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yyy���fff---EEE---uuu���©©©���¡¡¡ÚÚÚ Stokes
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(Ü����ÆÔn�>fó§Æ�, [���f©fÔn�õUá�­:¢�¿, =² 730070 )

( 2011 c 10 � 24 FÂ�; 2012 c 2 � 21 FÂ�?Uv )

Äu�éØÛ­ÅnØ�{, ¿|^#uÐ�?n4z>f-E-u�O�§S REIE06, XÚO�
¥5y�
fÄ� 3s2 1S0 �-u� 3s3p 1P1, 3s4p 1P1 �>f-E-u�©�¡Ú�'é (Stokes) ëê, O�L§¥XÚ/�
Ä
�éØ�A!>f'é�A�. Ü©O�(J�®k�¢�ÚnØ(J?1
'�, ��
�Ð���5.

'�c: >f-E-u,�©�¡, Stokes ëê, �éØÛ­ÅnØ

PACS: 31.15.am, 34.80.Dp

1 Ú ó

Cc5, �X>f - 1fÎÜÿþEâ [1−3]!
��Ñ�¢�Eâ [4−6] ±9>fålf²¢�E
â [7−9] �uÐ, >f - �f (lf) -E-uL§¥
�9^þfêU?�ÄåÆëê, X^þfU?m
�È©!�©Ñ��¡!-u��fË�1f�
4zÝ [2,3] ±9-u��f>f��ü� (align-

ment) Ú��ëê (orientation)[10,11] ��¡�ïÄ
®¤��c¢�ÚnØïÄ�9:. 3ù
ïÄ¥,

du\�>f�g^©þØé¡, �q�f�-E
��É5, -E-u�q�f¥�>f3��^þ
fU?þ�©ÙØþ!, l
��-u��fò-
uË�Ñ4z�1Ì. Ïd, ÏLéq�fò-u
Ë�1f4zëê (Stokes ëê)[12,13] �ïÄ, �±
Jø���[��fSÜ(�±9Ñ�L§¥�
ÄåÆ&E [10,14].

y�f�	�kü� 3s d>f, ´�{ü�
wè7á�f, 3¢�þ´uö�. §Ø=U
u
�nØ�(�Ä, ��±�ïÄ>f�Ù¦�f©
f�-EJø�]/��g´. 3L��n�cp,

<�é>f�y�f�-E-uL§?1
�þ
�ïÄ. ¢��¡, 1978 c Williams Ú Trajmar[15]

ÿþ
\�>fUþ©O� 10, 20, 40 eV �-u
� 3 3P , 3 1P , 3 1D, 4 1S, 4 1P �-E-uo�¡
Ú��©Ñ��¡; 1989 c Mitroy Ú Carthy[16] ÿ
þ
 10, 20, 40, 100 eV �-u� 3s3p 1P , 3s4p 1P ,

3s3d 1D, 3s4s 1S ���©Ñ��¡±9��Ñ
�� 3s3p 1P � Stokes ëê; 2003, 2005 c Brown

� [2,3] |^4z>f - 1fÓÚÿþ�{ÿþ

\�>fUþ©O� 20, 40 eV � 3s3p 1P , 3P

���©�¡Ú�'� Stokes ëê; 2006 c Fil-

ipovic � [17] ÿþ
 10—100 eV ��S 3s3p 1P1

�2Â�frÝ!�©�¡Úo�¡; 2008 c Pre-

dojevic � [18] 3 Brown � [3] ó��Ä:þÿþ

y�f-u� 3s3d 1D2, 3s4s 1S0, 3s4p 1P1 �
�©�¡, CÏqÿþ
 3s3p 3P1 3ØÓ\�>
fUþe��©�¡ [19]. nØ�¡, |^ØÓ
nØ�{, X�ÍÜnØ (CCC)[2,20]!��õN
nØ (FOMBT)[21]!B-spline R Ý
{ [22] ±9�
éØÛ­ÅCq{ (RDW)[23−25] �éy�fÄ
� 3s2 1S0 ��$-u� 3s3p, 3s3d ±9�p-u
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� 3s4l (l = s, p ,d, f) �-E-uo�¡!�©�
¡Ú Stokes ëê�?1
2��ïÄ. ,
, Òy
�f�-E-u
ó, 8cØÓ¢�(J�m±9
¢�ÿþÚnØO��mE�3 �, ù�:3y
�f�p-u� 3s4l (l = s, p, d, f) ¥c�²w [22].

�©|^·��|uÐ�?n4z>f�
�f (lf) ��5-E��éØÛ­ÅO�§
S REIE06[26−28], XÚO�
\�>fUþ©O
� 10, 20, 40, 60, 80 eV �y�fÄ� 3s2 1S0 �-
u� 3s3p1 P1, 3s4p1 P1 ��©�¡Ú Stokes ëê,

¿©Û
Ù�Ñ��Ú\�>fUþ�Cz5Æ.

Ó�, òO�(J�®k�¢�êâÚÙ¦nØ(
J?1
�['�.

2 nØ�{

2.1 >>>fff---EEE---uuu���©©©���¡¡¡

�Ä��äkUþ εi, g^©þ� msi �\�
>f�äk N >f��4zq�fu)��5-
E, ¦q�flÐ� (Ji, Mi) -u�"� (Jf , Mf ),

>f-E-u��©�¡�±L«�
dQ

dΩ
=

1
2Ji + 1

∑
Mi,Mf

1
2

∑
msi ,msf

∣∣Bmsi
msf

∣∣2, (1)

Ù¥, J �o�Äþ, M �Ù Z ¶©þ, i, f ©OL
«-E-u�Ð�!"�, B

msi
msf

´-E-u�Ì,

L«�

B
msi
msf

=
2a0π

1/2

ki

∑
li,ji,mi,mli
lf ,jf ,mf ,mlf

∑
J,M

(i)li−lf (2li + 1)1/2

× exp[i(δki + δkf )]Y
mlf
lf

×C

(
li

1
2
mlimsi ; jimi

)
×C

(
lf

1
2
mlfmsf ; jfmf

)
×C (JijiMimi;JM)

×C(JfjfMfmf ;JM)T (γi, γf), (2)

ª ¥, a0 �À � � », C

(
l
1
2
mlms; jm

)
Ú C

(JtjMtm;JM) � C-G X ê, J �- E N X (>
f + q) �o�Äþþfê, msi , li, ji, mli ©O
�ëY>fg^!;�Úo�Äþ9Ù;� Z

©þ��Äþþfê, ki �\�>f��éØÅ

ê k2
i = ε

[
1 +

α2

4
ε

]
(ε �ü � Rydbergs, α�°

[(�~ê), δki Ú δkf ©O�Ð!"�ëY>f
�¥Õ�£, T (γi, γf) �� M þfêÃ'�Ñ�
Ý
�, ���

T (γi, γf) = 〈γfJf , εfκf ;J |

×
N+1∑

p,qp<q

1
rpq

|γiJi, εiκi;J〉 , (3)

Ù¥, |γiJi, εiκi;J〉 Ú 〈γfJf , εfκf ;J | ©OL«q�
fÚëY>f�¤� N + 1 >f-ENXÐ!"
��Å¼ê. -ENXÐ!"��Å¼ê�ëY>
f�q�fÅ¼ê¦È�¤��é¡z�ÍÜÅ
¼ê, L«� [26]

|γtJt, εκ;J〉 =
1

(N + 1)1/2

N+1∑
P=1

(−1)N+1−P

×
∑

Mt,m

C (JtjMtm;JM)

× |α (PtJtMt)〉 |εκm〉 , (4)

ª¥, |α (PtJtMt)〉�q�fÅ¼ê (t = i�Ð�,

t = f �"�), |εκm〉 �ëY>fÅ¼ê. 8cn
Ø¥, q�fÅ¼ê�£ãæ^
õ|� Dirac-

Fock nØ�{ [29−31]. Ù¥, ?¿���f�Å¼
ê |α (PtJtMt)〉 däk�Ó�¡ Pt, o�Äþ Jt

Úo�Äþ^©þ Mt �|�Å¼ê�5|Ü

¤, =

|α (PtJtMt)〉 =
nc∑

r=1

Cr (α) |Γr (PtJtMt)〉, (5)

ª¥ nc �|�Å¼ê��ê, Cr (α) �|�·
ÜXê, |Γr (PtJtMt)〉 �|�Å¼ê, Ùdü>f
� Dirac g^;�Å¼ê�¤� N � Slater 1�
ª�5|Ü
¤ [29]. 8cnØ¥, q�U?ÚÅ¼
ê�O�æ^
ISþ2�¦^��f(�O�
§S� GRASP92[30].

�éØnØµee, ëY>f� Dirac g^;
�Å¼ê�±L«�

|εκm〉 =
1
r

 Pεk(r)χκm(θ, φ)

iQεk(r)χ−κm(θ, φ)

 , (6)

Ù¥, ε�>f�ÄU, χκm(θ, ϕ)�g^¥�¼ê,

Pεκ Ú Qεκ ©O�ëY>f»�Å¼ê��!�
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©þ, Ù÷vÍÜ� Dirac �§ [32](
d
dr

+
κ

r

)
Pεk(r)

−
(

2c − ε

c
+

Y (r)
cr

)
Qεk(r)

= −χ(P )(r)
r

,(
d
dr

− κ

r

)
Qεk(r)

+
(
−ε

c
+

Y (r)
cr

)
Pεk(r)

=
χ(Q)(r)

r
,

(7)

Ù¥ Y (r) ��»�Å¼êk'���³U¼ê,

χ(P )(r) Ú χ(Q)(r) ��¹��³�z��Ûg
� [32]. 8cnØ¥, |^®k�q�Å¼ê5¼�
��³U¼ê, ¿ÏLS�gU|�{ [33] ¦) (7)

ª, �±���¹>f���AÚ���A�ë
Y>fÅ¼ê, ëY>fÅ¼ê�8�zKæ^

 WKB Cq�{ [34].

2.2 >>>fff---EEE---uuu Stokes ëëëêêê

b�\�>f÷ x ��, \�>f�Ñ�>
f�¤Ñ�²¡, 1Ì�ÿþR�uÑ�²¡, =
÷X Z ¶��, K�/ Stokes ëê P1, P2 9�
/ Stokes ëê P3 �L«� [2,3]

P1 =
Iz(0o) − Iz(90o)
Iz(0o) + Iz(90o)

, (8)

P2 =
Iz(45o) − Iz(135o)
Iz(45o) + Iz(135o)

, (9)

P3 =
I(RHC) − I(LHC)
I(RHC) + I(LHC)

, (10)

Ù ¥, Iz(α) ´ Z ¶ � � � 4 z 1 � 4 z ¶ �
\ � > f � � Y �� α � � 4 z 1 � r Ý,

I(RHC) Ú I(LHC) ©O�m^Ú�^�4z1
�rÝ.

>f-E-u�q�f±�>f��/GÏ
~^/Gëê Pl(Pl =

l − w

l + w
, l, w ©O�>f��

�Ý�°Ý) Ú��ëê γ(>f�é¡¶�\�>
f���Y�) 5£ã [10], Pl Ú γ �±d P1, P2

5(½, =
Pl =

√
P 2

1 + P 2
2 , (11)

γ = 0.5 arg(P1 + P2). (12)

-E-u��ëê L⊥ £ã
Ñ�L§¥R�uÑ
�²¡��Äþ=£, �N
^þfU? (±M ) þ
>f��þ!©Ù, L⊥ � P3 �'X�

L⊥ = −P3. (13)

¢�þ, ÏLéþã�'Ônþ�ÿþ�±��>
f - �f-E-u Stokes ëê9Ù-u��f>
f�ü�Ú��ëê, nØ�?nKI�O��õ
4ÚÑ��Ì [35] ?
��þãÔnþ. �éØÛ
­ÅCqek'�õ4!Ñ��Ì±9 Stokes ë
ê�O�©z [36, 37] ®²�Ñ
�[�£ã.

3 (J�?Ø

é u ¥ 5 y � f, Ä � � 1 � - u � ± 9
� - u � � m � Í Ü Ñ ' � r, �
 � Ð / £
ã q �, n Ø O � ¥ I � �[ � Ä > f ' é �
A. L 1 � Ñ 
 O � y � f 3s2 1S0→3s3p 1P1

Ú 3s2 1S0→3s4p 1P1 -E-uL§¥�©�¡
Ú Stokes ëê�)�'é|�, Ó���Ñ
8

L 1 O�y�f 3s2 1S0→3s3p 1P1, 3s4p 1P1 � DCSs, Stokes ëêÀ��'é|�9�'�-uU

U? À��|� �©-uU/eV NIST[39]/eV

3s2 1S0 3s2, 3s4s, 3s5s, 3p2, 3p4p, 0 0

3p5p, 3d2, 4s2, 4p2, 4d2

3s3p 1P1 3s3p, 3s4p, 3s5p, 3p3d, 3p4s, 3p4d, 3p5s, 4.4284 4.3458

3d4p, 4s4p, 4s5p, 4p4d, 4p5s

3s4p 1P1 3s3p, 3s4p, 3s5p, 3p3d, 3p4s, 3p4d, 6.2811 6.1182

3p5s, 3d4p, 4s4p, 4s5p, 4p4d, 4p5s,

3d4f, 3d5p, 4d5p, 3p5d, 4p5d, 3p6s,

4p6s, 5p6s, 3s6p, 4s6p
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c�-uUÚ NIST[38] �¢�êâ. äNO�¥,

�
¼�'�°(�q�Å¼êÚU?, ·�|
^ GRASP92 O�§S� [30], é-E-uÐ!"q
�Å¼ê?1
Õá`z. lL¥�±wÑ, 8c
O��-uU� NIST êâÎÜ��Ð,  �þ�
u 2%.

3.1 3s3p 1P1 ---EEE---uuu���©©©���¡¡¡999 Stokes
ëëëêêê

ã 1(a)—(d) �Ñ
\�>fUþ©O� 10,

20, 40, 60 eV �y�f 3s2 1S0→ 3s3p 1P1 �>f
-E-u�©�¡. �
Bu'�, Ó���Ñ Fil-

ipovic � [17]!Brunger � [39] Ú Brown � [2,3] �¢
�ÿþ(J±9 Zatsarinny � [22] 37 � B �^ R

Ý
 (BSR37), Filipovic � [17]RDW �{±9 Fursa

� [20]109 � CCC109 �O�(J.

Xã 1(a) ¤«, �\�>fUþ� 10 eV �, 8
c�nØ­��¢�êâ [2,17,38] ±9 BSR37[22],

CCC109[20] �nØ(J�Ñ���Czª³Ä�
��. 3�u 60

◦
Ñ����S, 8c(J'¢�

(J�, 
 BSR37, CCC109 �nØ(J%'¢�ê
â�; 3��Ñ����S,·��(JÚ Filipovic

� [17] RDW �(J�¢�(J'�, uy8c�O
��¢�ÿþ�ÎÜ��Ð. ã 1(b), (c) ©O�Ñ

\�>fUþ� 20, 40 eV ���©�¡, �±w
Ñ 20 eV �, 3 70

◦
Ú 150

◦
Ñ��NC�¢�Ún

Ø(JþÑy
ü�²w�4��, 
 40 eV �ü
�4��Ñy3 60

◦
Ú 120

◦
Ñ��NC. é 20 eV

Ú 40 eV ��©�¡
ó, �,ØÓ¢�(J�
m� ���, �¤k�nØ(Jþ?uØÓ¢
�(J�m. �©�O�(J� BSR37, CCC109

�nØ(J3��Ñ���SÎÜ�éÐ, 3�
�Ñ���S%�uþãnØ(J, �� Filipovic

� [17] Ú Brown � [2] ��#¢�(JÎÜ�'�
Ð. ã 1(d) �\�>fUþ� 60 eV ���©�
¡, �±w�: 3�u 70

◦
�Ñ����S, 8c

(J� Filipovic � [17] �¢�(Jäk�Ð�
� � 5; � X Ñ � � � O �, 8 c ( J �©
z [17] õ|�Ä� (MCGS) 'é�.e RDW �
O�(JÄ�­Ü, �ü«nØ(JÑ'¢�ÿþ
(J �.

ã 1 y�f 3s3p 1P1 -u���©�¡ (a)—(d) ©OéA\�>fUþ� 10, 20, 40, 60 eV
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ã 2(a)—(e) � Ñ 
 \ � > f U þ� 20 eV

� 3s2 1S0 → 3s3p 1P1 �-E-u Stokes ëê P1,

P2, P3 ±9£ã>f�/GÚ���ëê Pl, γ

�Ñ��Cz�­�.�
Bu'�, ã¥Ó��
Ñ
 Brown � [2] �¢�(J±9®k� CCC[2],

RM9[2], RDW[24] �{O��(J.

ã 2 (a)—(e) y�f 3s3p 1P1 �� Stokes ëê P1, P2, P3 Úëê Pl, γ

éu�/ Stokes ëê P1, Xã 2(a) ¤«, Ø

3 60

◦
� 80

◦
Ñ���m, 8cO��Ù¦nØ

9¢�(Jk�� ��	, 3Ù¦Ñ��?�
nØ(J�¢�ÿþ��mþÎÜ�'�Ð; é
u Stokes ëê P2, Xã 2(b) ¤«, 3�u 80

◦
Ñ�

���S, ¤knØ(J�mþäk�Ð���5,

¿�¢��ÎÜ�'�Ð, 
Ñ���u 80
◦

��,

�nØ(J�m�3��� �; éu�/ Stokes

ëê P3, Xã 2(c) ¤«, 3��Ñ���S·�
�O�(J�¢�êâ±9Ù¦nØ(JÎÜ�
'�Ð, �3 20

◦
—60

◦
Ñ�����nØ(JÊ

H �u¢�(J; éu/Gëê Pl, Xã 2(d) ¤
«, 3��Ñ��S�­��Czª³Ä���,

Ø 60
◦

Ñ����	, oNþ8cO�(J�¢�
ÿþ(JÎÜ��Ð; ã 2(e) ¥�Ñ
��ëê γ,

�±wÑ3�u 70
◦

Ñ����S, ·��nØ
­��Ñ���CzÌÝ�'Ù¦nØ­���,


 60
◦

Ñ��NC­��â,UC`²��ëê
é�/ Stokes ëê P1, P2 ÎÒ�Cz�~¯a.

3.2 3s4p 1P1 ---EEE---uuu���©©©���¡¡¡999 Stokes
ëëëêêê

ã 3(a)—(d) �Ñ
\�>fUþ©O� 20,

40, 60, 80 eV �, y � f 3s2 1S0→3s4p 1P1 �
> f - E - u�© � ¡, Ó � ã ¥ � � Ñ

 Williams � [15] Ú Predojevic � [18] �¢�ÿ
þ(J±9 Zatsarinny � [22]37 � B �^ R Ý
n
Ø (BSR37) Ú Sharma � [25] RDW nØ�O�(J.

Xã 3(a) ¤«, �\�>fUþ� 20 eV �,
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8c(J�¢�êâ3��Ñ����SÎÜ
�'�Ð, 
Ù¦nØ­�3��Ñ��þ l
¢�(J. ã 3(b), (c) ©O�Ñ
\�>fUþ
� 40, 60 eV ���©�¡, �±wÑ, 8c(J�
± BSR37[22], RDW[25] nØ�O�(JÄ�Î
Ü; 3 60

◦
Ú 120

◦
Ñ��NC, ¢�(JÑy
ü

�4��, �nØO�þ­y
ù�(�, ,
, 3
�u 10

◦
Ñ����, �nØ(JÊH�u¢�

ÿþ�, �ù«¢�ÚnØ�m� �3 60 eV �
' 40 eV ��²w. ã 3(d) �Ñ
\�>fUþ
� 80 eV �·��O�(J, (Üã 3(a), (b), (c) Ø
Juy: ��©�¡3(�þ�N�q, ��X\
�>fUþ�O�, 4�����ÚÑy� �þ
u)
Cz¿¥yÑ�¡Åì~�, ���Ñ�
�£Ä�5Æ5.

ã 4(a)—(e) �Ñ
 20—60 eV Uþ��y�
f�p-u� 3s4p 1P1 � Stokes ëê P1, P2, P3

±9>f��/Gëê Pl Ú��ëê γ. éuù�
-u�, 8cvk�'�¢�ÚnØêâ�ø'�.

�X\�>fUþ�ØäO�, lã 4(a)—(e) �±
wÑ, P1, P2, P3 Ú γ �­�CzÄ���, ÊHk
��Ñ��£Ä�ª³. 20 eV � 60 eV �(J'
�, üö�)/G!4�Ú4� ���O�~²
w, 3ã¥éN´«©, ù«�O3 P3 ¥��. é
u/Gëê Pl, �\�>fUþ� 20 eV �, 3 80

◦

Ú 140
◦

Ñ��NC©OÑy
��é²w��Ú
¸, �X\�>fUþ�O�¸Ú�ÅìC�.

,	, ·� � 5 ¿ � � \ � > f U þ l 30 eV

Cz� 60 eV L§¥, 3 60
◦

Ú 130
◦

Ñ��NC
�Ñy
²w�$�, Ù�\�>fUþ�Cz
¥yÑ
�½�5Æ5. �N
ó, éu-u�
3s4p 1P1, Ù-E-u�'éëê P1, P2, P3, Pl

9 γ 3$U��\�>fUþ�Cz�'pU�
¯a.

ã 3 y�f 3s4p 1P1 -u���©�¡ (a)—(d) ©OéA\�>fUþ� 20, 40, 60, 80 eV
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ã 4 (a)—(e) y�f 3s4p 1P1 -u�� Stokes ëê P1, P2, P3 Úëê Pl, γ

4 ( Ø

�©3Äu��éØÛ­ÅnØ�{�Ä:
þ, |^#uÐ�?n4z>f - �f (lf) -E
-uL§�§S� REIE06, XÚO�
y�fÄ
� 3s2 1S0 �-u� 3s3p 1P1, 3s4p 1P1 ��©�¡
Ú Stokes ëê, ©Û
Ù­�(�¿�¢�êâÚ
Ù¦nØ(J?1
'�. ïÄL²: éuy�f
-u� 3s3p 1P1, 3s4p 1P1 ��©�¡, �\�>f
Uþ�u 40 eV (�� 3s3p 1P1 -uU� 9 �) �,

8c RDW �nØO��¢�ÿþ±9Ù¦nØO
�ÎÜ�'�Ð, 
�u 60 eV (�� 3s3p 1P1 -u
U 13 �) ±�, ¦+nØÚ¢�­�Czª³Ä�
��, ��k3��Ñ���S§�ÎÜ�'�Ð,


3��Ñ���S ���. ù« �I�Ù¦
nØÚ¢�ïÄ?�Úu�; éu-u� 3s3p 1P1,

3s4p 1P1 � Stokes ëê P1, P2, P3 9>f�/GÚ
��ëê Pl, γ, Ù�©Ù�6u\�>fUþ�C
z�'�©�¡¯a��\�>fUþ�O�, ¥
yÑ��Ñ��£Ä�ª³.
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differential cross sections and Stokes
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Abstract

Differential cross sections (DCSs) and Stokes parameters for electron impact excitation of 3s3p 1P1, 3s4p 1P1 states in magnesium

are calculated by using the fully relativistic distorted-wave (RDW) program REIE06. In the calculations, the relativistic effects and

electron correlations are considered systematically. The results are analyzed and compared with available experimental data and

theoretical calculations, and they are in good agreement with each other.
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