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1 (¥I�Æ�C�ÔnïÄ¤ =² 730000)

2 (¥I�Æ�ïÄ)� �® 100049)

Á� 3210MeV�å6Uþe, |^lfLÜ�u�A 146Nd(35Cl, 5nγ) 176Ir�)äkβ+/ECP

C5��Ø� 176Ir, d±��¯��DÑXÚò�A�ÔDx�$�.«?1ÿþ. ²L¢�êâ�

l�?n©Û, é@kuL� 176IrPCγ�[?1(@�Ó�quy
3�#U?Ú10^#�γ��,

´L
 176OsØ�$ -u�U?jã. ¿�â;.γ���PC�mÌïÆ
 176IrØ����Æ·

�$g^ÓØÉU�.

'�c EC/β+ PC ±���DÑXÚ PCjã �PÏ

1 Úó

β+/ECPC´"¥fØ�~��PC�ª, §´

ïÄÚ(@PC1ØÄ�9ÓØÉU�5��Ì��

{, �´ïÄPCfØ$ �, AO´�'�U?(

��Ì�Ãã. cÙ´éu"¥fVÛØ, §�ü�

�¤édØf�±?u¤�¡NCØÓ�Z�Ö;�

þ, l�±ÍÜÑ�p��ÞÚÄ�g^�, e2

�ÄÙ��β+/ECPCU, ùÒ�ïÄPCfØ�p

g^Ú-uU?��'�(�Jø
�U, <�®²

|^ù«�{��
´a�ïÄ¤J
[1]

.
176Ir�"¥fVÛØ, Ùβ+/ECPC�©|'�

96.9%, PCU�8.00MeV, α PC�©|'�3.1%,

PCU�5.118MeV
[2, 3]

. @31967c, Siivola
[4]

ÏL

α PC�Ñ
 176Ir �PC�PÏ�8(1)s. 1990 c,

Bosch
[5]

�<ÏLβ+/ECPC�Ñ
 176Ir ��PÏ

�9(1)s, ¿��ÑÄ�g^�¡�5+, �´vk�Ñ

�mÌ. 1994c, Kibedi
[6]

�<ÏL 176Irβ+/ECPC

ïá
�)17�U?39^γ���PCU?jã, Ó

��Ñ 176Ir�PC�PÏ�8s (v�Ø�), ,�v

��mÌ. �¢��|, 3é 176Irpg^�ïÄ
[7]

�,

�3���
�
#�PC&E, #uy
�
γ�

�. �
?�Ú(@ù
γ��, ?¼�´�fØ

176Os�$ �ØÌÆ&E, /Ï±���DÑXÚ,

|^ 146Nd(35Cl, 5nγ) 176Ir�AïÄ
 176Ir�β+/EC

PC5�.

2 ¢��{

¢�´3¥I�Æ�C�ÔnïÄ¤�=²

lf\�ìI[¢�¿�¤�. d÷/à�£

^\�ì (SFC)ÚÑ�210MeV�lfå 35ClB

L2.0mg/cm2 �HavarI�, ?\¿÷���íØ±

í�q¿, ¿ñÂ�1.8mg/cm2 þg| �Ó �

146Ndqþ. å6rÝ��0.5µA, å6²U����

q��Uþ��180MeV, �ÐéAunØýó�)

8IØ�¡���Uþ. ���q3r6ñÂeLz,

3Ù±�q¿XÚ¥�OÚSC
6ÄYe%C�,
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,	6Ä�±í��±�rÜ©9þ. T�A�)�

��5�Ôlg| q¥�ÀÑ5NX3íM�G

�NaClV\Jþ/¤�©f8ìÓ���úz, \

9NaCl�¬§��´600◦C, ,��A�Ô3Øå�

��^e, �±í²6m��f[+�¯�Dx�$

�.«�ý�Â8¿¿�í�DÑ�þ, 2d�DÑ

XÚ±Ï5/ò�A�ÔDx�ÿþ«?1ÿþ. �

[�¢�ÙÛ�ë�©z[8]. ��¢�´©3��ã

?1�. 1��ãÚ1��ã?1�´γ-tüÌÿþ,

�DÑXÚ��m��´: Â8�m©O�18.3 Ú

36.3s, ���mþ�0.3s, .��mþ�0.22s, éA�

ÿþ�m�18Ú36s; 1n�ã?1�´γ-γ-tÎÜÿ

þ, �DÑXÚ��m��´µÂ8�m�18.3s, �

��m�0.3s, .��m�0.22s, ÿþ�m�18s.

ÿþXÚ´d3�&ÿì�¤, ��²¡.pX

÷(GLP)&ÿì^uÿþ$Uγ 9KX��, ��Ó

¶.pX÷(GMX)&ÿìÚ��Segmented Clover

&ÿì, ^uÿþγ��, �`²��:´, ��Seg-

mented Clover &ÿìd4 ¬÷¬N�¤, ¢���

±©4´¦^, ��u4�Õá�pX÷&ÿì. §

�©ü|©O��3DÑ��üý, �éX��5

í�?1ÿþ. ¢�c�©O^ 60Co, 133BaÚ 152Eu

IO��épX÷&ÿì?1UþÚ�Ç�Ý,

GLP&ÿìé 133Ba�356.0keV�γ��Uþ©E´

1.0keV; GMX&ÿìÚ4 ´Clover &ÿìé 60Co �

1332.5keV�γ��Uþ©E32.4—4.0keV�m.

¢�êâÏLõëêêâ¼�XÚ(MPA3)P¹

3�ÅM�þøl�?n©Û.

3 (J�?Ø

3¢��c, �ó�|é 176Ir pg^U?(�

?1
ïÄ (äN¢�^�Ú(J�ë�©z[7]), 3

l�êâ?n�, uy
�
#�pUγ �[, §

�� 176Os Ø
[6]

�KX��!®�γ �[Ú�>f�

«¤�)�511.0keV�γ���ÎÜ. ã1�Ñ
A

�;.m�Ì, lã¥�±�ß/wÑ1396.0keV

�γ��� 176OsØ®��135.0, 260.3, 346.9keV�

��ÎÜ�414.9keV�γ��ØÎÜ, 706.5keV�

γ���®��689.4keV�γ��ÎÜ, �706.5keV

�689.4keVUþÚ�1396.0keV, ·�@�1396.0 Ú

706.5keV���ò-u 176Os Ø�2138.3keV�-u

U?(©z[6]��*ÿ�
�[�β��707.7keV�

γ��, du§��á5vk�\jã), � 176OsØ

�pg^ïÄ
[9]

¥vk*ÿ�ù
γ��, Ù�Ï�

U´TU?�p �'�U?, ÏLlfKÜ�

u�A´uÙØ��´�fØ�'�½C'�U?,

¤±·�@�ù�#�-uU?4k�UÏL 176 Ir

Ø�β+/ECPC��ÙØ.

ã 1 A�;.�γ��m�Ì

ã 2 �ó�ÿþ�γüÌ

ã2�Ñ
�ó�ÿþ� 176IrØPC�üÌ, �

±wÑ3�ó�ÀJ��q|Ü!å6UþÚÿþ

^�e, 8IØ176IrPC�γ��äk�~âÑ�`

³, Ó��±wÑγ��äk�Ð�Uþ©EÇ. �

���:´, ·�3üÌÿþ¥�ß/w�
1396.0

Ú706.5keV�γ ��, ù�ÿþ(J?�ÚL²


1396.0, 706.5keV�γ��92138.3keV�#U?�´

176IrØβ+/ECPC��Ô. d	, ±c<�ÏLPC

ïÄ3W
[10]

, Os
[6]

, Pt
[11]

Ø�¥Ø
XÚ/uy
Ä

�� (ground state band)!(O)γ�Ä�!(O)β�Ä
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�Úl?�Ä��	, �3W
[10]

, Pt
[11]

Ó �¥uy


�
-u�ªÚg^�¡�ÑØ��Ù�p -u

U?, d?�Ù��~aq.

Ó�/, ²Lc[�m�©Û, �âù
γ��

�®�γ�[!KX���ÎÜ!UþÚ�'X±9

176Ir ØPCÿþ�(J, é'±�Ø®��3å9

PC&E
[6, 9—11]

, ã3�Ñ
�ó�ïá�PCU?

jã. ·�3®k�U?jã¥V\
#uy�-

uU�1929.5, 2102.8, 2138.3keV�3 �U?Ú��

�ë��671.5, 706.5, 1077.5, 1112.8, 1361.5, 1396.0,

1534.2, 1707.5, 1743.5Ú1794.5keV�10^γ�[. j

ã¥I²
��U?Ú�A�^�[�Uþ�, γ�

��o[�LÙ�érÝ���. L1�Ñ
γ��

�Uþ!�[�©"�U?Ú�érÝ�äNê�.

ã 3 �¢�ïá� 176IrPCU?jã

�¢��,���8�´ÏLJ�![ÜPC

γ����mÌ��PC1Ø�PC�PÏ. ¢�ê

â3l�?n���ü¤
�A�γ-tUþ�mÝ
,

ÏLUþm�¿c[/�Ø�.�, �±��TUþ

éA�γ���PC�mÌ. ã4�Ñ
ÿþ�m�

36s�A^;.γ���PC�, ¿I²
PCγ�

��1Ø!Uþ9[Ü����PÏ. 3�¢�¥�

�ß/*ÿ�
 175IrØβ+/ECPC7+/2 → 5−/2�

[�105.6keV�γ��(�wã2), Bouldjedri�<
[12]

æ^He-jet�DÑÿþEâ, 3ÿþ�m�40s�^

�e, �Ñ
§��PÏT γ

1/2 �13(2)s, ¿�Jø


PC�, ùp�±��·�J��PÏ�ë�. �

ó�3ÚO�Ð��¹e, æ^���¦{[Ü�

�105.6keV����PÏ�13.7(0.8)s, �©z[12]�

��(J���Î, l�½
�¢�êâ���

5. [Ü�¢�8IØ 176Irβ+/ECPCrÝ�é�

r�γ ���PC�mÌ, (Juy2+
gs → 0+

gs �[

�135.0keVγ��PC�PÏ'4+
gs → 2+

gs �260.3Ú

6+
gs → 4+

gs �346.9keV�γ���PC�PÏ��, 3

Ø���SØU�±c���9(1)s�Î
[5]

. .�©

Û�±(@§Ø´ËÀ¤�, ¿�lã2¥�±wÑ

8IØ 176Ir���²wruÙ¦¤©, =¦�3�þ

�ËÀ�Ø¬��Ù�PÏ���UC. ùp�U�

�Ï�k3�: 2+
gs �=Uþ�135.0keV�-uU?Æ

·��; k���PÏ���γ��PC�
TU?,

=135.0keV�γ��·kü«ØÓÆ·�¤©; 1Ø

����Æ·�ÓØÉU�PC�
TU?. ±�

Ø�XÚ&E9m�Ì�¯ÎÜ'X�±�Ï·�

üØ1�Ú1n«�U, ¤±·�c[J�
ò-�

135.0keVU?�γ����PÏ, uy2+
β → 2+

gs �[

�607.2keV�γ ����PÏ�17.6(1.7)s. �e5

·�Ò�ÏéÚ?Ø607.2keV�γ����PÏ��
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L 1 �ó�J�� 176IrPC�γ����érÝ

E
a)
γ /keV Ei/keV Ef/keV I

b)
γ

135.0 135.0 0 759(38)

141.2 741.2 601.2 2(1)

233.0 1707.7 1475.1 6(2)

236.8 1753.5 1516.2 13(3)

260.3 395.3 135.0 1000(40)

282.9 1025.2 742.3

39(3)

283.1 1025.2 742.3

312.0 1349.6 1037.6 5(1)

346.9 742.3 395.3

423(22)

346.9 742.3 395.3

360.3 1223.8 863.6 7(1)

371.6 1409.4 1037.6 5(1)

406.3 1431.6 1025.2 38(3)

414.9 1157.1 742.3 88(7)

437.4 1475.1 1037.6 33(5)

466.1 601.2 135.0 10(2)

467.9 863.6 395.3 5(1)

481.6 1223.8 742.3 8(1)

485.9 1349.6 863.6 3(1)

596.4 1753.5 1157.1 9(2)

601.3 601.2 0 19(2)

607.2 742.3 135.0 135(8)

629.8 1025.2 395.3 95(6)

642.2 1037.6 395.3 2(1)

667.2 1409.4 742.3 15(2)

671.5 2102.8 1431.6 76(5)

689.4 1431.6 742.3 81(5)

706.5 2138.3 1431.6 57(4)

728.5 863.6 135.0 35(3)

773.9 1516.2 742.3 25(2)

828.4 1223.8 395.3 18(2)

863.6 863.6 0 30(3)

890.6 1025.2 135.0 2(1)

902.6 1037.6 135.0 50(4)

965.4 1707.7 742.3 15(2)

1011.0 1753.5 742.3 7(1)

1014.0 1409.4 395.3 26(3)

1036.4 1431.6 395.3 8(1)

1077.5 2102.8 395.3 9(1)

1079.8 1475.1 395.3 20(2)

1088.8 1223.8 135.0 19(2)

1112.8 2138.3 1025.2 11(2)

1214.6 1349.6 135.0 35(3)

1361.5 2102.8 742.3 43(3)

1396.0 2138.3 742.3 75(3)

1534.2 1929.5 395.3 23(2)

1707.5 2102.8 395.3 12(2)

1743.5 2138.3 395.3 15(2)

1794.5 1929.5 395.3 18(2)

a) UþØ(½Ý�0.5—1.0keV; b) �éu260.3keV�γ�

�(I = 1000).

��Ï, du4+
β → 2+

β �[�282.9keV�γ��ÚO

�f, ã4¥J�
4+
β → 4+

gs �[�629.8keV�γ�

���PÏ�9.2(0.7)s, �±ä½§�Ù¦����

PÏ��þ5g1Ø�Ó�Ø��PC, 2�ÄÎ

Ü'X, ·�í�4+
β Ú2+

β �ÑØ´�Æ·-uU?,

¤±knd@�1Ø����Æ·�ÓØÉU�P

C�
2+
β �-uU?. lPC�XÚ5©Û, ù�

172,174Ir
[1, 13]

Ó ��PC�~�q(174 Ir¥�*ÿ�

2+
β → 2+

gs �[�532.4keV�γ��k�����PC

�PÏ), ¿��X¥fê�4~, PCUÅìO�P

C�PÏÅì~�. 3Tl, Au, Re, Ta �
[13]

VÛØ

¥�kaq��¹. �âXÚ5ÚG-T�[5K
[14]

,

·�ïÆ1Øk��$g^ÓØÉU�, Ù�Zg

^��2½3. ,	.�©Û�uy607.2keV�γ�

�Ø
�135.0keV�γ��ÎÜ	, ��282.9keV�

γ��k�fÎÜ, ù`²607.2keV�γ��5gü

�ØÓ�¤©Ì�¤©´1Ø�$g^ÓØÉU

�. ©z[4]¥ÿ� 176IrØPC�PÏ�8(1)s!Uþ

�5.118MeV�αâfA5g1Ø�pg^ÓØÉU

��PC. ã4��Ñ
�ó�¤����r�#�

1361.5Ú1396.0keV�γ����PÏ©O�9.9(1.1)

Ú9.8(0.8)s, §�� 176IrØβ+/ECPC�®�γ��

��PÏ (607.2keV�γ��Ø	)�Î, ù�?�Ú

ã 4 �ó�J��;.γ����m�
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|±
·�éù
γ��8á��½.

3 � C � 175,177Ir
[15, 16]

, 175Os
[15]

Ú 177Pt
[16]

� Û A Ø � ¥, * ÿ � 
 π1/2[541], π9/2[514],

π5/2[402], π3/2[402], π1/2[530], π1/2[660] Ú

ν5/2[512], ν7/2[633] Ú ν1/2[521] �� O â f � Þ

-uU, æ^�²�O�
[17—20]

�{, ã5 �Ñ
"

?Cq
[17]

¿�Ø�ÄGallagher-Moszkowski(GM)3

�
[21]

�ÍÜ����AüOâf���Þ-uU

 �, J�L«ÍÜTU?�ÛAØ�Þ-uUk

Cq�, Kπ
T ÚKπ

S ©OL«UìGM5K
[21, 22]

üO

âfÍÜ�g^²1n�Úg^�²1ü��

��Þg^Ú�¡, �“*”�|�L«3 176Ir �p

g^U?(�ïÄ¥
[7, 23]

®²*ÿ=Ä�U?(

�. (Üã5, ¿�Ä�Dè«VÛØGM3��

��
[21]

±9π1/2[541]��Þ�5/2−
[14, 24, 25]

, ·�

� ± � � U þ � $ � � Þ g ^ � � ± Í Ü Ñ 2—

3 � $ g ^ | � � U ´ π1/2−[541] ⊗ ν1/2−[521] Ú

π9/2−[514]⊗ν5/2−[512]. π1/2−[541]⊗ν1/2−[521]�

±ÍÜÑ3+ �, π9/2−[514]⊗ν5/2−[512]�±ÍÜÑ

�2+ �, ù�´·�¤ïÆ�PC1Ø�$g^ÓØ

ÉU��ü���U|�.

ã 5 ýó� 176IrüOâf��Þ-uU

�öa�¥I�fU�ÆïÄ��q¢�¿Jø

� 146NdÓ �q, a�=²lf\�ìI[¢�

¿SFCJøp¬�� 35Clå6.

ë�©z(References)

1 Audi G, Wapstra A H. Nucl. Phys., 1995, A595: 409

2 Browne E, Huo J. Nucl. Data Sheets, 1998, 84: 337

3 Singh B. Nucl. Data Sheets, 1995, 75: 199

4 Siivola A. Nucl. Phys., 1967, A92: 475

5 Bosch U, Koschel P, Schmidt-Ott W D et al. Z. Phys., 1990,

A336: 359—360

6 Kibedi T, Dracoulis G D, Byrne A P et al. Nucl. Phys.,

1994, A567: 183

7 ZHANG Y H, Oshima M, Toh Y et al. Eur. Phys. J., 2002,

A13: 429

8 WANG X D, XU S W, LI Z K et al. High Energy Phys.

and Nucl. Phys., 2003, 27(4): 309(in Chinese)

(�RÀ, Mä%, oÓ¿�. pUÔn�ØÔn, 2003, 27(4):

309)

9 Dracoulis G D, Fahlander C, Fewell M P. Nucl. Phys., 1982,

A383: 119

10 Kibedi T, Dracoulis G D, Byrne A P et al. Nucl. Phys.,

2001, A688: 669

11 Davidson P M, Dracoulis G D, Kibedi T et al. Nucl. Phys.,

1999, A657: 219

12 Bouldjedri A, Duffait R, Beraud R et al. Z. Phys., 1992,

A342: 267

13 Schmidt-Ott W D, Salewski H, Meissner F et al. Nucl.

Phys., 1992, A545: 646

14 Konopinski E J. Rev. of Mod. Phys., 1943, 15: 209

15 Basunia M S. Nucl. Data Sheets, 2004, 102: 719

16 Kondev F G. Nucl. Data Sheets, 2003, 98: 801

17 Cardona M A, Kreiner A J, Hojman D et al. Phys. Rev.,

1999, C59: 1298

18 Drissi S, Bruder A, Carlen M et al. Nucl. Phys., 1992,

A543: 495

19 Hoff R W, Kern J, Piepenbring R et al. Capture

Gamma-Ray Spectroscopy and Related Topics. AIP Conf.

Proc.(No.125). New York, 1985. 274

20 ZHANG Y H, Hayakawa T, Oshima M et al. Eur. Phys. J.,

1999, A5: 345

21 Jain A K, Sheline R K, Sood P C et al. Rev. of Mod. Phys.,

1998, 70: 843

22 Gallagher C J, Moszkowski S A. Phys. Rev., 1958, 111:

1282

23 Bark R A, Baxter A M, Byrne A P et al. Phys. Rev., 2003,

C67: 014320

24 JIN H Q, Riedinger L L, YU C H et al. Phys. Lett., 1992,

B277: 387

25 YANG C X, Kownacki J, Garrett J D et al. Phys. Lett.,

1983, B133:39



206 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò

β+/EC-Decay Study of 176Ir Neutron-Deficient Isotope *
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GUO Wen-Tao1 DING Hua-Jie1 NIU Yan-Ning1

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

2 (Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract The β+/EC decay of doubly odd 176Ir has been investigated using 146Nd(35Cl, 5nγ)176Ir heavy ion fusion

evaporation reaction at 210MeV bombarding energy. With the aid of a helium-jet recoil fast tape transport system, the

reaction products were transported to a low-background location for measurements. Based on the data analysis, the

previously published γ rays in 176Ir decay were proved, moreover, 3 new levels and 10 new γ rays were assigned to 176Ir

decay. The new level scheme of 176Os with low excitation energy has been established. The time spectra of typical γ

rays clearly indicate a long-lived low-spin isomer in 176Ir nuclide.

Key words β+/EC decay, He-jet tape transport system, decay scheme, half life
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