
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 193101

aaaCCC���>>>fffXXX���lllfffÄÄÄ������VVV>>>fffEEEÜÜÜ
���ÇÇÇXXXêêêïïïÄÄÄ*

ï¬† �r Üï²

( Wì��Æ�Ôn�>fó§Æ�, Wì 614004 )

( 2012 c 1 � 11 FÂ�; 2012 c 4 � 5 FÂ�?Uv )

¦^��éØ|��p�^�{, U? - U?[�O�
 0.1EI 6 kT e 6 10EI (EI ´a?lfÄ��1�
>lU) §Ý��SaClfÄ�V>fEÜ (DR) �ÇXê, V-ug>lU?�Ä
 (2s2p)73ln′l′, (2s2p)74l4l′

±9 (2s2p)74l5l′ |�. éu (2s2p)73ln′l′ V-ug>l|�, ;��þfê l′ > 8 � (2s2p)73ln′l′ V-ug>
l�éV>fEÜ�ÇXê��z�±�ÑØO; (2s2p)73ln′l′ V-ug>l|��pp���éV>fEÜ
�ÇXê��z÷v n′−3 |� - |�	í{, ¿�Ø>Öê��, ªu n′−3 IÝ� n′ ���; é[�U?O
����aClfÄ��o DR �ÇXê?1
[Ü, ��aClfÄ��o DR �ÇXê�Ø>Öê Z Ú
>f§ÝCz�²�úª, T[Üúª�[�O�(J� �3 2%±S, U�O(�O�?¿Ø>Öê Z �
aClf3 0.1EI 6 kT e 6 10EI >f§Ý��� DR �ÇXê. Burgess-Merts(BM) CqúªØ·^u��$
§ (kT e < 0.3EI) aClf� DR �ÇXê, 3p§ (kT e > 2EI) �, aClf� DR �ÇXê�±^ BM Cqúª
L«.

'�c: �éØ|��p�^, V>fEÜ, aClf, �ÇXê

PACS: 31.30.Jv, 31.25.Eb, 32.80.Hd, 34.50.Fa

1 Ú ó

V>fEÜ (dielectronic recombination, DR) L
§é¥p>f§Ý!¥$>f�Ý�lfN¥ï
áÚ�±9�lfN�>l²ï±9lf-u�
ÙØå��^. 8c9ØàC¢�æ (ITER) Ú
.5�åØàC (ICF) �§ÝU��A� keV, 3
ù«p§�lfN¥, lfõ?uplz�, X~
^u ITER o¡á��¾lfõ?uaC>lÝN
C, �� ICF qá��7lfÙaClf�´Ý�
ép. ,	, �X¢�©EÇ�Jp, þV 90
c� Kanpp �k�¦^>fålf² (electron
beam ion traps, EBIT) ¢�C�ÿ�
aC Xe44+,
Au69+ lf� LMM V>fEÜL§ [1−3]. 2009 c,
Biedermann �3 Berlin EBIT þÿ�
aC W64+

� LMn (n = 3, · · · , 10) V>fEÜ��rÝ [4],

2007 c Watanabe �¦^ Tokyo EBIT, ïÄ
 1.5
keV � 14 keV ��Uþ���aC¾lfV>f
EÜ X -11Ì [5]. ÏL¦)�Ç�§5(½�l
fN�lfÙØI���fL§O(��ÇXê,
V>fEÜL§´Ù¥Ì���fL§��. ÏL
éaC�>fX�lfV>fEÜ�ÇXê�X
ÚïÄ, �«V>fEÜL§�ÔnÅn, �\[
�/Ýº�«ÔnÏ�éV>fEÜ�ÇXê�
K�, ��lfN�äJø{ü´^�äk�½°
(Ý�V>fEÜ�ÇXê)Ûúª´7��. �
©U Au69+, W64+ lfÄ�V>fEÜL§�[
�U?O� [6,7], XÚïÄØ>Öê 18 6 Z 6 92
�aC�>fX�lfÄ��V>fEÜL§.

2 nØ�{�O�L§

3�á��ÚÕáL§Cqe, V>fEÜ�

* oA���e�8 (1OÒ: 10ZC109)!Wì��Æ��8 (1OÒ: Z1165) ÚoA��Ee�8 (1OÒ: 2011JYZ005) ]Ï��K.

† E-mail: yjh20021220@126.com

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

193101-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 193101

±L«�üÚ. 1�Ú, ÏLÐ¼��gd>f, Ó
�-u��åP>f/¤��V-ug>l��
EÜlf, =g>l�_L§; 1�Ú, lV-ug
>l�ÏLË�Pò�Ø�2g>l�K�¤V
>fEÜL§, aClfÄ��V>fEÜL§�
±L«�

Aq+(2s22p6, i) + e

→A(q−1)+((2s2p)7nln′l′, j)

→A(q−1)+(2s22p
6
n′′l′′, k) + hv. (1)

� © O � ¥ V - u g > l � � ) (2s2p)73ln′l′,
(2s2p)74l4l′ ±9 (2s2p)74l5l′, (2s2p)7 L« n = 2
��k��� ; U? i ÏLU? j �?¿U? k

��ÇXê�

αDR
ij (kT e) = βDC

ij (kT e)Br
j , (2)

Ù¥ βDC
ij , Br

j ©O´lU? i �U? j �V>fÐ
¼�ÇXêÚU? j ÏLË�Pò�?¿$ug
>lU?�Ë�PòVÇ,

βDC
ij (kT e) =

h3

(2πmkT e)3/2

gj

2gi
Aa

ji e−Eij/kT e , (3)

Br
j =

∑
k

Ar
jk +

∑
j′>i

Ar
jj′Br

j′∑
i′

Aa
ji′ +

∑
k

Ar
jk +

∑
j′

Ar
jj′

, (4)

Ù¥
∑
i′

Aa
ji′ ´la?V-ug>lU? j �¤k

aCU? i′ #N�g>l�ÇXê, =� (2s2p)73l

Ú 2s22p6 |��g>l�Ç;
∑
k

Ar
jk L«la?V

-ug>lU? j �¤kV-u�g>lU?Ú
¤kü-uU?�Ë�ò-uVÇ; Ar

jj′ L«la
?V-ug>lU? j �V-ug>lU? j′ �
guË��[VÇ.

Ë�?é�AéaClf�ÇXê��z
�u 5%, Ø�$�V-ug>l� (2s2p)73l3l′

Ú (2s2p)73l4l′, Ù{p|��Ë�?é�A�±�
ÑØO [6]. �ÑË�?é�A, KË�©|' Br

j

�±L«�

Br
j =

∑
k

Ar
jk∑

i′
Aa

ji′ +
∑
k

Ar
jk

. (5)

é¤kÏLU? j ��ÇXê¦Ú��Ä�aC
U? 2s22p6 �o�ÇXê,

αDR
i (kT e) =

∑
j

αDR
ij (kT e). (6)

V - u g > l � � g > l " � U ? � Ä

aCÄ� 2s22p6 Ú-u� (2s2p)73l U?, é
a C 2s22p6, (2s2p)73l g > l U ? � O � � Ä

 2s22p6, (2s2p)73l Ú (2s2p)74l |��m¤k�U
�|��'. éu¤�Ä�a?V-ug>lU?,
�Ä
�ÓÌþfê|��m��p�^, ~Xé
u�½ n′ � (2s2p)73ln′l′ V-ug>l�, �Ä

¤k (2s2p)73ln′l′ |��m��p�^. ÏL Breit
�p�^�Ä
p�þf>Ä�A, gUÚý�
4z¦^a�Cq. �'�f(�êâ (�)U
?, g>lVÇ, Ë��[VÇ) �O�þ¦^�é
Ø|��p�^�{� FAC §S (flexible atomic
code)[8−10], ëY�¦^ÛÅ�{, T§S2�¦
^uïÄE,lf� DR L§ [6,11−13]. éu�Ð
¼>f?upp�ËV-u|� (2s2p)73ln′l′ ��
z¦^ n′−3 IÝ5Æ	í, §´Äupp�Ë�
g>lU?�g>l�ÇÚË��Ç�Ì n′−3 I
Ý5Æ, (2s2p)73ln′l′ V-u|�� DR �ÇXêL
«�

∞∑
n′=3

αDR(n′) =
ns∑

n′=3

αDR(n′)

+
∞∑

n′=ns+1

(
n′

ns

)−3

αDR(ns). (7)

3 (J�?Ø

ÄkÀ��Ê�aC�>fX�lf Ar8+,
Ca10+, Fe16+, Zn20+, Kr26+, Mo32+, Ag37+, Sn40+,
Xe44+, Sm52+, Dy56+, Yb60+, Au69+, At75+, U82+

?1
[��U? - U?O�, ?Ø
 DR �ÇX
ê��Ð¼>f�;��Äþþfê l′, Ìþf
ê n′ ±9Ø>Öê Z �Cz5Æ. �Ñ[�O�
����aClfÄ� DR �ÇXê�[Ü, ��

�ÇXê�Ø>ÖêÚ>f§ÝCz�²�ú
ª. �
�y²�úª���5, [�O�
n�
�ë�[Ü�aCÄ�lf Y29+, Pr49+ Ú W64+

� DR �ÇXê, ¿�cã[Ü�?1
'�. V
>fEÜL§�CqO��, ¦^'�2��´�
²� BM(Burgess-Merts) Cqúª [14,15], �
µd
�²� BM Cqúª3aC�>fX�lf DR
�ÇXêO��·^5, '�
�ó�[ÜO��
��ØÓlf�(J� BM CqúªO����
êâ. �©¥>f§Ýü �a?lfÄ��1�
>lU EI.
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3.1 DR ���ÇÇÇXXXêêê��� n′, l′, Z ���CCCzzz555ÆÆÆ

À� Fe16+, Mo32+, U82+ n«aClf, �	
ÏL (2s2p)73ln′l′ V-ug>l���ÇXê�Ð
¼>f�;��þfê l′ ÚÌþfê n′ �Cz'
X. ã 1 �ÑÏLV-ug>l� (2s2p)73l12l′ 3
>f§Ý� EI (EI ´�Aa?lfÄ��1�>
lU) ���ÇXê�Ð¼>f�;��þfê l′

�Cz'X. ã 2 �ÑV-ug>l� (2s2p)73ln′l′

3>f§Ý� EI ���ÇXê�Ð¼>f�Ìþ
fê n′ �Cz'X.
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ã 1 >f§Ý� EI �, Fe16+, Mo32+, U82+ lfÏL
V-ug>l� (2s2p)73l12l′ � DR �ÇXê�Ð¼>
f;��þfê l′ �Cz'X

>f§Ý� EI �, Fe16+, Mo32+, U82+ lf
ÏLV-ug>l� (2s2p)73l12l′ � DR �ÇX
ê Ñ 3 Ð ¼ > f � ; � � þ f ê l′ = 2 � �
����; � l′ > 2 ��X l′ �O\�ÇXê
× � e ü. ± Fe16+ � ~, l′ = 2 � � � Ç X
ê´ 1.95 × 10−13 cm3·s−1,  l′ = 8 ���Ç
Xê=� 4.35 × 10−18 cm3·s−1. Ù¦V-ug
> l � (2s2p)73ln′l′ (n′ 6= 12) � DR � Ç X ê
� l′ �Cz�V-ug>l� (2s2p)73l12l′ � DR
�ÇXê� l′ �Czäk�Ó5Æ. V-ug
> l � (2s2p)73ln′l′ � DR � Ç X ê l l′ = 0
� l′ = 2 þ,�Ì��Ï´�m
#�g>l
Ï�; l l′ = 2 m© DR �ÇXê�X l′ �O\
×�eü��Ï´g>lVÇ� l′ �O\×�
eü.

ã 2 ¥, :´�©�[�U? - U?O�(J,
:�:�m�ë�´�
�B*	��, J�
´ n′−3 IÝ5Æ. �±wÑ, Fe16+, Mo32+, U82+ l
f�X n′ �O\ÏLV-ug>l� (2s2p)73ln′l′

��ÇXêÑª� n′−3 IÝ5Æ, Fe16+, Mo32+,

U82+ lf©O3 n′ = 15, n′ = 13, n′ = 10 �
m©ª�u n′−3 IÝ5Æ. lã 2 �±��ü
:(Ø, 1�, aClfÄ�ÏLV-ug>l
� (2s2p)73ln′l′ ��ÇXê3�½Ð¼>f�Ìþ
fê�Ñòªu n′−3 IÝ5Æ; 1�, �XØ>Ö
ê�O\, ªu n′−3 IÝ5Æ� n′ ��5��.
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ã 2 >f§Ý� EI �, Fe16+, Mo32+, U82+ lfÏL
V-ug>l� (2s2p)73ln′l′ � DR �ÇXê�Ð¼>f
Ìþfê n′ �Cz'X

>l�Ç Aa
ji ÷v n′−3 IÝ5Æ, 3p Ry-

dberg V-ug>l��¹e, V>fÐ¼�Ç
Xê βDC

ij (kT e) �÷v n′−3 IÝ5Æ, DR �Ç
Xê αDR

ij (kT e) ´Ä÷v n′−3 IÝ5ÆK�û
uË�©|' Br

j ´Ä��~ê. éØ�ÄË
�?é�A�Ë�©|' Br

j (5) ª¥�Ë�P
òVÇ

∑
k

Ar
jk �±?�Ú©�üÜ©, Ù�´

ÏLV-ug>l��S��ò-u�$ü>
lU?, ^

∑
k

Ar,1
jk L« (X 2p53ln′l′ → 2p6n′l′),

é u p Rydberg V - u g > l �,
∑
k

Ar,1
jk � ±

Cqw�~ê; Ù�´ÏLV-ug>l��
	 � � ò - u � $ ü > l U ?, ^

∑
k

Ar,2
jk L

« (X 2p53ln′l′ → 2p63l), éup Rydberg V-
ug>l�,

∑
k

Ar,2
jk �éu

∑
k

Ar,1
jk �±�ÑØO,

¤±éup Rydberg V-ug>l�, Ë�©|
' Br

j ªu~ê. ,	, �XØ>Öê�O\, ª
u n′−3 IÝ5Æ� n′ ��5��, ÄÙ�Ï´g
>lVÇ�Ø>Öê Z �Czé�, Ë�ò-u
VÇ� Z �O\×�O�, ¦�V-ug>l��
Ë�PòVÇ�g>lVÇ�'��5��, lË
�©|'�úª�±wÑ, Ë�ò-uVÇ�g>
lVÇ�'���, K¦�Ë�©|'�~ê� n′

���. �©éV-ug>l� (2s2p)73ln′l′, Ú�
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�Ä� n′ 6 18, l′ 6 8 �V>f-ug>l�, é
pu n′ > 18 �V>f-ug>l�é�ÇXê�
�z¦^ n′−3 |� - |�IÝCq.

3.2 aaa CCC ��� >>> fff XXX ��� lll fff DR ��� ÇÇÇ XXX
êêê[[[ÜÜÜ

¦^�éØ|��p�^�{©Oé�Ê�
aC�>fX�lf Ar8+, Ca10+, Fe16+, Zn20+,
Kr26+, Mo32+, Ag37+, Sn40+, Xe44+, Sm52+, Dy56+,
Yb60+, Au69+, At75+, U82+ � DR �ÇXê�
[

�O�, ò DR �ÇXêÐm¤±e�ê¼ê¦Ú
�/ª:

αDR
i (kT e) = τ−1.5

3∑
t=1

exp(At − Bt/τ), (8)

Ù¥ τ =
kT e

EI
.

L 1 �Ñ Ar8+, Ca10+, Fe16+, Zn20+, Kr26+,
Mo32+, Ag37+, Sn40+, Xe44+, Sm52+, Dy56+, Yb60+,
Au69+, At75+, U82+ �Ê�lf� DR �ÇXê
U (8) ª[Ü�ëê�.

L 1 aC�>fX�lf� DR o�ÇXê[Üëê

A1 B1 A2 B2 A3 B3

Ar8+ −26.73343 0.95238 −24.30067 1.41982 −23.52406 1.96057

Ca10+ −25.95835 0.87805 −24.14948 1.30983 −23.32714 1.80249

Fe16+ −25.42222 0.69560 −24.06291 1.12282 −23.25401 1.54765

Zn20+ −25.21564 0.62388 −24.13258 1.03714 −23.38671 1.45431

Kr26+ −25.04809 0.54827 −24.33213 0.94260 −23.69644 1.36184

Mo32+ −25.17759 0.49619 −24.56008 0.88944 −24.05336 1.30893

Ag37+ −25.24866 0.46666 −24.76375 0.85038 −24.33046 1.27555

Sn40+ −25.35908 0.44989 −24.88654 0.82982 −24.47630 1.25891

Xe44+ −25.48312 0.42757 −25.05659 0.79793 −24.66792 1.23775

Sm52+ −25.89493 0.39397 −25.38915 0.75113 −25.02081 1.20807

Dy56+ −26.07858 0.37678 −25.51829 0.73469 −25.20526 1.19611

Yb60+ −26.21847 0.36275 −25.63935 0.71079 −25.38522 1.18575

Au69+ −26.67782 0.32589 −25.92487 0.67225 −25.71052 1.16795

At75+ −26.97977 0.30119 −26.10830 0.64879 −25.94541 1.15585

U82+ −27.33801 0.26996 −26.35507 0.61926 −26.19827 1.14694

[Ü���í�²�´ 7.82461×10−29 (Kr26+

lf), Adj. R2 û½Xêþ� 1, dd`²[Ü(J
´���, [ÜúªUý¢�AaClf DR �Ç
Xê��z§Ý�Cz'X, Ø���3 2%±S.

Ï L � E ' �, ò ë ê At, Bt � l f d r

(r = Z − 10) [Ü¤±e/ª��Ü·:

At =
3∑

j=−3

Atjr
j , Bt =

2∑
j=−3

Btjr
j . (9)

[Ü�ëê�uL 2 ÚL 3.
ã 3 Úã 4 ¥©O�Ñ
ëê At, Bt �lf

d r �Cz'X, :´ëê At, Bt ��, �´

U (9) ª[Ü�(J, [Üëê�L 2, L 3.

L 2 � â (9) ª [ Ü At � [ Ü ë ê (Ù ¥ a[b] L
« a × 10b)

j A1j A2j A3j

j = −3 −9047.01828 −1916.77838 772.09955

j = −2 2638.12782 671.97154 −190.58359

j = −1 −301.49630 −98.28038 −3.06666

j = 0 −10.20546 −17.21441 −20.70024

j = 1 −0.32007 −0.21124 −0.13096

j = 2 0.00273 0.00214 0.00126

j = 3 −1.07670[−5] −9.24240[−6] −5.78464[−6]
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L 3 � â (9) ª [ Ü Bt � [ Ü ë ê (Ù ¥ a[b] L
« a × 10b)

j B1j B2j B3j

j = −3 −74.07517 134.48445 16.17323

j = −2 −8.84814 −50.26127 −13.27374

j = −1 7.91490 10.40579 8.64563

j = 0 0.23302 0.64963 1.05735

j = 1 0.00188 −9.57272[−4] −2.35460[−4]

j = 2 −3.15172[−5] −1.07085[−5] 7.27760[−7]

r
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ã 3 ëê At 9U (9) ª[Ü���lfd r �Cz
'X

r
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B

B
t

ã 4 ëê Bt 9U (9) ª[Ü���lfd r �Cz
'X

lã 3 Úã 4 �±�ß�wÑ, U (9) ªUO
(�O�ØÓlfd r �ëê At Ú Bt. ¦^L 2
ÚL 3 [Üëê�±�B�[ÜÑ?¿Ø>Ö
ê Z �ëê At, Bt �, 2ò[ÜÑ5� At, Bt �
�\ (8) ªÒU��l Ar (Z = 18) � U (Z = 92)
?¿Ø>Öê Z �aClf3?¿�z§Ý τ

� DR o�ÇXê.

3.3 °°°(((OOO������aaaCCClllfff DR ���ÇÇÇXXXêêê���
[[[ÜÜÜ������'''���

|^[ÜúªO�
�l�aClfÄ�3
>f§Ý� 0.1EI, 0.3EI, 1.0EI, 3EI, 8EI, 10EI �
� DR o�ÇXê, U? - U?[�O�(J��
uL 4 ¥, L¥1��´�Alf�a?lfÄ�
�>lU.

L 4 '�
ë�[Ü�[�U? - U?O�
����Ê�aClf� DR �ÇXêÚ�A�
d (8) Ú (9) ª�Ñ� DR �ÇXê[Ü�, uy
3 0.1EI 6 kT e 6 2EI §Ý��S, [Ü��°
(O��� ��u 2%, 3 2EI 6 kT e 6 10EI

§Ý��S�Ü©[Ü�Ú°(O��� �
3 0.5%±S. ,	, L 4 ¥Ó��Ñ
vkë�[
Ü� Y29+, Pr49+, W64+ n�lfd (8) Ú (9) ª[
Ü��� DR o�ÇXê9�A�U? - U?[�
O�(J. 3 0.1EI 6 kT e 6 2EI §Ý��S, [
Ü���ë�[Ü�°(O��� ��u 2%,
3 2EI 6 kT e 6 10EI §Ý��S, [Ü���ë
�[Ü�°(O��� �3 1%±S. dd�±
wÑ, (8) Ú (9) ª�±��°(�£ãaC�>f
Xlf� DR �ÇXê.

V>fEÜL§CqO��, ¦^'�2��
´�²� BM(Burgess-Merts) Cqúª [14,15]. BM
Cqúª´Äu|�²þCq, òqlfÏL,
�V-u�X�éV>fEÜ��rÝ��z�
qlf�A��-uáÂ�frÝ|^a�Cq
'é��, �©�Ä
 2s22p6—(2s2p)73l >ó4�
[, ã 5 �Ñ¦^ (8) Ú (9) ª[Ü� Y29+, Pr49+,
W64+ lf� DR o�ÇXê, ±9¦^ BM Cq
úª���(J, Ó��Ñ Behar �[�U? - U
?O�� W64+ o DR �ÇXê(J±9[Ü
� [16], Ù¥¢�´¦^ (8) Ú (9) ª[Ü�aCl
f DR o�ÇXê, J�´ BM Cq, áy�´ Be-
har �[�U? - U?O�� W64+DR o�ÇXê,
±9�â (8) ª[ÜaC W64+ �[Ü�, [Ü
ëê�©z [16].

¦^ (8) Ú (9) ª[Ü�aC W64+ lf DR �
ÇXê� Behar �[�O�� W64+ lf DR �Ç
Xê, ±9 Behar �[Ü�aC W64+ lf DR �Ç
Xê3��§Ý��S� �Ø�L 3%, Behar �
�[Ü��Ù°[O��3 0.1EI 6 kT e 6 10EI

§Ý�� �Ø�L 2%. ¦^ (8) Ú (9) ª[Ü�
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L 4 ¦^[Üúª���aClf3ØÓ§Ýe� DR �ÇXê (Ù¥þI a), b) L«�A�U? - U?[�O�(J, a)
aêâë�
[ÜL§, b) aêâvkë�[ÜL§, x[y] L« x × 10y , ü : cm3·s−1)

EI/eV
kT e

0.1EI 0.3EI 1.0EI 3EI 8EI 10EI

Ar8+ 142.73
6.28[−15] 2.66[−12] 1.63[−11] 9.78[−12] 3.23[−12] 2.42[−12]

6.30[−15]a) 2.66[−12]a) 1.63[−11]a) 9.78[−12]a) 3.23[−12]a) 2.42[−12]a)

Ca10+
210.50

2.81[−14] 5.34[−12] 2.32[−11] 1.26[−11] 4.04[−12] 3.01[−12]

2.88[−14]a) 5.36[−12]a) 2.32[−11]a) 1.26[−11]a) 4.04[−12]a) 3.01[−12]a)

Fe16+ 488.44
2.87[−13] 1.34[−11] 3.32[−11] 1.53[−11] 4.65[−12] 3.44[−12]

2.93[−13]a) 1.33[−11]a) 3.30[−11]a) 1.52[−11]a) 4.63[−12]a) 3.43[−12]a)

Zn20+ 736.44
7.38[−13] 1.82[−11] 3.39[−11] 1.45[−11] 4.29[−12] 3.17[−12]

7.28[−13]a) 1.82[−11]a) 3.40[−11]a) 1.45[−11]a) 4.31[−12]a) 3.18[−12]a)

Kr26+ 1204.23
1.76[−12] 2.28[−11] 3.09[−11] 1.21[−11] 3.49[−12] 2.56[−12]

1.81[−12]a) 2.34[−11]a) 3.13[−11]a) 1.22[−11]a) 3.52[−12]a) 2.59[−12]a)

Y29+ 1482.08
2.30[−12] 2.37[−11] 2.86[−11] 1.08[−11] 3.08[−12] 2.27[−12]

2.29[−12]b) 2.35[−11]b) 2.83[−11]b) 1.07[−11]b) 3.06[−12]b) 2.25[−12]b)

Mo32+ 1789.85
2.77[−12] 2.38[−11] 2.61[−11] 9.56[−12] 2.71[−12] 1.99[−12]

2.67[−12]a) 2.31[−11]a) 2.56[−11]a) 9.43[−12]a) 2.68[−12]a) 1.97[−12]a)

Ag37+ 2370.83
3.36[−12] 2.26[−11] 2.19[−11] 7.75[−12] 2.17[−12] 1.59[−12]

3.34[−12]a) 2.26[−11]a) 2.19[−11]a) 7.75[−12]a) 2.17[−12]a) 1.59[−12]a)

Sn40+ 2761.27
3.57[−12] 2.14[−11] 1.96[−11] 6.82[−12] 1.90[−12] 1.39[−12]

3.54[−12]a) 2.13[−11]a) 1.96[−11]a) 6.84[−12]a) 1.91[−12]a) 1.40[−12]a)

Xe44+ 3332.21
3.73[−12] 1.95[−11] 1.69[−11] 5.76[−12] 1.60[−12] 1.17[−12]

3.91[−12]a) 2.00[−11]a) 1.71[−11]a) 5.83[−12]a) 1.62[−12]a) 1.18[−12]a)

Pr49+ 4129.68
3.78[−12] 1.71[−11] 1.39[−11] 4.68[−12] 1.29[−12] 9.44[−13]

3.71[−12]b) 1.69[−11]b) 1.38[−11]b) 4.64[−12]b) 1.28[−12]b) 9.37[−13]b)

Sm52+ 4654.58
3.75[−12] 1.58[−11] 1.25[−11] 4.14[−12] 1.14[−12] 8.33[−13]

3.66[−12]a) 1.54[−11]a) 1.23[−11]a) 4.12[−12]a) 1.13[−12]a) 8.30[−13]a)

Dy56+ 5410.96
3.69[−12] 1.41[−11] 1.08[−11] 3.54[−12] 9.70[−13] 7.09[−13]

3.62[−12]a) 1.38[−11]a) 1.06[−11]a) 3.51[−12]a) 9.63[−13]a) 7.04[−13]a)

Yb60+ 6234.74
3.60[−12] 1.26[−11] 9.32[−12] 3.04[−12] 8.30[−13] 6.07[−13]

3.65[−12]a) 1.28[−11]a) 9.42[−12]a) 3.07[−12]a) 8.30[−13]a) 6.14[−13]a)

W64+ 7129.46
3.51[−12] 1.12[−11] 8.09[−12] 2.62[−12] 7.13[−13] 5.21[−13]

3.52[−12]b) 1.13[−11]b) 8.16[−12]b) 2.64[−12]b) 7.20[−13]b) 5.23[−13]b)

Au69+ 8353.94
3.40[−12] 9.77[−12] 6.81[−12] 2.18[−12] 5.92[−13] 4.33[−13]

3.37[−12]a) 9.74[−12]a) 6.81[−12]a) 2.18[−12]a) 5.94[−13]a) 4.34[−13]a)

At75+ 9991.73
3.26[−12] 8.24[−12] 5.53[−12] 1.75[−12] 4.74[−13] 3.46[−13]

3.21[−12]a) 8.18[−12]a) 5.51[−12]a) 1.75[−12]a) 4.75[−13]a) 3.46[−13]a)

U82+ 12160.88
3.09[−12] 6.70[−12] 4.29[−12] 1.34[−12] 3.63[−13] 2.65[−13]

3.09[−12]a) 6.64[−12]a) 4.28[−12]a) 1.34[−12]a) 3.64[−13]a) 2.66[−13]a)
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aC W64+ lf DR �ÇXê� BM Cq(J�
 �3>f§Ý� 0.1EI �´ 83%, �X>f§Ý
O\, �©[Ü(J� BM Cq(J� �~�,
3 0.3EI 6 kT e 6 2EI §Ý��S, üö� �
3 10%±S, 3 2EI 6 kT e 6 10EI §Ý��S,  
�3 3%±S, éu Y29+, Pr49+ lf�k�q�(
Ø. dd�±�Ñ, BM CqúªØ·^u��$
§ (kT e < 0.3EI) aClf� DR �ÇXê, 3p
§ (kT e > 2EI) �, aClf� DR �ÇXê�±
^ BM CqúªL«.

1010.1
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ã 5 aC Y29+, Pr49+, W64+ lf� DR o�ÇXê�
�z>f§Ý EI �Cz

4 ( Ø

�©¦^��éØ|��p�^�{, U? -
U?[�O�
 0.1EI 6 kT e 6 10EI (EI ´a?
lfÄ��1�>lU) §Ý��SaClfÄ
�V>fEÜ (DR) �ÇXê, V-ug>lU?
�Ä
 (2s2p)73ln′l′, (2s2p)74l4l′ ±9 (2s2p)74l5l′

|�.

éu (2s2p)73ln′l′ V-ug>l|�, ;��
þfê l′ > 8 � (2s2p)73ln′l′ |�éV>fEÜ�
ÇXê��z�±�ÑØO; (2s2p)73ln′l′ |�V
>f-ug>l��pp���éV>fEÜ�
ÇXê��z÷v n′−3 |� - |�	í{, ¿�Ø
>Öê��, ªu n′−3 IÝ� n′ ���.

é[�O�����aClfÄ� DR �Ç
Xê?1
[Ü, ��aClfÄ��o DR �
ÇXê�Ø>Öê Z Ú>f§ÝCz�²�ú
ª, T[Üúª�[�O�(J� �3 2%±
S, U�O(�O�?¿Ø>Öê Z �aClf
3 0.1EI 6 kT e 6 10EI §Ý��� DR �ÇXê.
BM CqúªØ·^u��$§ (kT e < 0.3EI) a
Clf� DR �ÇXê, 3p§ (kT e > 2EI) �, a
Clf� DR �ÇXê�±^ BM CqúªL«.
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Abstract

The dielectronic recombination (DR) rate coefficients for Ne-like isoelectronic sequence ions in the ground state 2s22p6 are

calculated by using relativistic configuration interaction (RCI) method over a wide temperature ranging from 0.1EI to 10EI where EI

is the ionization energy of corresponding Na-like ion. The (2s2p)73ln′l′, (2s2p)74l4l′ and (2s2p)74l5l′ complexes are considered as

autoionizing doubly excited states of Ne-like ions in the calculation. The contribution of (2s2p)73ln′l′ complex with l′ > 8 is found

to be negligible. The contribution of high Rydberg states of (2s2p)73ln′l′ complex obeys the complex-complex n′−3 extrapolation,

and the larger the nuclear charge, the smaller the value of n′ is. On the basis of the detailed level-by-level results, a general analytic

formula for the total DR rate coefficient for all the ions along the Ne-like isoelectronic sequence is constructed. This formula can

generally reproduce the calculated DR rate coefficients within 2% for electron temperature between 0.1EI and 10EI. Burgess-Merts

semiempirical formula is found to be inadequate for predicting the DR rates of Ne-like ions at low electron temperatures (kT e < 0.3EI)

and may be used for high electron temperatures (kT e > 2EI).

Keywords: relativistic configuration interaction(RCI), dielectronic recombination(DR), Ne-like isoelectronic se-
quence ions, rate coefficient
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