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Á� ÏL­lfØ�A�3åγÌ�¢�Eâ, éA = 130"¥fØ«�VÛØ 136La�pg^�?

1
ïÄ, ¤^Ø�A� 130Te(11B, 5n). ¢�(J*Ð
 136La�U?jã, �)3�8N=Ä�, �p

g^��20~. éuπh11/2⊗νh11/2 �, *ÿ�
^¡�=�8N£�y�. ÏLXÚÆ'�, é^¡�

=A5?1
?Ø. dí=��.�O��Ñ, d8N£�´d�é¥f��Äþ^üÚå�. ,	ü

�8N��äkγ ≈−60◦ �Aý/C�, Ù�U�|��: πh11/2⊗νg7/2h
2
11/2 �πg7/2⊗νg2

7/2d5/2h
2
11/2.

'�c Ø(� ^¡�= 8N£� Aý/C

1 Úó

VÛØ 136La uØ�þêA = 130«, Ù¥fê

N = 79åN = 82÷�����3�, ýOÙÄ��β

/C��, �äk^�γ/C. ,
3pg^�eÙ

(�A5K'�E,, Ï� ud«S�Ø�f�¤

�¡?uh11/2 æ���.Ü, 
¥f�¤�¡K?

uh11/2 æ���ºÜ. í=��.�O��Ñ
[1]

, �

X=ÄªÇ�O\,  uh11/2 æ��eÜ�âfò

°ÄØ�/G��ý/C (γ ≈ 0◦)��Cz, 
 u

h11/2 æ��þÜ�âfò°ÄØ�/G�Aý/C

(γ ≈−60◦)��Cz. 3pg^�edõOâf|�

/¤�=Ä�½U�, �¦Ø/¤ØÓ�/G, $�

3��Ø, 'X132Ba
[2]

, 134Ce
[3]

¥, Ò*ÿ�Ó��3

äkØÓγ /C�(�, =¤¢/G��. 
3NõØ

¥, 'X 134La
[4]

, 135La
[5]

, 137Ce
[6]

, 138Ce
[7]

�, Ñuy


­��Aý/C�. ,��¡, 3éVÛØ�pg

^�ïÄ¥, ^¡3���=±9dÃ�é¡5�»

�Úå�Ã��­��ïÄ�Úå<�é��'5.

�
XÚïÄd«SVÛØ�­�A5, k7�é¥

fê�õ�­Ó �Ø?1?�Ú�pg^�ïÄ.

�©��éu 136LaØpg^��¢�ïÄ(J.

3± �ïÄ¥, Q��L^(p, 3n)�lfØ�Aé

u 136La$g^��¢�(J
[8]

, 
3�C���¬Æ

©v¥, K{���
^­lfØ�AïÄÙpg^

���
(J
[9]

.

2 ¢�!êâ?n�(J

¢�´3¥I�fU�ÆïÄ�H-13G�\�

ìþ?1�. ^ 130Te(11B, 5n)­lfLÜ–�u�

AÙØ 136La�pg^�, ¤^Ó � 130Teq�þÝ

�1.6mg/cm2, �u3þÝ�10mg/cm2 �Yq�þ.
11B å6�Uþ�60MeV. d14 ��xpXGe &ÿ

ì|¤�éÜ3åγÌ&ÿC�ÿþpg^�ò-�

)�γ-γÎÜ¯�. Ge&ÿì�éu1.333MeV γ�

��Uþ©EÇ31.8�2.4keV�m. 3¢�¥, �?

1
�é-u¼ê�ÿþ, ¤^Uþ�50, 55, 60, 65

Ú70MeV, ±£OáuA½�A���[γ Ì�. l

�?nïá
ü�ÎÜÝ
, ���5×107 �(�Ø�

.�)ÎÜ¯�ê�ü�ÎÜÝ
, ±øγ-γÎÜêâ

©Û. �
(½γ�[�õ45, l
í�U?�g^

��¡, �©Oïá
ü���'éÝ
, ^±��
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��Ø����'érÝ(DCO)'Ç�©Û. ÎÜê

â©Û^£�
�Radware^��
[10]

.

ã 1 #ï� 136LaU?jã

ÏLγ-γÎÜ!�é�[rÝ!DCO'Ç��

©Û, #ï� 136La U?jãXã1 ¤«. �?Ø�

B, ò8N�(�^�)Ò�êiL«3U?jã

�þÜ. ã2�ã3©O�Ñé584.9, 596.6, 438.1�

175.9keV γ��m�¤�ÎÜ�Ì�~f. lz��

Ì¥, ·��±�Ù/w�3ã1�U?jã¥�m

��γ¸�éA�ÎÜγ¸.

�©¤�Ñ� 136La�U?jãØ´ïá3Ä�

U?�þ. 3±cuL�^�lfØ�A�Ñ�ïÄ

(J¥
[8]

, �½
 136La�Ä��g^�¡(Iπ)�1+,

¿*ÿ����PÏ�115ms�Ó�ÉU�, �íÿ

Ù Iπ �8− ½7−. �3©z [9]^­lfØ�A¤�

ï�U?jã¥, @�Ù�$U?=�±þ¤uy�

Ó�ÉU�, ¿�½Ù Iπ�8+. ·���u�ö�

�½, =òã1¥�$U?� Iπ 6½�8+. Äu�±

cuL©z�'�
[8, 9]

!DCO'Ç�©Û±9��

�LaVÛØ�XÚÆ'�, í�
Ù¦U?� Iπ.3

U?jã�$g^�Ü©, y¢
3©z [8]¥��

�µ324.2keV�γ�[ u458.7keV�þ, 
Ø´3

©z [9]¥�Ñ�üö�þe �p�. 
�ó�¥

¤*ÿ��#�480.0�720.0keV γ�[��cö�

�½±kå�|±. d	, �uy�^#��r�

1090.2keV γë��[. éu�(1), 3©z [8]¥®*

ÿ�12+ �, 
©z [9]Kò§þí��p�g^�.

3·�y3�(J¥, éÙ 13+ ±þ�pg^�U?

ã 2 é 136Laêâ©Û�ÎÜ�Ì
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?1
­#�ï, g^�*ÿ�19+. 3d�¥, A�

∆I = 2��[�£O���ù���ïJø?�Ú

�¢�yâ. �(2)3©z [9]¥®�Ñ, ·�éÙ?1


*Ð, 3pg^�Ü©#\
��U?��[. 


©z [9]¥, �(3)=�Ñü�U?�ü��[, ·�#

*ÿ�,	ü�U?�ü��[, ¦d���ïáå

5. d	, �âÎÜ'X, ·�é�(1)��(3)�m�

ë��[��
­#�½.

ã 3 é 136Laêâ©Û�ÎÜ�Ì

3 (J?Ø

Ï�VÛØ 136La�¥fêN = 79lN = 82�

÷�éC, /Cëþ��, Ù$-u�U?�üâf

5�r. 3©z [9]¥, �(1)��½�ïá38+ U?

þ���¡�, Ù|��πh11/2 ⊗νh11/2. ,
, �â

���Ø�XÚÆ'�, ·�@�d���ÞU?�

Iπ A�9+. ã4�¢�ÿ����LaVÛØ 132La
[11]

,
134La

[4]
�y3� 136La �πh11/2 ⊗ νh11/2 ��U?�

XÚ5'�. �â4$��Ç�JÑ�3A = 130«

VÛØ�g^�½�XÚÆ�{
[12]

, ·�@�, �½

136La�πh11/2⊗νh11/2 ���ÞU?� Iπ�9+ A´

Ün�.

,��¡, éud«SVÛØ�πh11/2 ⊗νh11/2

� � ^ ¡ � = � X Ú Æ ï Ä � � ´ � � ' � ­

� �¯K
[12]

, 
 136La�8 c La ó V Û Ø ¥ u y

πh11/2⊗νh11/2 �(��¥fê�õ�Ø, d��ïá

éu^¡�=�¥fêCz�XÚÆïÄJø#�

¢�êâ. ã5�Ñ�¢�¤ÿ� 136La±9��VÛ

Ø 132La
[11]

, 134La
[4]

�πh11/2⊗νh11/2 �¥� signature

partner��Uþ� [E(I)−E(I−1)]/2I �g^�I �

Cz. lã¥�±wÑ, 3$g^�eù3�LaVÛ

Ø�^¡Ñ´�=�, ,
, �X¥fê�O\Ù�

=::ìeü: 132La�17.5~, 134La�14.5~, 
 136La

�12.5~. 3L
�=:±�, ÙA5K�Ø�Ó: 3

132La¥=��~�^¡3�, 3 134La¥KUY�=,


3 136La¥KyÑÃ5Æ5. ù«y�I�nØþ

UY&?.

ã 4 132,134,136La�πh11/2 ⊗νh11/2 ��XÚÆ

'� (�12+ ��ë�U?)
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ã 5 132,134,136La�πh11/2 ⊗νh11/2 ��Uþ�

[E(I)−E(I−1)]/2I �g^�I �Cz

ã 6 ^í=��.���136La�πh11/2⊗νh11/2

��O�f(a)�O¥f(b)�U?

U ? � � ¡ � ^ ¡ (π,α) ^ Ø Ó � ë � L «:
—�(+1/2, +1/2), · · ·�(1/2, −1/2), – • –�(−1/2,

+1/2), - - -�(−1/2, −1/2).

?�Ú�	 136La�πh11/2⊗νh11/2 ��(�, �

±wÑ, 3U?�9+ �13+ ��$g^�Ü©, U?

må�g^�CzéØ5K, ^¡3���, 
313+

±þ, U?måw«ÑÏ~=Ä��5Æ5, 316+—

17+ �/�, *ÿ�8N£�(���)A5, Ù��ª

Ç~ω ≈ 0.45MeV. �
éd8N£��Å��Ñ)

º, ·�?1
íD��.�O�, Ù�n��{�

©z[13—15]. Äk?1oÛd¡(TRS)�O�, ��

πh11/2 ⊗νh11/2 ��/C4��: β2 = 0.123, γ = 13◦.

^±þ�/Cëþ, O�
OüâfU?(Ûdþ). ã

6�ÑO����Oü�f�Oü¥f�U?ã. l

ã¥�±w�, d�é¥f�Äþ^ü¤Úå�8N

£�u)3=ÄªÇ~ω≈ 0.44MeV?, ù�ê��¢

�*ÿ�~ω ≈ 0.45MeV��C, 
���Oü¥f

�U?ãK'�E,, wØÑk5Æ�8N£�u).

¤±·�@�, 3 136La�πh11/2⊗νh11/2 ¥*ÿ��

8N£�´d�é¥f��Äþ^ü¤�, ù���

Ø 134La
[4]

�8N£�äk�Ó�å
.

3ã1¥�K�¡�(2)���¡�(3)�A5�

~�q: 3�S�3�~r�∆I = 1�M1�[, 


∆I = 2�E2�[K�~f,   *ÿØ�; ó4�[

�Uþ�g^�O\
k5K/O\, vk^¡3�;

�����ý/C�'äkØÓ�=Ä.þA5. ù


�´d«S�Aý/C��A5. ã7xÑ 136La

��(2)��(3)±93134La
[4]

�137Ce
[6]

¥*ÿ��A

ý/C��1�a=Ä.þJ (1) �=ÄªÇ~ω Cz

ã. �±w�, §�Ñkaq�A:: =Ä.þ�=

ÄªÇ�O\
~�, 
�����ý/C��Ð�

�. ¤±3 136La¥�ùü���´áuAý/C�.

©z[ 9 ]¥, ò�(2)�|�½�π[413]5/2h
2
11/2⊗νh11/2,

·�@�ù���½´Ø�(�. Ï�éuù�

�½�|�, �âí=��.�O�
[1]

, �éh11/2

�f��Äþ^üò°ÄØ/¤� ý/ C, ù�

�(2)�(�A5´ØÎ�. 
?�ÚÏL���

Ø 134La[4]
aq�Aý��'�, 136La¥�(2)�Uá

uπh11/2⊗νg7/2h
2
11/2 oOâf�|�, 
Ø´©z[ 9 ]

¥¤�½�π[413]5/2h
2
11/2⊗νh11/2 |�. 
�(3)�Þ

�-uU'�(2)p�õ, �Uáu8Oâf|�, Ï

Ù�¡��, Ù�U�|��πg7/2⊗νg2
7/2d5/2h

2
11/2.

�âí=��.�O�
[1, 16]

, äkù�|��=Ä�,

�é¥fÓâh11/2 ;�, ò°ÄØ�/G�γ ≈−60◦

���Cz, /¤Aý/C�.

ã 7 l 136La��(2),(3)±9 134La, 137Ce ¥�

Aý/C�J��1�a=Ä.þJ(1) �=Äª

Ç~ω Czã
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4 (Ø

^­lfØ�AÚ3åγÌ�¢�Eâ, ïÄ


136La�pg^�, ïá
 136La#�U?jã, �p

g^��20~. X­é¤ïá�3�8N�(�?1


?Ø. éuπh11/2⊗νh11/2 �, *ÿ�
^¡�=�

8N£�y�. ^XÚÆ'���{, uyÙ^¡�

=��~5. ^í=��.?1
O�, (JL²,

136La¥�8N£�´d�é¥f��Äþ^üÚå

�. *ÿ��,	ü�8N���½�äkγ =−60◦

�Aý/C�, Ù�U�|��: πh11/2 ⊗νg7/2h
2
11/2

�πg7/2⊗νg2
7/2d5/2h

2
11/2.

�öa�¥I�fU�ÆïÄ�Jø¢�å6!

q±93¢�ÏmJø��«�Ï, a��®�ÆN

7J�Ç!Çó=Æ¬)���í=��.�O�.
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Collective Band Structures in Doubly Odd 136La Nucleus *

ZHU Sheng-Jiang1;1) XIAO Shu-Dong1 CHE Xing-Lai1 YU Ying-Nan1 LI Ming-Liang1

CHEN Yong-Jing1 ZHU Li-Hua2 WEN Shu-Xian2 WU Xiao-Guang2 LI Guang-Sheng2

1 (Department of Physics, Tsinghua University, Beijing 100084, China)

2 (China Institute of Atomic Energy, Beijing 102413, China)

Abstract Using heavy-ion nuclear reaction and in-beam γ-ray spectroscopy technique, high spin states of 136La have

been studied. The nuclear reaction used is 130Te(11B, 5n) with a beam energy 60MeV. The level scheme with three

collective band structures has been updated with spin up to 20~. The collective backbending has been observed in

πh11/2 ⊗νh11/2 band. According to the TRS calculations§this backbending is due to the alignment of a pair of h11/2

neutrons. The signature splitting and inversion for the πh11/2⊗νh11/2 band were also discussed. Other two bands based

on 12− and 16+ levels were proposed as oblate deformation with γ ≈−60◦. They most probably originate from four-

and six- quasiparticle configurations, that is, πh11/2⊗νg7/2h
2
11/2 and πg7/2⊗νg2

7/2d5/2h
2
11/2 respectively.

Key words nuclear structure, signature inversion, collective backbending, oblate deformation
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