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n (Uþü : keV)

;� 2d5/2 2d3/2 3s1/2 1h11/2 1h9/2

Z/N 60 62 64 66 68 70 72 74 76 78 80 82 84
50Sn 1552 1522 1376 1310 1421 1469 1434 1377 1321 1288 1185 2421 915
51Sb 1290 1362 1335 1235 1266 1218 1249 1246 1197 1178 1005 2023 184∗

52Te 1385 1684 1689 1580 1537 1452 1427 1413 1350 1245 1105 2174 731
53I 1201∗ 1202∗ 1203 1385 1353 1221 1199 1159 1168 1128 1000 2004 588

54Xe 1711 1625 1589 1539 1495 1440 1412 1351 1325 1251 1094 2027 1139

;� 3p3/2 3p1/2 1i13/2 2g9/2

Z/N 110 112 114 116 118 120 122 124 126 128 130 132 134
82Pb 1336 1253 1120 1052 1000 911 831 674 1715 675 709 839∗

83Bi 1105 1024 999 929 865 840 714 605 1427 403 572 688 721∗

84Po 1287 1258 1187 1084 1008 926 854 714 1554 827 873 897 969∗

85At 921 1047 989 1000 930 824 787 648 1351 579 694 782 828
86Rn 1301 1210 1211 1159 1047 943 868 756 1432 886 990 1027 1038
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∆εn 1227 940 934 816 785 940
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Z/N 60 62 64 66 68 70 72 74 76 78 80 82 Ēp-n(Z,N)
51Sb 179 241 198 210 213 243 182 149 139 177 140 276 196
53I 347 453 436 175 163 225 221 223 170 120 100 97 228

Z/N 110 112 114 116 118 120 122 124 126 128 130 132 Ēp-n(Z,N)
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αī), (11)

Ù¥

Ei =
√

(εi−λ)2 +∆2, (12)

�L��Oâf�Uþ. Ï�BCSnØe�Ä�Ò

´OâfXÚ�ý��, ¤±, 3ù«Cqe, NX�

-uUÒ�±@�´�«/ª�Oâf-u. 3¤

�¡NC, (εi −λ) ≈0, Ei ≈ ∆. ¤±, (11), (12)üª

L², ∆�LX3¤�¡NC�)���Oâf�-

uU. éuóóØ, �k�Oâf!oOâf!8O

âf · · · · · · -u, �±^α+
ν0

α+
ν̄0
|BCS〉9α+

µ0
α+

ν0
|BCS〉

£ã§�1�S�-u�, =�Oâf-u, éA�

Uþ©O�2Eν0
ÚEµ0

+ Eν0
. du3¤�¡NC,

∆ � |(εν0
−λ)|, Ï
E > ∆. ¤±3óóØÄ�Ú

Oâf$-u��m/¤
���u½�u2∆�U

Y. ùÒ´∆3BCSnØ¥�Ôn¿Â. dd��, 3

BCSnØ¥Ú\�∆¿Ø�uÛó�, Ûó��´é

UY�Cq, ù´3A^TnØ�7L5¿�/�,

�´TnØ���Øv�?. Ï�Ûó����5g

×l�A, ��^BCS�{5?n%4�(J
[11]

.

,��7L©�¯K´XÛn)V�Ø�∆�

"�¯K. �âúª (10), ��fØ?uV÷���,

3¤�¡±e�U?��Óâ, ui �", 3¤�¡±

þ�U?�´�X, vi �", K¬��UY∆A�"

�(Ø. �·�@�ù«íØ�{´Ø���, Ï�

BCSÅ¼êØ÷vâfêÅð��¦, ù¿�Xdù

��Å¼ê£ã�NX�½äkX´�5�: õ��

½���âféNXØ¬k���K�. �3�ê?,

�fØ�5��Øfê�Czk���âC, ïá3

BCSCqþ�úª (10)®Ø2·^. �¦+ù�, E

,�±@�V�Ø�∆�", ù´Ï�é�p�^´

�«L¡�p�^, ¤�¡NCU?édÑk�z,


Ø´�k���éØfâké�p�^ (���é

Øf�é�^´éAXÛó�). éuV�Ø, Øf�

m�ké�p�^, �du¤�¡ uü�÷��m,

¤�¡NCU?�Ýé�, é�p�^éJ¦�¤�

¡e¡�ØféÑ��¤�¡þ¡�, Ïdéå�o

NLyé�, éUY�". �Ò´`, du;�Úg

^�r�p�^¦�3�ê?�üâfU?ké�

�UY, 
¦éUYª�u". �ùØ�uV�Ø�

Ûó��", Ï�Ûó�´óóØ�éuÛAØ
ó,

����ÓaØfõ
é�p�^. ¤±, ��´ó

óØ, ØØ����ÓaØf´Ä?u4�þ, ÑA

�ké�p�^. L1�O�(J®²y²
ù�:.

dd��, éuV�Ø, ØU@�Ûó�E,Cq�

uéUY.

4 �(

l�fØÛó��Ä�½ÂÑu, ©Û
O�Û

ó��~�úª, @�úª (1)Ú (2)¿Ø�L
ý�

�Ûó�, 
´Ä��fØ�«�p�^�nÜ�

N. ÏLO�SnÚPb�10�Ó �ó�¥fÛó�

∆(3)
n , uy3�ê?, ∆(3)

n þkâ,�O�, `²úª

(1)¥�¹
��A; 
ÛAØ�∆(3)
n þ'���óó

Ø���, `²�fÚ¥fm�ké�p�^; Ó�,

Ø�/C�K�úª (1)O��O(5. 3dÄ:þ,

éúª (1)�
·��?�. duÛó�Ú�fØ�

é'é;��ë, �©Û
?né'é��~��n

Ø——BCS�.¥���­��Ônþ∆ÚÛó��

'X, ©ÛL², ∆�´Cq��LXÛó�. 
é

�êØ, úª (10)®Ø2·^. �éUYE�±@�

´".



268 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

ë�©z(References)

1 Satula W, Dobaczewski, Nazarewicz. Phys. Rev. Lett.,

1998, 81: 3599—3602

2 REN Zhong-Zhou, XU Gong-Ou. Phys. Lett., 1990, B237:

1

3 REN Zhong-Zhou, XU Gong-Ou. Phys. Rev., 1988, C38:

1078

4 DONG Tie-Kuang, REN Zhong-Zhou. Phys. Rev., 2005,

C72: 064331

5 Bohr A, Mottelson B R. Nuclear Structure. Vol. 1. Ben-

jamin, New York. 1969, 169

6 HU Ji-Min, YANG Bo-Jun, ZHENG Chun-Kai. Atomic

Nucleus Theory. Beijing: Atomic Energy Press, 1987. 70

(in Chinese)

(�L¬, 
Ë�, xSm. �fØnØ. �®: �fUÑ��,

1987. 70)

7 Bardeen J, Cooper L N, Schrieffer J R. Phys. Rev., 1957,

106: 162; 108: 1175

8 Audi A, Wapstra A H, Thibault C. Nucl. Phys., 2003,

A729: 337—676

9 ZENG Jin-Yan, SUN Hong-Zhou. Structure Theory of

Atomic Nucleus. Shanghai: Science and Technique Pub-

lisher of Shanghai, 1987. 67 (in Chinese)

(Q>ó, �ö³. �fØ(�nØ. þ°: þ°�EÑ��,

1987. 67)

10 Moeller P, Nix J R, Myers W D et al. At. Data Nucl. Data

Tables, 1995, 59: 67—227

11 ZENG Jin-Yan, SUN Hong-Zhou. Structure Theory of

Atomic Nucleus. Shanghai: Science and Technique Pub-

lisher of Shanghai, 1987. 287 (in Chinese)

(Q>ó, �ö³. �fØ(�nØ. þ°: þ°�EÑ��,

1987. 287)

Odd-Even Staggering of Nuclear Masses and

Energy Gap Parameter *
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Abstract We systematically analyze the formula of the mass difference between the odd and even nuclei and its

connection to the energy gap parameter. By calculating the mass difference of ten isotope chains near Sn and Pb, we

find that all the shell structure, the pairing interaction and the nuclear deformation affect the value of ∆
(3)
n considerably.

A modified formula of mass difference is proposed.

Key words odd-even mass difference, the BCS theory, pairing energy gap
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