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Á� |^ 40Ca+106CdKÜ�u�A�)
C�f%�Ø 140TbÚ 141Dy, �Ü±���DÑXÚæ^

“�f-γ”ÎÜ�{*ÿ
§��β�u�fPC, Ù¥�)�PÏ!�fUÌÚPC�1��fØØ

Ó$ ��©|'. ÏLÚOnØ[ÜJ�
 140TbÚ 141Dy�Ä�g^�¡©O�7± Ú9/2±. ,�

�¡, ^Woods-Saxon Strutinsky�{O�
ùü«Ø��|��³U¡, dd�� 140TbÚ 141Dy�

Ä�g^�¡©O�7+Ú9/2−. d	^Ó��{�O�
 143Dy�Ø³U¡, l¥wÑ 143Dy�3k

g^�¡�1/2+�Ä�Ú��-uU�198keV�11/2−�Ó�ÉU�. T(J�2003cEur.Phys.J.

A16:347—351¥� 143DyPC¢�êâ�Î.

'�c β�u�fPC g^�¡ Ø³U¡

1986c{ILBL¢�¿�Wilmarth�<
[1]
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140Tb Ú 141Dy � β � u � f (βp) P C � ¢ � ( J.

â¦���: 140TbÚ 141Dy�βpPC�PÏ©O�

(2.4±0.5)Ú (0.9±0.2)s. d	¦��*ÿ�
 141Dy

�βpPC�¤�)�329 Ú508keV�γ ��, ùü

^γ ��©OéAu1��fØ 140Gd�2+
→ 0+

Ú4+
→ 2+ ��[. 1989 cLBL �Gilat

[2]
q�Ñ:

Wilmarth�<¢�*ÿ�329 Ú508keV�γ��r

Ý ' � b ½ k ° Ø 141Dy � g ^ � ¡ � 1/2+ ½ �

11/2− �O��þØ�Î, Ï�Ð`¤´ùü«

g^�¡��·Ü�z. GilatKïÆ 141Dy�g^�

¡��,ü��¥m�9/2−, �¦���.O��

|±ù�ïÆ. 1991cFirestone�<
[3]

��*ÿ�


140Tb� (EC+β+)PC¤�)�ü^PCγ��, ¿

ÐÚïÆ§�g^�¡�5+. 2000 c, ©z[4]��


 140Tb(EC+β+)PC'��[�êâ, Ù�PÏ�

ÿ½�(2.1±0.4)s. ¿ddïÆ 140Tb�g^�¡A�

7+. �©�3��é 140TbÚ 141Dy�βpPC¢�ï

Ä�?�Ú(J. F"U
©�cÏ©z¥��'

(Ø.

�¢�´3¥I�Æ�=²lf\�ìI[¢

�¿?1�. ã1´�¢�C��«¿ã. dSFC\

�ìÚÑ�Uþ�232MeV� 40Ca12+ lfå, kB

L1.89mg/cm2 þ�HavarI, ?\¿÷���íØ±

í�q¿, BL4.2cm�±í�, 2²L¾üU¡, �

�ñÂ4¬L8�!g| �Ó �q 106Cd. qf�

L8Ý�75%, Ù²þþÝ�1.8mg/cm2. ù4¬qf

þ!S�3��e%��Ô=Óþ, =Ózü©�¨

=Ä90◦. å6��q�Ü �Uþ��182MeV. å

6rÝ��40pnA. 140TbÚ 141Dy´©OÏLKÜ�

uαpn(½3p3n)Úαn(½2p3n) �A��)�. �A

�Ô3q¿¥úz¿NX3V\J��©fìþ, ²

L±��°Ä�����uÂ8¿�Dx�þ. ,�

¯��DÑXÚrNX3Dx�þ���5�Ô±Ï

5/x�¶-Ð�$�.«, ?1p-γ(X)-tÎÜÿþ,

±B*ÿ�A�Ô�β�u�fPC
[5—7]
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�1.00, 0.16, 0.16Ú0.84s. f[+��Ý6m. ¤^V

\J´PbCl2, Ùó�§Ý���430◦C. 2¬�Ñ¦

�570mm2
×350µm�77¡^��N&ÿì^5ÿ

þ�f. §��©O��3Dx��üý. 3z�¬

77¡^&ÿì���k��HPGe(GMX).&ÿ

ìÿþγ(X)��. ÿ���fÚγ(X)���UÌÚ

�mÌ©O^ÎÜ�ª½üÌ�ª¼�.

ã 1 ¢�C�«¿ã

ã 2 ^3.0—7.0MeV��fm��, áu�A�

Ô�PCγ(X)Ì

ã2´^3.0—7.0MeV��fm�����A�

Ô�PCγ(X)Ì. Ø511keV γ��ÚX��	, 3ã

2¥¤k�rγ��¤á�βpk°ØÑ�IPÑ5


. Ù¥, 323, 427Ú531keV γ����@áu 140Tb

�βpPC�1��fØ 139Eu�15/2−
→ 11/2− �

[Úü«ØÓ�13/2−
→ 11/2− �[

[8]
. �1��

fØ 139Eu�19/2−
→ 15/2− �[éA�554keV?v

kw�?Û�¸. 329, 508 Ú628keV γ ����@

áu 141Dy�βpPC�1��fØ 140Gd�2+
→ 0+,

4+
→ 2+ Ú6+

→ 4+ ��[
[9]

.

ã 3 � Ñ 
 323keV γ � � m � � � u � f U

Ì. Ù¥mþ�´�u�fm��323keV γ���

�mPC�, dd��� 140Tb�PC�PÏ�

(2.0±0.5)s. ù�Wilmarth�<
[1]

Ú©z[4]���´

�Î�.

ã 3 ^323keVA�γ��m���u�fUÌ±

9��u�fÎÜ�323keV γ���PC�

(mþ�)

|^ÚO�.
[10]

O�
 140Tb²Lβ�u�fP

C�, ÙØ�1��fØ 139Eu�ØÓ$ ���é

©|'. Ù¥βrÝ¼ê´�âo÷nØ
[11]

�O�.

Ù(J�3L1¥. ·�¢��O�ÙØ�323, 427,

531 Ú877keV$ ��©|'©O�: 30±4, 12±3,

8.5±2Ú< 1. lL1�� 140Tb�Ð©��g^�¡

�7+ ½7− '�Ün. ,	lã3��, � 140Tb�Ð

©��g^�¡�7+ ½7− dÚO�.nØO���

��u�fUÌ�~�C (Ù�O3ã¥A�wØÑ

5), §��¢�ÌÑÎÜ�éÐ.

L 1 éu140Tb�β�u�fPC, b�ØÓ�Ð

©��g^Ú�¡O����PCÙØ�1��

fØ 139Eu�ØÓ$ ���é©|'

Ð©�� Ä� 323keV 427.2keV 531keV 877keV

g^Ú�¡ (11/2−) (15/2−) (13/2−1 ) (13/2−2 ) (19/2−)

6+ 66.9 13.0 12.1 7.9 0.1

6− 63.3 14.2 13.4 8.8 0.2

7+ 46.5 27.8 15.1 9.7 0.9

7− 45.6 29.5 14.6 9.6 0.7

8+ 28.9 44.4 13.4 8.7 4.5

8− 24.7 43.6 15.6 10.3 5.7

Bp = 3.18MeV

ã 4 � Ñ 
 329keV γ � � m � � � u � f U

Ì. Ù¥mþ�´�u�fm��329keV γ���

�mPC�, dd��� 141Dy �PC�PÏ�

(0.9±0.2)s. ù�Wilmarth�<
[1]

���´�Î�.
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ã 4 ^329keVA�γ��m���u�fUÌ±

9��u�fÎÜ�329keV γ���PC�

(mþ�)

|^ÚO�.O�
 141Dy²Lβ�u�fPC

�, ÙØ�1��fØ 140Gd�ØÓ$ ���é

©|', Ù(J�3L2 �¥. ¢��O�ÙØ�

328.6, 836.2Ú1464keV�©|'©O�: 50±6, 39±8

Ú7±4. lL2�� 141DyÐ©��g^�¡�9/2+

½9/2− '�Ün. ,	lã4��, � 141DyÐ©�

�g^�¡�9/2+ ½9/2− dÚO�.nØO���

��u�fUÌ�~�C (Ù�O3ã¥A�wØÑ

5), §��¢�UÌÑÎÜ�éÐ.

L 2 éu141Dy�β�u�fPC, b�ØÓ�Ð

©��g^Ú�¡O����PCÙØ�1��

fØ 140Gd�ØÓ$ ���é©|'

Ð©�� Ä� 328.6keV 836.2keV 1464keV

g^Ú�¡ (0+) (2+) (4+) (6+)

7/2+ 18.0 59.4 22.1 0.4

7/2− 12.8 64.0 22.5 0.7

9/2+ 4.9 49.2 41.1 4.8

9/2− 9.5 48.6 38.8 3.1

11/2+ 3.9 32.3 50.1 13.6

11/2− 1.2 29.3 55.3 14.3

Bp = 0.50MeV

| ^ Woods-Saxon Strutinsky � {
[12]

O � 


140TbÚ 141Dy�|����Ø³U¡ (ã5). 3 140Tb

�³U¡¥w�3β2=0.243Úγ=22.5◦?�3��4

�, §éA�|�´7+(π5/2−[532]×ν9/2−[514]). 

3 141Dy�³U¡¥w�3β2=0.242Úγ=21.5◦?�

3��4�, §éA�|�´9/2− (ν9/2−[514]). �

�, ù«nØO��g^�¡�þã¢�êâ�J�

�´���. ¤±�ó��ª�@ 140Tb�g^�¡

�7+, �ÏL 140Tb� (EC+β+)PCjã
[4]

¤�@�

(J�Ó; �ó���@141Dy�g^�¡�9/2−, �

Gilat
[2]

�ïÆ�Ó.

ã 5 O���� 140Tb(a)Ú 141Dy(b)�Ø³U¡

Audi � <
[13]

� â X Ú Æ í ÿ 143Dy � Ä � �

1/2+. d�, 3åγÌÆïÄ�ÐÚ�@ 143Dy�Ä�

�1/2+, ¿��Ñ��3���U�11/2−�Ó�É

U�, äk310.7keV�-uU
[14]

. ·�|^Ó�Ø�

A�)ÚïÄL 143Dy�PC
[15]

. 3*ÿ 143Dy�P

C�¹5�Â8�m�ÿþ�m�����
, Ï�

143Dy��PÏ�é��
. ¿�ÏL©Û¢�êâ

�©Oïá
 143Dy�1/2+ Ä�Ú11/2− Ó�ÉU�

�, Ó��)βpÚ (EC+β+)PC�PCjã. |^

Woods-Saxon Strutinsky�{O�
 143Dy�|��

��Ø³U¡, Ù(J´ 143Dy�Ä�g^Ú�¡�

1/2+, éA�|�´ν1/2[400], �·,kν3/2[402]�

|©, Ùo4/Cβ2=0.202, γ=26◦ (�ã6(a)). ¿�

3��-uU�194keV�11/2−Ó�ÉU�, Ùo4

/Cβ2=0.198, γ=47◦ (�ã6(b)). nØO�?�Ú|

±
¢���½.

ã 6 O � � � � 143Dy � Ä �(a)Ú Ó � É U

�(b)�Ø³U¡
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β-Delayed Proton Decays of 140Tb and 141Dy as Well as

the Spin and Parity of 143Dy *

XU Shu-Wei1;1) XIE Yuan-Xiang1 XING Ye-Bing1 XU Fu-Rong2 LIU Hong-Liang2 LI Zhan-Kui1

1 (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

2 (Department of Technical Physics, Peking University, Beijing 100871, China)

Abstract 140Tb and 141Dy were produced via fusion evaporation in the reaction 40Ca+106Cd. Their β-delayed proton

decays were studied by means of “p-γ” coincidence in combination with a He-jet tape transport system, including

half-lives, proton energy spectra, γ-transitions following the proton emissions, and the branching ratios to the low-lying

states in the grand-daughter nuclei. The ground-state spins and parities of 140Tb and 141Dy were extracted as 7± and

9/2± , respectively, by fitting the experimental data with a statistical model calculation. The configuration-constrained

nuclear potential energy surfaces (NPES) of 140Tb and 141Dy were calculated by using the Woods-Saxon Strutinsky

method, which indicate the ground-state spins and parities of 140Tb and 141Dy to be 7+and 9/2−, respectively. In

addition, the configuration-constrained NPES of 143Dy was also calculated by using the same method. From the NPES

a 1/2+ ground state and a 11/2− isomer with the excitation energy of 198keV were found. The calculated results are

consistent with our experimental data on the decay of 143Dy reported in Eur. Phys. J., 2003, A16: 347—351.

Key words β-delayed proton decay, spin and parity, nuclear potential energy surface
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