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[¥äké­�¿Â. 3È��lfN�¸¥, �

f½lfË�{ZÏLõ«/ªÑy, ØåÐ°´

�­��Ly/ª��. ØåÐ°�ÏÉ�	Ü�

6âf (XÙ¦Óa��f½lf!,��lf

Ú©f±9gd>f) ��^�, UCÚUE�3

u)Ë���f½lf�1Ì(�, �)Ì���

/!¥% �Ú�°. ±�6âf��þÚ$Ä¯

ú��â, ØåÐ°�±{ü/©�ü« [1]. �«

´ÏÉ���þ!$Äú�âf (Ì��>lf)
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)�lfNSÜ�*L§ [2].

¢SA^¥, �¹�êåP>f��é{ü�

f(��a±lf (?3'�p�>lG�) ½±

guË�Ì�~~�^u�lfN��ä. ~X,

3U©!UNÔn¥�� O Ú B a.�9(Ú,


xL(¥�lfNG�, ½öµ�ð(¥�Ë

�Ñ$, ±�Ì�¬ékA^d� [3]. 3.5�å

àC¥, �
ïÄS�u)�q�SÜÔnG�

Ú�lfNG�ëþ, Ï~3q�S�\�þ�

«lÔ��½1, ïÄL²3ù«4àp§Úp�

^�e��½1�lf©Ù  ±a±lf�Ì,

�TlfguË��)���Ì�9Ù��~~

^u�äïÄ [4,5].
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>f-EÐ°Ø=´©ÛÚïÄ°(1Ì�

Ä:, 
�3�lfN1Ì©Û!1Ì�äÚØß

²ÝO�¥äk­��y¢¿Â [10]. �©|^Û

­ÅCq§S UCL O�Ñ�Ý
, ?
O�äk

* I[g,�ÆÄ7 (1OÒ: 10675052)]Ï��K.

† E-mail: duanbin@iapcm.ac.cn

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

043204-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 043204

�êåP>f���'Ì��>f-EÐ°Ú 

£, ¿�ïÄùü�Ì�ëê��lfN�§ÝÚ

�ÝCz5Æ.
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2.1 nnnØØØ���{{{

3gd>f�qlfu)-EL§¥, �ql

fd�>� Z ��fØÚ N �åP>f|¤, �

Tlf�ü��*G�©O^�eI� X L«,

=u)Ë��¤�9��G�©OP� a(þU?)

Ú b(eU?). �fXÚ3ùü�U?�mÏó4

�[u)gu�Ë�[ b → a, =

Xb → Xa + ~ω. (1)

du�f±��3�þ��*âf, §���©

�üa. �a´��þ!$Äú�âf, X��3

u)Ë��Óalf!Ù¦��fÚlf. ,�

a, �þ�Ú$Ä¯��þgd>f. ù
âf�

�3¬K�X�3u)Ë���f, =¥äguË

�u), ½UC�fg��U?±BUCÙÌ��

 �. �â HoopernØ, c�aâfK�����

3�½�§ÝÚ�Ý^�ek�½VÇ©Ù�·

>>|5K�X�3u)Ë��f, �UCXÙË

�Ì� [11,12]. éuù�¡�ïÄ, ·��K|�

±c��L, ùpØ2­ã [13]. 'ugd>f�

K�, 1958c, 3�Ä�gd>f�Ë��f�ü

g-E�mm���uzg-E�m�b�e, ï

Äö Barangeræ^-ECq [14], O�ÑË�Ì�

´ Lorentz�/¼ê [10], =

φω = (γ/π)/[(ω + x − ω0)
2 + γ2], (2)

Ù¥Ì�¥% � ω0 = Eb − Ea(Eb, Ea ´þU

?ÚeU?) ±9Ì�� £ x Ú�p° 2γ. ?

�ÚïÄuyÌ�� £ÚÐ°©O�Ñ��Ì

�JÜÚ¢Ük'. 3¦�ó�Ä:þ, Barnes[7]

Ú Seaton[10] �ü�ïÄ|�ïÄL²3b�gd

>f©Ù¼ê�À�[ù©Ù^�e, Ì�ëê x

Ú γ dúª

γ + ix = αN e

∫

∞

0

T−3/2 exp(−ε/T )Ω(ε)dε (3)

� Ñ. Ù ¥ ~ X ê α = 2.876 × 10−23, ü 

´ eV·cm3. >f§Ý T Ú>fUþ ε = k2 ± Ry

�ü . N e ´>f�Ý, ü �zá�f�. 
©

z [14] �Ñ-ErÝ Ω(ε)�

Ω(ε) =(2SA + 1)−1
∑

S

∑

LL′ΠΠ′

∑

ll′

(2S + 1)

× (2L + 1)(2L′ + 1)







La Lb 1

L′ L l







×







La Lb 1

L′ L l′







[δll′ − Sa(ESLΠ, l, l′)

× S∗

b (E′SLΠ ′, l, l′)], (4)

Ù¥, La Ú Lb ´�*� a Ú b ¤éANX Xa

Ú Xb �;��Äþþfê, SA ´ Xa Ú Xb �

g^þfê (Ï�>ó4Ë��[ØUCË��

f�þ!eU?�g^�Äþ). Sa(ESLΠ, l, l′)

´ Ñ � Ý 
, S∗

b (ESLΠ, l, l′) Ñ � Ý 
 � E �

Ý.Sa(ESLΠ, l, l′) éAuqlf?3eU? a �

>fÑ�L§

Xa + e(ε, l) → Xa + e(ε, l′), (5)

Ù¥ ε ´gd>fUþ, l Ú l′ ´§3Ñ�c��

©Å�Äþþfê (eÓ). 3ù�Ñ�L§¥Ø�

NX�oUþ E = Ea + ε Åð, 
�NX�og

^!o�ÄþÚo�¡�Åð, ©OIP� S, L

Ú Π. Ñ�Ý
 Sb(E
′SL′Π ′, l, l′) éAuqlf?

3þU? b �>fÑ�L§

Xb + e(ε, l) → Xb + e(ε, l′), (6)

3ù�L§¥NX�Uþ E = Eb +ε = Ea +ε+ω

Åð, §�og^!o�ÄþÚo�¡�Åð, ©

OP� S, L′ Ú Π ′.

2.2 ÑÑÑ���ÝÝÝ




3gd>f�qlf�-EL§¥, §�|¤

�EÜNX�og^ S!o�Äþ L Ú�¡ Π Ñ

´Åðþ. ©zòù�� N + 1 �>f, �äk�

½é¡5 S, L Ú Π �EÜNXÅ¼ê�� [15]

Ψk = ΘΦN
i XFi +

∑

j

ck,jφ
N+1
j , (7)

Ù¥, ΦN
i ´qlf� N �åP>fÅ¼ê. §÷

vü�>f�m����é¡5. Fi ´NX¥ë

�-E�gd>f»�Å¼ê, §�qlfÅ¼

ê φN
i ÏLÜ·��Xê X ÍÜ3�å, �¤Å

¼ê Ψk ¥�gdÏ�Ü©. Θ ´ N + 1 �>f

�m��é¡�Î, §¦gdÏ�¥¤k>f�m

÷v���é¡5. φN+1
i ´ N + 1 åP>f�Å

¼ê, �LÅ¼ê Ψk ¥�åP>fÜ©. §´Ï
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�3�EÅ¼ê�, �ë�-E�gd>f©Å�

Äþþfê�qlf¥�,�åP>f�;��

Äþ�Ó�, �ö7L��5�)�. ©z¥�Ñ

ù«���±��A��z¢y, 
Xê ck,j d�

� (Kohn)�¼�n¦Ñ [15].

Äu�½-Eé¡5 SLΠ �Å¼ê Ψk, �A

Ý
½Â� [15]

Kkk′ = −〈Ψk|H − E|Ψk′〉, (8)

l½ÂwÑ K ´¢é¡Ý
. §�Ñ�Ý
 S �

'X�

S =
1 + iK

1 − iK
. (9)

2.3 êêê���OOO������{{{

�©|^Ôínó�ÆuÙ� UCL Û­Å

CqO�§SO��AÝ
 K [16]. ù�§S�

¹ COLALG Ú DWMODS ü�Ì��¬. cöÌ

�O�-EXÚ���ÍÜXê (�)gdÚåP

Ü©), �öÌ�¢yO�gd>f�»�Å¼ê,

�)�£!�AÝ
 K �Ônþ. UCL §S�õ

U´3 LS ÍÜeO�gd>f�-u��f½l

f�-ErÝ��AÝ
�. 3�9��f(��

O��, z�«;�éA�»�Å¼êÑ´3Û­

ÅCqe¥%³|�), 
�gd>f�©Å»�

Å¼ê�Ø~	.

3�©� UCL §SÄ:þ, ·�é§S¥Ñ

\k¤éA�Ü©?1?U, ±BU
�Ð/O�

¤I�-EXÚ SLΠ, ?
¢y�Ù�'�-E

rÝ. d	, éO�Ï�Å¼ê¤éA�Ü©�?

1
?U, Ù8�´¦§SX­O�-ErÝ (4)

¤'5�Ï�Å¼ê.

�
ïÄ�¹�êåP>f, �?3'�pl

z��lfË�Ì�3�lfN�¸e�>f§

ÝÚ>f�Ý�Cz5Æ, �©±a�!a±�

� α Ú β ��~, é§��>f-EÐ°Ú £

?1O�. du-E¥qlf�e!þU?�;�

�Äþþfê La = 0, Lb = 1, l
-ErÝ (4)

ª¥ü� 6J ÎÜ
{

La Lb 1
L′ L l

}

Ú
{

La Lb 1
L′ L l′

}

��3

¦�¤�9���Äþ�þfê�mØÕá, �

Ò´3gd>f©Åê l ±9 L Ú L′(þeU?

¤éA�Ñ�NX�ÄþNX) �)��: l = L,

l − 1 6 L′ 6 l + 1, Ïd3¢SO��I�À�·

�� l =�.

0 300 600 900
0.0

0.9

1.8

2.7

0 200 400 600 800 1000
0

2

4

6

8

0 200 400 600 800 1000
0.0

0.5

1.0

1.5

2.0

2.5

0 200 400 600 800 1000
0

2

4

6

8

 Re W 
 Im W  

 Re W 
 Im W   B

 C

 Re W 
 Im W  (a) (b)

Ω
Ω

Ω
Ω

ε/Ry ε/Ry

ε/Ry ε/Ry

(c) (d)
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3 O�(JÚ?Ø

c¡?Øw�·�, Ï�gd>fu)-E

�, a�!a±�lf�Ë�Ì��U¬u)U

C, =UCXÌ�Ð°Ú £. �
O�§�, �

K�¦�ÄÄ�-EL§ (5) Ú (6) ¥z�äNL

§, ¿�O�Ñ§�éA�Ñ�Ý
. ùÒ�¦°

(/O�z��-EL§¥qlf��*G�, =

Ï�Å¼ê (7) ¥gdÏ�ÚåPÏ�. �d, 3

O�-E�fXÚ��*G��, I�ÒäN¯

KÀJÐz�ÔnNX�ë�|�. ØL, du�

©ïÄ�-EXÚ�AÏ5, äN/`, O�¥I

�O���fNX|�©OXe. O�a��l

f�Ù>f|� 1s,2s,2p,2s,3s,3p,3d,4s.
O�a

±�lf�Ù>f�|� 1s2,1s2s,1s2p,1s3s,1s3p,

1s3d,2s2p,2s3s,2s3p.O�-EL§¥gd>f©Å

ê��©Å lmax 6 10. ��, éÄ��-EL§ (5)

Ú (6) ¥, \�gd>f�Uþ (Ry�ü ) ?1Ñ

:, ε = 1.0, 2.5, 13, 23, 33, 43, 53, 63, 73, 83, 93, 103,

113, 123, 133, 143, 153,163, 173, 183, 1, 93, 203, 213,

223, 233, 243,253, 263, 273, 283, 293, 303, 313, 323,

333, 343, 353, 363, 373, 383, 393, 403, 423, 453, 493,

553, 623, 703, 793, 893, 903, 1103, 1303.

Äu-ErÝ�O�úª (4), |^gd>f

÷vð�d�©Ù�, �±?ØPk�êåP>f,

�?3'�plz��lfË�Ì��>f§Ý

Ú�Ý�Cz5Æ. X3>f§Ý T e = 1000 eV,

>f�Ý N e = 1024 cm−3 �, a��� α Ú β �

Ð°©O´ 0.2 eV,1.12 eV,a±�� α Ú β �Ð°

©O´ 0.42, 1.3 eV.

l ã 1 w � - E r Ý ��g d > f U

þ ε Ø ´ 1 w ¼ ê, ù ´ Ï�3 ù 
 m ä

: ?, g d > f � - E q l f (? 3) - E

� u ) � � y �. ©z ï Ä L ² p p � Ë �

� � y � u ) 3 q l f - u � � � N C,

§�éAuEÜNX (7) ¥�1�Ðmª¥�

� [17], Ï�§�±w�qlfNX�"Uþgd

>f|¤�ÎÜNX. ~X, �a��� α ���

�'�-ErÝ¢Ü ReΩ 3 ε ≈ 45, 243, 288(Ry)

?a�.
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[3] Dimitrijevic M S , Sahal-Bréhot S 1984Astron. Astrophys. 136

289

[4] Duan B, Wu Z Q, Wang J G 2009Science in China G 39 43 (in

Chinese)[ãR,ÇL�,�ïI 2009¥I�Æ G 39 43]

[5] Duan B, Wu Z Q, Wang J G 2009Science in China G 39 241 (in

Chinese) [ãR,ÇL�,�ïI 2009¥I�Æ G 39 241]

[6] Griem H R, Baranger M, Kolb A C, Oertel G 1962Phys. Rev. 125

177

[7] Barnes K S, Peach G 1970J. Phys. B 3 350

[8] Zhao Z X, Yuan J M, Sun Y S 1999Chin. Phys. Lett. 16 885

[9] Calisti A, Stamm R, Talin B 1988Phys. Rev. A 38 4883

[10] Seaton M J 1987J. Phys. B 20 6431

[11] Hooper C F Jr 1966Phys. Rev. 149 77

[12] O’Brien J T, Hooper C F Jr 1972Phys. Rev. A 5 867

[13] Duan B, Wu Z Q, Yan J, Li Y M, Wang J G 2006J. Atom. Mol.

Phys. 23 73 (in Chines)[ãR, ÇL�, ô�, o�², �ïI

2006 �f�©fÔnÆ� 23 73]

[14] Baranger M 1958Phys. Rev. 111 494,112 855

[15] Eissner W, Seaton M J 1972J. Phys. B 5 2187

[16] Eissner W 1998Comput. Phys. Commun. 114 295

[17] Berrington K A, Burke P G, Dufton P L, Kington A E 1977J.

Phys. B 8 1465

043204-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 043204

Electron broadening of the resonance
lines of Ar+17 and Ar+16 ∗

Duan Bin† Wu Ze-Qing Yan Jun Li Yue-Ming Wang Jian-Guo

( Institute of Applied Physics and Computational Mathmatics, Beijing 100088, China )

( Received 28 November 2010; revised manuscript received 20March 2011 )

Abstract

With the revised UCL wave code, the reactance matrix can be calculated when an electron impacts on an ion, so that the scattering

matrix and the collision strength are calculated. With the collision strength, the electron broadening of the resonance line is studied.

Specifically, the widths and the shifts of resonance lines emitted from Ar+17 andAr+16 are calculated under the different values of

electron temperature and electron density.
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