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æ^ÛÅÀ�Cq (DWBA) nØO�
�¡Øé¡AÛ^�e Ag+(4p6) 9 Ag+(4d10) 3ØÓ\�>fU

þÚÑ�>f�Ýe (e,2e)�A�n�©�¡. Ñ�>f�Ý� 4◦, 10◦ Ú 20◦. O�(JL², Ag+(4p6)(e,2e)�

A�n�©�¡Ù binary¸¸ ½3�¸�� �Äþ=£��k���O, ù�U´du�«ügüN-E

E¤�. ,	, �uy Ag+(4p6)(e,2e)�An�©�¡� binary¸Ñy
�~3�y�, ùL²lfqS��>

l (e,2e)�AL§�	����E,. é Ag+(4p6) 9 Ag+(4d10), Ø binary¸Ú recoil¸±	, 3Ù¦vÑ>f�Ý

Ñy
#�¸, �©^A«ügüN-EL§éù
#�¸?1
)º.

'�c: (e,2e)�A, ÛÅÀ�Cq, n�©�¡, ügüN-E

PACS: 34.80.Dp, 34.50.Fa

1 Ú ó

(e,2e)�A=>f-E�f�ü>lL§, Ï

Lé (e,2e)�An�©�¡�¢�ÚnØïÄU


¼��AÄåÆÚqâf(���&E [1−3].

>f�lf-E>l¯K3UNÔn!�lfN

Ôn�¯õ+�åX���^. @3þV 80

c�ÐÏ, lf� (e,2e)�A¯KÒ®²¤��f

ÔnÆ[a,���K, �´dulfq��Ý�

$, ÿ�klf (e,2e)�An�©�¡�¢�ï

Ä, ÏnØïÄ�\�.

élfq (e,2e)�A�nØïÄ©u 1982c,

Roy�< [4] O�
>f� He+(e,2e)�A�n�

©�¡, ù´1��'ulfq� (e,2e)�A��.

\�>fUþÀJ� 200—3000 eV,\�>fÚÑ

�>fÅ¼ê^¥ÕÅ5£ã. d��k Biswas

Ú Sinha[5,6]
!Jia�< [7] é He+(e,2e)�An�

©�¡�nØïÄ, ù
nØO�L²3lf�>

lL§¥�§¥Õ�p�^é�. 1997c, Shi�

< [8] ^ BBK nØïÄ
�¡Øé¡AÛ^�e

Ø>Öêéa�lf (e,2e)�An�©�¡�K

�. n�©�¡¥Ø
 binary¸Ú recoil¸	, �

Ø>Öê Z > 4 �, 3vÑ>f�Ý� −90◦—0◦

��SÑy
1n�¸, ¦�@��AL§¥u

)
�«ügüN-E, =\�>fk�qlfÑ

�, ,�q�;�>f-Eò;�>fvÑgC�

Ñ�.KhajuriaÚ Tripathi[9] ^ DWBA Ú DWIA �

{ïÄ
ØÓAÛ^�éw7álf p ;� (e,2e)

�An�©�¡�K�, ¦�uy��f� p

;�>l�q, éw7álfó, n�©�¡

� binary¸�¬u)©�y�, ùU
^ Ehrhardt

�<é Ar3p ;� (e,2e)�A�ïÄ [10] 5)º, =

w7álf binary¸�©�� p ;�>fÄþ�

m�Ý©Ùk'. 2005c, Chen�< [11] ��
¦

�é Li+ (2s2) Ú K+ (3p6)(e,2e)�An�©�¡

�nØïÄ, ¦�uy binary¸�¸ �Äþ=£

��k�� £, ¦�@��AL§¥u)
\�

>fk�qlfÑ�, ,�q�;�>f-Eò;

�>fvÑgC�Ñ��ügüN-EL§. �8

c��, élfqS�� (e,2e)�A����k·
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�é Cu+3p ;�>f-E>ln�©�¡�n

ØO� [12], uy3�
Ñ�>fUþ^�e, n

�©�¡� binary¸¬u)�~3�y�.

�©æ^ DWBA nØO�
�¡Øé¡A

Û^�elfq Ag+ S��;� 4p, 4d(e,2e)�

A�n�©�¡, ÏL©Ûn�©�¡�

A:, ïÄ
�AL§¥��«�p�^. ·�

À�\�>fUþ� 1000 eV, 500 eVÚ 200 eV.

é 4p ; �, ü Ñ � > f U þ � (900,31) eV,

(500,431) eV, (400,31) eV, (300,131) eV, (100,31) eV

Ú (70,61) eV; é 4d ; �, ü Ñ � > f U þ

� (900,78.5) eV, (500,478.5) eV, (400,78.5) eV,

(300,178.5) eV, (150,28.5) eVÚ (100,78.5) eV.

2 n Ø

Uþ� E0, Äþ� k0 �\�>f�qâfu

)-E, üÑ�>f�UþÚÄþ©O� E1, k1

Ú E2, k2, DWBA nØO��ÑT�A�n�©

�¡ (TDCS)� [13]

d3σDWBA

dΩ1dΩ2dE1
=(2π)4

k1k2

k0

∑

av

[|f |2 + |g|2

− Re(f∗g)], (1)

Ù¥

f =
〈

χ(−)(k1, r1)χ
(−)(k2, r2)

∣

∣

∣

1

r12

∣

∣

∣
χ(+)(k0, r0)ψnl

〉

,

(2)

g =
〈

χ(−)(k1, r2)χ
(−)(k2, r1)

∣

∣

∣

1

r12

∣

∣

∣
χ(+)(k0, r0)ψnl

〉

,

(3)
∑

av
L«é"�{¿�¦Ú9éÐ�{¿�¦²þ,

ψnl �q� nl ;�Å¼ê, χ(+) ´?uq�f��

Û�Ä�³e�\�>fÛÅ, χ(−) ´?u"�

qlf��Û�Ä�³e�üÑ�>f�ÛÅ,

χ(+) Ú χ(−) Ñ� ψnl ��.

��Û�Ä�³���Û³ VD Ú?���

²;��³ VE �Ú. ��Û³ VD
[13] �

VD(r) =
∑

nl

Nnl

∫

dr′[unl(r
′)]2/r>, (4)

r> ´ r Ú r′ ¥���ö, Nnl ´;� nl �>fê.

?���²;��³ VE � [14]

VE(r) = 0.5
{

E − VD(r) +
3

10
[3π2ρ(r)]2/3

}

− 0.5
{

[E − VD(r) +
3

10
[3π2ρ(r)]2/3]2

+ 4πρ(r)
}1/2

, (5)

Ù¥ ρ(r) �>f�Ý.

3 (J�?Ø

3.1 Ag+(4p6) ��� (e,2e) ���AAAnnn���©©©���¡¡¡

ã 1(a1)—(f) �Ñ
 Ag+(4p6) 3Ñ�>f�

Ý θ1 = 4◦, 10◦ Ú 20◦ ��¡Øé¡AÛ^�e�

nØO�(J.

L 1 ØÓ\�U!Ñ�UÚØÓÑ��e� pmin!Äþ=£�� |K|!Äþ=£�� θK 9 bianry¸�¸  θpeak ½ θdip.

E0/eV E1/eV E2/eV θ1/(◦) Äþ=£ |K| pmin θK θpeak ½ θdip

1000

900 31

4 0.73 1.98 51 56

10 1.52 1.19 68 70

20 2.93 0.22 72 71

500 431

4 2.56 3.50 10 18

10 2.81 3.25 22 22

20 3.55 2.52 36 40

500

400 31

4 0.75 1.96 30 31

10 1.19 1.52 53 74

20 2.09 0.62 62 69

300 131

4 1.42 2.42 13 10

10 1.65 2.18 30 26

20 2.30 1.53 44 60

200

100 31

4 1.15 1.57 10 15

10 1.26 1.46 22 40

20 1.59 1.13 36 32

70 61

4 1.58 1.51 6 8

10 1.65 1.44 14 15

20 1.87 1.22 24 23
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(f)
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(a) (a)

ã 1 Ñ�>f�Ý θ1 = 4◦, 10◦ Ú 20◦ � Ag+(4p6)(e,2e)�An�©�¡. (a1-a2) E0 = 1000 eV, E1 = 900 eV,

E2 = 31 eV; (b) E0 = 1000 eV, E1 = 500 eV, E2 = 431 eV; (c) E0 = 500 eV, E1 = 400 eV, E2 = 31 eV; (d) E0 = 500 eV,

E1 = 300 eV, E2 = 131 eV; (e)E0 = 200 eV, E1 = 100 eV, E2 = 31 eV; (f) E0 = 200 eV, E1 = 70 eV, E2 = 61 eV.

lã 1 ¥�±w�, �Nó, n�©�¡

�rÝ�Ñ���O�~�. 3 θ1 = 20◦ ±

9 (f) ã¥, n�©�¡� binary¸Ñu)
3

�, Ehrhardt3Ù©z [10] ¥@�ù� p ;��

>fÄþ©Ùk'. ·�|^ DFT-B3LYP �{

æ^ Lanl2dzÄ|O���
 Ag+4p ;��>f

Äþ©Ù, Xã 2 ¤«. 4p ;��>fÄþ©Ù

3 p = 0 :� 0, 3 pmax �� 1.24?��4��.

½Â pmin = |k2 − K|, Ù¥ k2 �vÑ>f�Äþ,

K �Äþ=£. 3 Ehrhardt�ügüN-E�ã�

e [10], � pmin = |k2 − K| > pmax � Ag+(4p6) �

¡¥AT�Ñy�� binary¸, ¸ 3Äþ=£ K

���þ. � pmin = |k2 − K| < pmax � binary¸

ò�©��ÑyV¸, V¸�m��� �3Ä

þ=£ K ���þ.

L 1 ¥ · � � Ñ 
 ã 1 ¥ � « U þ ^ �

e Ag+(4p6)(e,2e)�An�©�¡� pmin �!

Äþ=£�±9 binary¸�¸ ½� . é'ã 1
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ÚL 1 ¥�êâ·��±wÑn�©�¡Ä�

ÎÜd5Æ, �´3ã 1(f) ¥ θ1 = 4◦ Ú 10◦ �,

pmin ©O� 1.51Ú 1.44,þ�u pmax, binary¸Ø

AT3�%u)
3�, ùL²lfS�� (e,2e)

�AL§��fq½lfq	����E,.

0 1 2 3 4
0.000

0.005

0.010

0.015

0.020

0.025

pmax

强
度
/
a
rb
.u
n
it
s

p⊳a.u.

ã 2 Ag+4p ;�>fÄþ©Ù

,	, binary¸�¸  θpeak ½�  θdip ÑA

Ñy3Äþ=£���þ. lL 1 ¥��±wÑ bi-

nary¸ ½� ��A�Äþ=£��Ä���,

�O�u�u 5◦, ��kA�AÏ�¸ ½� 

�Äþ=£��Ø��, üö����u 10◦, Ù�

Ï�U´u)
ügüN-E [11]. =\�>fk

� Ag+ �5Ñ�, Ñ�����Ð�\��� k0

 l
����Ý, ,��Ñ��\�>fq�;

�>f-Eu) (e,2e)�A, ò��;�>fvÑ,

ù�L§��vÑ>f�Ñ����Äþ=£�

�Ñy�� �. ù«ügüN-EL§�ã 3(c)

Ú (d).

l ã 1(b),(d),(e),(f) ¥ · � � � ± u

y Ag+(4p6)(e,2e)�An�©�¡¥Ø
k bi-

nary¸Ú recoil ¸, 3,
�Ý�Ñy
�
#�

(�, ¿��üÑ�>fUþ��C, #�(�Ñ

y��õ. �â Brauner�< [15] �ïÄ, ù
¸

�Ñy´duu)
ü«ügüN-EL§. ã 3

�Ñ
ùü«ügüN-EL§�«¿ã. ã 3(a)

Ú (b) ´\�>fk�;�>fu) (e,2e)�A,

�Ñ�>fq�qlfu)�5-E�L§;

ã 3(c) Ú (d) ��AL§3c¡®²0�L. d

u (e,2e)�AL§´ÄþÅð�, ¤±·��±�

â\�>fÚÑ�>f�ÄþO���vÑ>f

±9Ñ�>f�\�>f�m�Y�, ?¦�ü

Ñ�>f�m�Y�. O��� (e,2e)�AL§¥

üÑ�>f�m�Y�� 90◦.

e0

e0

e0

e0

(a) (b)

(c) (d)

e2

e2

e2

e1

e1

e1

e2

e1

θ1

θ1

θ1

θ1

T

T

T

T

ã 3 ü«ügüN-EL§, T �qØ

Xã 3 ¤«, (a) Ú (b) ¥vÑ>f e2 Ñy

� � θ2 A� 0◦ < θ2 < 90◦ Ú 270◦ < θ2 <

360◦; (c) Ú (d) ¥vÑ>f e2 Ñy� � θ2 A

� 90◦ < θ2 < 180◦ Ú 270◦ < θ2 < 360◦. �â±

þ?Ø·��±�Ñã 1(b) ¥ 60◦ < θ2 6 90◦

? Ñ y � ¸ ´ d u ã 3(a) ¥ � - E L §, θ2
3 130◦ NC�ügüN-E�ã 3(c) ��¹,

θ2 3 300◦ ± 9 340◦ N C Ñ y � ¸ ´ ã 3(b)
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½ (d) ¤«�-EL§. lã 3 ¥��±w�,

(a) Ú (b) ¥vÑ>f�Ý θ2 �\�>fUþÚ

üÑ�>fUþ�UCu)Cz, �´�\�>

fUþÚüÑ�>fUþUC�, (c) Ú (d) ¥v

Ñ>f�Ý θ2 Ø¬u)Cz, ¿��Ñ�>f�

Ý θ1 = 4◦, 10◦ Ú 20◦ �, (d) -EL§�)�¸�

¸  θ2 A©O3 274◦, 280◦ Ú 290◦. '�ã 1(b)

Ú (e) �±w�, éu�Ó�Ñ�>f�Ý θ1, üã

¥ θ2 3 300◦ NCÑy�¸Ä�þ �´�Ó�,

Ïã 1(b) Ú (e) ¥ θ2 3 300◦ NCÑy�¸´

duã 3(d) ¤«�-EL§�)�, ã 1(b) ¥ θ2

3 340◦ NCÑy�¸´duã 3(b) ¤«�-EL

§�)�. Ó�·���±©Ûã 1(d), (e)Ú (f) ¥

�ügüN-E¸éA��AL§, �±�ä θ2

3 300◦ NCÑy�¸´duã 3(d) ¤«�-EL

§�)�, 3ù
ã¥vkÑyã 3(b) ¤«-EL

§�)�ügüN-E¸, ��ù«-EL§Ø´

u).
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θ2/(O)θ2/(O)

ã 4 Ñ�>f�Ý θ1 = 4
◦, 10◦ Ú 20◦ � Ag+(4d10)(e,2e)�An�©�¡ (a1), (a2) E0 = 1000 eV, E1 = 900 eV,

E2 = 78.5 eV; (b)E0 = 1000 eV,E1 = 500 eV,E2 = 478.5 eV; (c)E0 = 500 eV, E1 = 400 eV,E2 = 78.5 eV; (d)E0 = 500 eV,

E1 = 300 eV,E2 = 178.5 eV; (e1),(e2) E0 = 200 eV,E1 = 150 eV,E2 = 28.5 eV; (f) E0 = 200 eV,E1 = 100 eV,E2 = 78.5 eV
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3.2 Ag+(4d10) ��� (e,2e) ���AAAnnn���©©©���¡¡¡

ã 4(a1)–(f) �Ñ
 Ag+(4d10) 3Ñ�>f�

Ý θ1 = 4◦, 10◦ Ú 20◦ ��¡Øé¡AÛ^�e�

nØO�(J.

lã 4 ¥�±wÑ Ag+(4d10) n�©�¡A

:� Ag+(4p6) ��q, o�5`n�©�¡�

rÝ�Ñ���O�~�. ã 4(a2),(b),(d)¥Ñ

Ñy
ügüN-E¸. ã 4(a2) ¥3 θ2 � 140◦

NCÑy�ügüN-E¸áuã 3(c) a, 3 θ2

� 330◦ ?�ügüN-E¸´ã 3 ¥� (b) a�

¹; ã 4(b) ¥3 θ2 �� 90◦ ?Ñy�¸´ã 3(a)

¤«-EL§; ã 4(d) ¥ θ2 3 90◦—120◦ ��S

Ñy�¸éAuã 3(c) aügüN-EL§, θ2
3 300◦ NC�¸éAuã 3(d) ¤«ügüN-E

L§. � 4p ;��', ügüN-E¸Ñy��¹

���õ, ù`²�éu 4p ;�, 4d ;�� (e,2e)

�AL§¥ügüN-EL§�Ø´u).

4 ( Ø

·�æ^ DWBA nØO�
�¡Øé¡AÛ

^�e Ag+(4p6) 9 Ag+(4d10) 3ØÓ\�>fU

þÚÑ�>f�Ýe (e,2e)�A�n�©�¡.

©Û
 4p ;� (e,2e)�An�©�¡ binary¸

�3��¹, uy3�
^�e binary¸ ½3�

¸�m�� �Äþ=£��k���O, ù�U

´du�«ügüN-EE¤�. ,	, ·��u

y Ag+(4p6) � (e,2e)�An�©�¡Ù binary

¸3�O�¹eu)
�~3�y�. é Ag+(4p6)

9 Ag+(4d10), ·�uyØ binary ¸Ú recoil ¸±

	, 3Ù¦vÑ>f�Ý¬Ñy#�¸, ·�^A

«ügüN-EL§éd?1
)º.

[1] Wu X J, Chen X J, Shan X, Chen L Q, Xu K Z 2004Chin. Phys.

13 1857

[2] Zhang Z, Kyle O, Han X M, Chen X J 2010Acta Phys. Sin. 59

1695 (in Chinese) [Üó, Kyle Obergfell,¸k², ��� 2010

ÔnÆ� 59 1695]

[3] Sun S Y, Jia X F, Miao X Y, Zhang J F, Xie Y, Li X W, Shi W Q

2009Chin. Phys. B 18 2744

[4] Roy A, Roy K, Sil N C 1982J. Phys. B: At. Mol. Opt. Phys. 15

1289

[5] Biswas R, Sinha C 1995J. Phys. B: At. Mol. Opt. Phys. 28 1311

[6] Biswas R, Sinha C 1994Phys. Rev. A 50 354

[7] Jia X F, Shi Q C, Chen Z J, Chen J, Xu K Z 1997Phys. Rev. A 55

1971

[8] Shi Q C, Chen Z J, Chen J, Xu K Z 1997J. Phys. B: At. Mol. Opt.

Phys. 30 2859

[9] Khajuria Y, Tripathi D N 1999Phys. Rev. A 59 1197

[10] Ehrhardt H, Hesselbacher K H, Jung K, Schubert E, Willmann K

1974J. Phys. B: At. Mol. Opt. Phys. 7 69

[11] Chen L Q, Chen X J, Wu X J, Shan X, Xu K Z 2005J. Phys. B:

At. Mol. Opt. Phys. 38 1371

[12] Zhou L X, Yan Y G, Men F D 2010Chin. Phys. B 19 073401

[13] McCarthy I E 1995Aust. J. Phys. 48 1

[14] Gianturco F A, SCialla S 1987J. Phys. B: At. Mol. Phys. 20 3171

[15] Brauner M, Briggs J S 1993J. Phys. B: At. Mol. Phys. 26 2451

043401-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 043401

The theoretical calculation of (e,2e) triple differential
cross sections of Ag+ (4p,4d) in coplanar asymmetric

geometry∗

Zhou Li-Xia† Yan You-Guo

( College of Physics Science and Technology, China University of Petroleum, Dongying 257061, China )

( Received 24 March 2011; revised manuscript received 16 April 2011 )

Abstract

The three-body distorted-wave Born approximation is used to calculate the (e,2e) triple differential cross sections (TDCSs) of

Ag+(4p10) and Ag+(4d10) in different kinematical variables in coplanar asymmetric geometry. The angles4◦, 10
◦ and 20

◦ are

selected as the scattering electron angles. We find that the position of binary peak or the dip between split peaks are not in the direction

of momentum transfer, which is probably ascribed to one kindof double-binary collision. We also find that the binary peaks show

abnormal splits for Ag+(4p10). Such abnormal splits indicate that an (e,2e) process for inner valence orbital of ionic target becomes

more complicated than for outer valence orbital. Furthermore, beside the binary peak and the recoil peak, some pronounced peaks

appear at certain ejected angles in the (e,2e) TDCSs of Ag+(4p10) and Ag+(4d10). We consider that these pronounced peaks are

probably related to one kind of double-binary collision.

Keywords: (e,2e) reaction, distorted-wave Born approximation, triple differential cross sections, double-binary
collision
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