�e�>f-E Na �fü>lL§, Ñ��nâ
fm�ÄåÆ'é�A´'�r�.

4 ( Ø

éu�¡Vé¡AÛ^�e�>f-E Na

�f 3S ;�ü>lL§, DS3C �.O�(JU
õ
 3C (J3$U\��Ñy����/, �
Nþ�¢�ÎÜ�éÐ, 3¥pU\���¹e,

DS3C nØ(J�¢�(J�ÎÜ§Ý�`u 3C

Ú DWBA (J, �Ï´ DS3C nØé�xn�üN
�m¥Õ�p�^�¢"�ëþ?1
?�, �Ä

Ñ��nâf�m�ÄåÆ¶-�A, =1n�
âf��3éüN¥ÕÅ¼ê�)�K�.

�, DS3C �.O�(J�Nþ�¢�ÎÜ
��Ð, ��¢�E�3�
 �, Uþ�$�,

DS3C �.�Ñ� recoil ¸pu¢�(J����
�� £. E¤ù
Øv�U��Ï´Ñ�>f�
�{qlf (�f¢) �m�3õN�p�^!4
z½>l>f�åP>f����A��Ó�^
�(J.
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Abstract

Dynamically screened three-Coulomb-wave model (DS3C) is used to study the single ionization of the 3S orbital of sodium by

electron impact. Triply differential cross-sections (TDCSs) are calculated in doubly symmetric geometry at excess energies of 6, 10,

15, 20, 30, 40, 50 and 60 eV using a parameterized optimized effective potential. Comparisons are made between recently experimental

data and theoretical predictions of the three-Coulomb wave function (3C) approach and distorted-wave Born approximation (DWBA).

The angular distribution of the present TDCS is found to qualitatively reproduce the reported experimental data. It is shown that

dynamically screened effects are important in this geometry.
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