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Á� ^?ní=��.�âfêÅð (PNC)�{, ©Û
DèC/Ø 178,179Hf�Ä��Ú$-u

pK õOâf��$ÄÆ=Ä.þJ (1) ��ªÇω �Cz9Ù�*Å�, AO´�ÑØf�Pauli

×l�A��K�. �©©ÛÚO�
 178
72Hf�2OâfÚ4Oâf9 179

72Hf�3Oâf�pK $-

u�. ¢�*ÿ��J (1) �ω �Cz, 3PNCO�¥���Ð�y. ©ÛL², pK õOâf��

J (1) �ω �Cz�Ä���ØÓ, Ì�5gpN(j)L\��×l�A.

'�c pK õOâf-u� =Ä.þ âfêÅð�{ ×l�A

178
72HfÚ 179

72HfDèØpK $-u�, Cc5É�

ÊHÀ
[1—5]

. 3½C/Ø¥®*ÿ��pg^�,

Ù�ÄþÌ�5géõØf��Z$Ä¤���8

N=Ä��z
[6]

. d	, 3C/Ø�$-uÌ¥, �

*ÿ��þ�õOâf-u�. 3Ù¥´Ä�3,


õOâf-u�, �êØf�üâf$Ä�é�Äþ

k��z? (=�êâf$Ä�gdÝ3ù
pg

^�¥å
��^). c[©Ûuy, ,
pK õ

Oâf-u�, �Uäkù«5�(K ´�fØo�

Äþ÷é¡¶���©þ). Ñy$-upK õOâ

f��^�´3Fermi¡NC�3�X�pΩ Nilsson

U?(Ω ´üØf�Äþ÷é¡¶���©þ). 3D

è«�~C/Ø¥, Z > 72, N > 100 NC, Òä�

ù«^�(�ã1). =Z > 72«�Ñy�f [404]7/2,

[514]9/2, [402]5/2, N > 100 «�Ñy¥f [633]7/2,

[624]9/2, [512]5/2, [514]7/2�pΩNilssonU?. ùÒ

´3 178—182Hf±9W,
ØÓ �¥XÚ*ÿ�$

-upK õOâf���Ï
[7—11]

.

3õOâf-u�¥, �êØfé�Ñ. ù


Ø�é�Øf�Pauli×l�^é=Ä.þké�

�K�. 3pK õOâf$-u�¥, cÙXd. �

�XRowe
[12]

�Ñ, ¦+3Ônþ, ×l�A´{ü

��
��, �^BCS�{%4J?n§, Ï�ØÓ

�×lI�Ú?ØÓ�OâfÄ, ¤±éJ^BCS�

{5gU/£ãØÓ�Oâf�. �©òæ^?nØ

fé'é�âfêÅð(PNC)�{5ïÄ$-upK

õOâf�. PNC�{�XÚ�Lã, �©z [13,14].

�©òé8c'5� 178,179Hf�2 Oâf!3 O

âfÚ4OâfpK $-u�?1©Û, Ì�´§�

�$ÄÆ=Ä.þJ (1)��ªÇ�Cz9Ù�*Å�.

éu�~C/Ø, �â=Ä���SE2�[Uþ

Eγ 9�Äþ�*ÿ�, =�J��A�$ÄÆ=Ä.

þJ (1). éu^¡©��²w�=Ä�, �UeªJ�

J (1)(I−1)/~
2 =

2I−1

Eγ(I → I−2)
, (1)

�,, ØI����Äþ��, �â�SE2�[Uþ

=�UeªJ�ÄåÆ=Ä.þJ (2)

J (2)(I)/~
2 =

4

Eγ(I +2→ I)−Eγ(I → I−2)
, (2)

��±²wwÑ, ¤J��J (2) �¢�Ø��'J (1)

��õ. ¤±éu�~C/Ø, ·�ò8¥åþ©Û

J (1) �Cz5Æ. �BuÚí=��.�O�(J'

�, I�|^�ÄþÚ=Ä�ªÇ�'X(��fØ�

é¡¶�z ¶, �fØ7x¶^=)

ω =
dE

~dIx

, Ix(I)=
√

(I +1/2)2−K2 , (3)
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��Äþ I �A�=Ä�ªÇω(I)�^eªCqJ

�:

~ω(I)=
Eγ(I +1→ I−1)

Ix(I +1)−Ix(I−1)
. (4)

3í=��.�µeS, æ^?néå�PNC�

{5O�J (1) ��ªÇω �Cz. O�¥¤^��f

Ú¥f�NilssonU?ëê (κ,µ)±9o4Ú�84/

CÝ (ε2,ε4), Ñæ^LundXÚÆ
[15, 16]

, Ø2gdC

Ä. éu 178
72HfÚ 179

72Hf, /Cëê�Xe
[14]

µ

178
72Hf : ε2 = 0.251, ε4 = 0.056;

179
72Hf : ε2 = 0.246, ε4 = 0.059.

�A�Fermi¡NC�í=NilssonU?Xã1.

ã 1 DèC/Ø 178
72Hf�í=NilssonU?

NilssonU?ëê(κ,µ)Ú/Cëê(ε3 , ε4)�gLundXÚÆ
[15,16]

. ^¡α =±
1

2
�U?©O^¢�ÚJ�xÑ. pN(j)L\�^o�IP.

U©z [17,18]�©Û, 3�~C/DèØ¥, o

4éåY20 �K�´Ø��À�. ��©z [13]�Ó,

O�¥, rü4éåÚY20 o4éå�¿�Ä3S. ü

4éårÝ�Y20 o4éårÝ, ´�â�fØ�(

ÜU�Ûó�±9�Ä=Ä.þ�Ûó��O���

¢���[Ü5(½. d	, 3PNCO�¥ÃÙ¦ë

ê.

3O�¥, ¥f�í=õâf|�(CMPC)�

S � ä U þ � �Ecn ≈ 0.62~ω0, 	 � ä U þ � �

Ecn ≈ 0.85~ω0, �9��¥fCMPC�m��ê�

�900. �f�CMPCS�äUþ��Ecp ≈ 0.62~ω0,

	�äUþ��Ecp ≈ 0.85~ω0, CMPC�m�ê��

800. O�L², 3$-u�¥, ��CMPC(�

>1%)¿Øõ(��<20), Ïd, ±e�O�(J´v


°(�. 3ù��äe�CMPC�m¥, �fÚ¥

f�k�ü4Úo4éårÝ(ü : MeV)©O�

G0p = 0.315, G2p = 0.013, G0n = 0.210, G2n = 0.035.

178
72Hf�Ä��Úü^2Oâf=Ä��=Ä.þ

J (1) �ω �Cz (~ω 6 0.25MeV)�*ÿ�ÚO��©

O3ã2¥�Ñ. J (1) 9�A�ªÇω �¢��´|^

Eγ *ÿ�, ©Od(1)Ú(4)ªJ��. Eγ �¢�êâ

�g©z [2]. �±wÑO���*ÿ�Ä�þ�Î.

©z [1,2]vk�½ 178
72Hf�Kπ = 6+ Oâf-u

�ÚKπ = 8− Oâf-u��Oâf|�. �â

O�, Ó��ÄFermi¡NC�3�pΩ NilssonU

?, Kπ = 6+ O â f - u � é � U ´ (π[404] 7/2+

π[402] 5/2+), �ë�©z [19]�Ó. ©z [2]¥kü

^Kπ = 8− Oâf-u��vk�½|�. ã2(c) �

Ñ�´ 178
72Hf�Kπ = 8−(t1/2 = 4s)�2Oâf-u�.

ã 2 DèØ178
72HfÄ��9Kπ =6+,8− �2Oâ

f-u�

J(1) �¢��^◦L«, J(1) �O��©O^¢�x

Ñ. J
(1)
p ÚJ

(1)
n ©OL«�fÚ¥féJ(1) ��z.
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ë � Fermi ¡ N C � 3 � p Ω Nilsson U ?, 2 O �

f (π[514] 9/2−

π[404] 7/2+)Ú2O¥f (ν[624] 9/2+

ν[514] 7/2−)Ñ�/¤Kπ = 8− Oâf-u�. ¢�(

J�Ñ�J (1) �ω �úO\, �·�O� (π[514] 9/2−

π[404] 7/2+)�(J�ÎÜ. 2ë�©z [19], ·�@

�: �½ù^Kπ = 8− Oâf-u�� (π[514] 9/2−

π[404] 7/2+)�Ün.

ã3�Ñ 179
72Hf�4^üOâf-u��J (1) �ω

�Cz. Eγ �¢�êâ�g©z [3], J (1) 9�A�ª

Çω �¢��, ©Od(1)Ú(4)ªJ�.

ã 3 DèØ 179
72Hf�üOâf-u�

J(1) �¢��^◦L«, J(1) �O��©O^¢�x

Ñ. J
(1)
p ÚJ

(1)
n ©OL«�fÚ¥féJ(1) ��z.

ã 4 � Ñ 178
72Hf � ü ^ 4 O â f - u � � J (1)

� ω � C z. Eγ � ¢ � ê â: ã(a) � g © z

[2], ã(b) � g © z [19]; J (1) 9 � A � ª Ç ω �

¢ � �, © O d(1)Ú(4)ª J �. 178
72Hf � Kπ =

16+(t1/2 = 31y) Ú Kπ = 14− Ó � É U � � O â

f | ¤, � ± ë � © z [19]. Kπ = 16+ - u �

´ X e � 4 O â f �: (ν[624] 9/2+
ν[514] 7/2−) ⊗

(π[514] 9/2−

π[404] 7/2+), Kπ = 14− - u � ´

X e � 4 O â f �: (ν[624] 9/2+
ν[514] 7/2−) ⊗

(π[404] 7/2+
π[402] 5/2+), §��SÜ�Ñ´¥f

2 Oâf�Ú�f2 Oâf���È. �±wÑ, O

�(J�¢�Ä�ÎÜ. ù
�Ñ�¥fÚ�f

Ñ?uFermi¡NC�pΩ NilssonU?, =/C^

ü(deformation aligned)U?. ùÒ´3$-uÌ¥

ÑypK õOâf���Ï.

PNC�{ò 179
72Hf�3 Oâf@�´ 179

72Hf�ü

O ¥ f Ú 179
72Hf � 2 O � f � � È  �. ã 5 U

(ν[17972Hf]⊗ π
2[17972Hf])O� 179

72Hf��^3 OâfU�

� | ¤. Eγ � ¢ � ê â � g © z [3], J (1) 9 � A

�ªÇω �¢��, ©Od(1)Ú(4)ªJ�. ©z [3]

@�Kπ = 21/2+ �U´ü«OâfU�|¤, =

ν[624]9/2+
⊗(π[404] 7/2+

π[402]5/2+)Úν[512]5/2−

⊗

(π[514]9/2−

π[404]7/2+). (c)ãÚ(d)ã´©OUùü

«|�O�Ñ�. ã5¥®I²�^õOâfU��

|�, d©z [3]��: (a)ã��ÄU?�1405keV,

(b)ã � � Ä U ? � 1106keV, (c)ã � � Ä U ? �

1405keV, (d)ã��ÄU?�1827keV. du(d)ã|

��¢�êâÃ{J�J (1), ��3nØO�(J.

ã 4 178
72Hf�ü^4Oâf-u�

J(1) �¢��^•L«, J(1) �O��©O^¢�x

Ñ. J
(1)
p ÚJ

(1)
n ©OL«�fÚ¥féJ(1) ��z.

æ^PNC�{O���±�Ñ�í=NilssonU

?þâf�WÙAÇ�ω �Cz, �pK õOâf-

u��^ü�Äþ i(~)�=Ä�ªÇω �Cz.

o�, �©3í=��.µee, æ^?néå

�PNC�{c[©Û
DèC/Ø 178,179Hf�pK

$-uõOâf��$ÄÆ=Ä.þJ (1)��ªÇω

Cz�5Æ9Ù�*Å�. ¢�(J3PNCO�¥�

��Ð/y. AO´pK $-uõOâf��J (1)

��ªÇω Cz�5Æ�Ä����É, Ì�5gp

N(j)L\��×l�A.
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ã 5 179
72Hf�3Oâf-u�(U(ν[17972Hf]⊗π

2[17972Hf])O�)

J(1) �¢��^•L«, J(1) �O��©O^¢�xÑ. J
(1)
p ÚJ

(1)
n ©OL«�fÚ¥féJ(1) ��z.

�ö��®�ÆQ>ó�Ç�LkÃ�?Ø, 3 d�La�.
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Low-Lying Excited High-K Multi-quasiparticle Bands in 178,179Hf *

GONG Lun-Xun1) YU Lei
(School of Physics, Peking University, Beijing 100871)

(Department of Physics, Guizhou Normal University, Guiyang 550001, China)

Abstract Using the particle-number conserving (PNC) method for treating the cranked shell model, the microscopic

mechanism of the variation with rotational frequency ω of the kinematics moments of inertia for the rare-earth deformed

nuclei 178,179Hf is investigated. The 2-qp and 4-qp bands in 178
72Hf and 3-qp bands in 179

72Hf are analyzed and calculated.

The observed ω variation of J(1) is reproduced satisfactorily in PNC calculations. Our analysis shows that the difference

between the ω variations of J(1) for the high K multi-quasiparticle bands and for the ground state band is mainly due

to the Pauli blocking effects of high j intruder orbitals near the Fermi surface.

Key words high K multi-quasiparticle band, moment of inertia, particle-number conserving method, blocking effect
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