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Á� |^3åγÌÆ¢�Eâ, ÏL 173Yb(19F, 4nγ)�AÙØ
 188Au�pg^�, ¿éÙOâf�

(�?1
ïÄ. Äu¢�ÿþ(J, é�k�VÛØ 188AuU?jã�
���?U. ÏLXÚ5'

�, é15+ ±þ�U?(�?1
?Ø.

'�c 3åγÌÆ VÛØ 188Au pg^� γ/C

1 Úó

�þêA ≈ 190«�Ø?u��/CLÞ«,

78Pt, 79AuÚ 80HgÓ �ó¥Ø�/C¥yÑ�½5

Æ5. ù
Ø¥��Ó ��'�Ì�/Gäk�ý

/C, �X¥fê�O\, �ýC��'�¿Åì�

Aý/C¤O�
[1]

, 3k
Ø¥Ñy�ýÚAý/G

���y�
[2—6]

, 'XÛAØ 185—189Au
[4, 7, 8]

; 
3±

c���ÛÛØ 184Au
[9]

Ú 186Au
[10]

¥�uy
�Ó

�y�. ÛÛØ 188Au�@�?3�ýÚAý¿��

��:, ¤±ïÄ§�pg^�äk�~­��¿Â.

Äu@Ï�ïÄ(J, ©z[10]QéÛÛØ 186—192Au

�Aý(�?1
XÚ�ïÄ, @�ù4�ØÄu15+

±þ�U?(�´�q�, �´�Cé 190,192Au
[11]

�

[�ÌÆïÄy¢©z[10]�Ñ� 190,192Au 15+ ±þ

�U?(�k¯K. 188Au´Ä��3�Ó�y�?

Äuþã�¹, ·�|^­lfLÜ�u 173Yb(19F,

4nγ)�AéVÛØ 188Au­#?1
3åγÌÆïÄ.

2 ¢�Ú(J

2.1 ¢�ÿþ

¢�´3F��fåïÄ¤(JAERI)G�\�ì

¢�¿�¤�. ^\�ìJø� 19Få6ñÂ 173Yb

�7áq, �)?upg^�� 188AuØ. q��þ

þÝ��2mg/cm2, ¿�k�5mg/cm2 �Pb±{�

�A�Ôlq¥�ÀÑ5, E¤3åγ���õÊV

 £. ^15��kBGO�xÊî³��pX÷&ÿ

ì?1
3åγÿþ. ¢�c�þ^ 152Eu, 133BaÚ

60CoIO��
épX÷&ÿì�
UþÚ�Ç�

Ý. é 60Co
�1332keV�γÌ�, &ÿì�Uþ©E

32.0—2.8keV�m. ¢�¥©O386MeVÚ90MeV

�å6Uþe?1
��m�γ-γ-tÎÜÿþ, γ-γ-t

ÎÜêâ±¯���ªP¹�êâ©�¥, �¼�


�3×108 �ÎÜ¯�.

3l�êâ?n�, é�&ÿì?1OÃ��,

2005 – 04 – 19 Âv
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,�òÎÜêâ�ü¤�kØÓ�m^��ÎÜÝ


. �
(½γ����[õ45, ?
�½�'U

?�g^�, �ó�3ÎÜ�ªeÿþ
γ����

�É5Ý, =ADOXê. äN��{´: 3êâ?n

�, r u±32◦ Ú90◦ ?�&ÿìP¹��γ��©

O�3ü�Ý
�y¶þ, ��ÎÜ�γ��ØØ�

=��Ý�&ÿì¤P¹, Ñr�A�Uþ����

AÝ
�x¶þ, l
ïá
ü�Øé¡�Ý
. ^

�r�γ��éùü�Ý
?1y���ÝK, ½Â

ADOXê�±32◦ Ú90◦ ��þ�ÝKÌ¥γ���

rÝ', =RADO = Iγ(±32◦)/Iγ(90◦). �âó4Úo4

�[��©ÙA5, 3�¢�¥§�éA�Xê©O

�0.75Ú1.16.

2.2 U?jã�ïá

3�ó��c, Janzen�<|^­lfLÜ�u

�Aïá
 188Au�U?jã
[10]

. �ó�Äu®��

γ��, ÏLé¢�êâ��[©Û, Xc['��^

γ���mIÌ, ÏLrÝ²ï!���[�ÎÜ'

X, ïá
 188Au�#�U?jã, (JÐ«3ã1¥.

ã 1 �¢�¤ï� 188AuU?jã

�
éγ��õ45��½, �¢�J�
�é

'�r�γ���ADOXê, L1�Ñ
¤J��

188Auõêγ���Uþ!U?� �Úg^!�é

rÝ!©|'!B(M1)/B(E2)�!ADOXê±9γ

���õ45. ã2(a)�Ñ
^446keVmI���

ÎÜÌ, l¥�±�Ù/w�jã¥�õêγ���

�3.

3 Janzen � <
[10]

� ó � ¥, ¦ � r 704keV Ú

693keV � ü ^ γ � � � 3 17− � � þ ¡, ¿ � Ú

446.7, 721.4, 793.8|¤ïá311− þ�óêg^�U

?X�,706.1keVÚ629.3keV�316−�þ¡Ú488.6,

730.6|¤ïá312− þ�óêg^U?X�. 3·�

�êâ¥¿vké�kÎÜ'X�704Ú693�ü^

γ��, ÏLc[©Û, ·�@�704Ú693´5gk

ÎÜ'X�706.1, 205.2Ú692.3�À/ (¦��êâ

¥704Ú693éf). 3·��U?jã¥, ·�@�

537.5, 508.7Ú807.4AT©Oáu|¤ïá311− Ú

12− þ�óêg^�U?X��γ�[. ��¡#u

y�378.6keV(18− → 17−)�γ��|±·��(Ø,

,��¡ÏL� 190Au
[12]

, 192Au
[11]

�U?m��XÚ

5'��Ú·��(Ø�Î. ã2(b)�Ñ
706keV γ

��mI���ÎÜÌ, lÌ¥·�Uw�Nõ^#

�γ��, ��p���[. 205.2keV�γ��g�k

ér�ÎÜ'X, ¿�Ú303.4�kÎÜ'X, ¤±3

jã¥·�Ñ��
�A� �.

ã2(c)Ú(d)©O�Ñ
531Ú242keVü^γ�

��mIÎÜÌ. l(c)¥�±w�3^ (299, 258.6,

219.6keV) é r � γ � �, 
 l(d)¥ · � � w � Ù

¥ � ü ^ (299 Ú 219.6keV)γ � �, d d � ± � Ñ

299keV�γ���531Ú242keVü^γ��ÑkÎ

Ü ' X (531 Ú 242keV � m ¿ v k Î Ü ' X), 


258.6keV�γ��Ú531keV γ��kÎÜ'X, �

Ú242keV¿ØÎÜ, ¤±531keV γ���[��U

?Ú242keV γ���[��U?¿Ø´Ó��U?,


´ü�ØÓ�U?, 3ùü�U?�m�kγ�[,

ÏLXÚ5·�b½531keV γ��ÏLvk�*	

��ü^$Uγ���[¿©O�299, 258.6keV�

ÎÜ. 3 190Au
[12]

Ú 192Au
[11]

¥�*	�
�q�(

� (�ã3), 3 190Au¥*	��q�[�ü^γ��

�Uþ©O�23Ú62keV. ,	lÎÜ'X¥·��

�±�Ñ17+ ��U?ÏL�^vk�*	��Uþ

�45.7keV�γ��ò-�16+ �.
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L 1 �¢�ÿþ�� 188Au�γ���Uþ!g^!rÝ!©|'!B(M1)/B(E2)�!ADOXê9γ�[�õ45

Eγ/keVa) Jπ
i →Jπ

f Iγ
b) λ B(M1)/B(E2) RADO ML

Band a

313.8 (12−)→ (11−) 121(9) 0.83(07) M1/E2

446.7 (13−)→ (11−) 162(13) 1.12(14) E2

132.5 (13−)→ (12−) 17(2) 8.79(57) 0.61(07) 0.66(09) M1/E2

488.6 (14−)→ (12−) 15(2) 1.24(23) E2

355.6 (14−)→ (13−) 135(10) 0.12(01) 3.52(31) 0.89(07) M1/E2

721.4 (15−)→ (13−) 65(5) 1.19(10) E2

365.4 (15−)→ (14−) 22(3) 2.22(22) 1.26(13) 0.80(08) M1/E2

730.6 (16−)→ (14−) 29(3) 1.08(11) E2

364.7 (16−)→ (15−) 25(3) 1.16(12) 2.58(12) 0.79(07) M1/E2

793.8 (17−)→ (15−) 21(3) 1.07(12) E2

428.8 (17−)→ (16−) 13(3) 3.15(31) 0.88(09) 0.66(11) M1/E2

807.4 (18−)→ (16−) 19(4) 1.26(28) E2

537.5 (19−)→ (17−) 13(3) 1.29(18) E2

378.6 (18−)→ (17−) 7(2) 2.56(60) 1.73(40) 0.94(17) M1/E2

158.5 (19−)→ (18−) 4.0(9) 3.48(29) 2.25(19) 0.87(16) M1/E2

303.4 (20−)→ (19−) 13(3) 0.87(13) M1/E2

205.1 (21−)→ (20−) 10(2) 0.75(13) M1/E2

508.7 (21−)→ (19−) 2.0(7)

706.1 (18−)→ (16−) 28(5) 1.21(15) E2

277.0 (18−)→ (17−) 9(2) 2.94(31) 1.96(21) 0.92(21) M1/E2

629.3 (20−)→ (18−) 19(3) 1.25(27) E2

860.3 → (20−) 5.0(8)

268.8 (21−)→ (20−) 5(1) 0.86(14) M1/E2

431.5 4(1) 0.85(17) M1/E2

183.3 (20−)→ (20−) 2(1) 1.00(19) M1/E2

256.2 4.0(9)

480.1 4(2)

403.7 (22−)→ (21−) 4(1) 0.66(17) M1/E2

672.9 3.0(4)

205.2 (19−)→ (18−)

205.1 (20−)→ (20−)
+7(2) 0.62(15) M1/E2

303.4 (20−)→ (19−) 4(1) 0.77(14) M1/E2

692.3 (21−)→ (19−) 1.24(24) E2

Band b

275.8 → (18+) 1.0(2)

299.0 (18+)→ (17+) 33(3) 0.82(07) M1/E2

531.4 (22+)→ (20+) 27(3) 1.26(13) E2

475.5 → (20+) 13(1) 0.96(12) M1/E2

776.0 (24+)→ (22+) 10(2) 1.07(13) E2

519.0 (23+)→ (22+) 10(1) 0.89(10) M1/E2

817.0 (26+)→ (24+) 5(1) 1.41(27) E2

559.1 (25+)→ (24+) 4(1)

394.6 4.0(7) 0.70(11) M1/E2

256.5 (24+)→ (23+) 2.0(4)

258.6 (26+)→ (25+) 3.0(7)

Band c

265.3 (17+)→ (15+) 20(2) 1.12(10) E2

219.6 (16+)→ (15+) 58(5) 0.79(06) M1/E2

258.6 (18+)→ (17+) 30(3) 0.94(08) M1/E2

541.7 (19+)→ (17+) 5.0(5)

242.2 (19+)→ (18+) 2.0(6)

341.5 (17+)→ (16+) 10(1) 0.88(17) M1/E2

282.5 (19+)→ (18+) 3.0(5)

320.9 3.0(5)

l�(b)Ú�(c)��(a)��[

886.7 (15+)→ (14−) 100(8) 0.75(06) E1

421.5 (17+)→ (16−) 17(2) 0.75(09) E1

a)UþØ(½�0.3—1.0keV; b)rÝØ(½Ý�5%—30%.
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ã 2 A�;.�.�Ì

3 ?Ø

LÞ« 78Pt, 79Au, 80HgÓ �¥, �­�Ø�

@�äk |β| 6 0.16
[13—15]

�Aý/C, d�f u

h11/2 æ��ºÜ, d¥f u i
13/2

�¥þÜ, ÑéA

$Ω �;�, �k
Ø$g^��ïÆäk�¶é¡

(nonaxiality)�/C
[15, 16]. üOâf�πh−1

11/2⊗νi−1
13/2

3VÛØ 190,192,194Au¥�©O��L
[17]

, ��)º

�dü�=Ä^ü�Oâf�äk��/C��

¶é¡�Hg%�ÍÜ¤/¤�=Ä^ü� (rotation-

aligned bands)
[17]

. �CGueoryuieva�<
[18]

�ïÄ(

JL² 190Auäk�¶é¡�/C, ¦�^TRS(total

Routhian surface)ÚCSM(cranked shell model)éT

Ø«¤�¡NC��fÚ¥féØ¢�°Ä�A?

1
O�, (Juyh11/2 �f�ÇU°¦Ø¢�)

γ 6 −80◦ �n¶/C, 
h9/2 ¥f�ÇKU�)�

C−90◦ /C, ¿���3d/Ce, nØO�5g

i
13/2

¥f�$Ω ;��A, B, C Routhians�^¡3

�(signature splitting)C��~�, 
�B Routhians

C¤'�, A RouthiansC��p, ¤±XJk��(½

ü�)¥f�-u,§ÒUÓâA, B, C(AB, BC, AC)
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ã 3 20+ U?�XÚ5'�

Routhians¥�?Û��;�, ù�ÒU��3�=Ä

^ü��/¤
[18]

. e¡·�^Gueoryuieva�<�(

Ø5?Ø 188Au(�A5.

Janzen�<
[10]

Q²é�a(�ã1)Oâf^ü!

£�y�9$g^?�^¡�=�
�[?Ø, ¦

�@�d�3$g^����Aý/C, �Xg^

��O\, =ÄªÇ�\¯, AO´u)^¡�=�

(ω = 0.35)Øäkγ ≈ −70◦ �n¶/C (du·��

¢�(JÚ¦���, ¤±ùp¿Øõ\?Ø, ��

©z[10]). ^Gueoryuieva�<��{Ué 188Au�

πh−1
11/2⊗νi−1

13/2 �(��/¤?1Ün�)º: h11/2 �

f�Ç°¦Ø�)γ/C, ¦� i
13/2

¥fÓâ�$�

B, C Routhians, l
/¤ïá311− Ú12− �=Ä

^ü�, ©OéAeBÚeC(� (Ù¥A, B, C, E, F, e

Routhians��¡Ú^¡��ë�©z[12]).

,	, ïá3 Iπ = 10− Ú Iπ = 31/2+ þ�Ó�

ÉU�©O3 190,192Pt(©z[19,20])Ú 187,189,191,193Au

(©z[4,5,21—23])¥�*	�, Ù¤Ï�@�du

νh−1
9/2i

−1
13/2 � O â f � - u. Perrin � <

[24]
Ï L ÿ

þ 189,191Au Ú 190Pt � g Ï f � � Ñ 
 Ó � � ( Ø.

� C Gueoryuieva � <
[11]

Ï L ÿ þ 190,192Au ü Ø ¥

20+ � � T1/2 � ( ½ § � ´ Ó � É U �, Ù Æ ·

© O � 7.0 ± 0.3ns Ú 5.4 ± 0.3ns, ¿ � � Ñ § � ´

d u νh−1
9/2i

−1
13/2 � ü O â f - u ¤ � ). ã 3 � Ñ


 188,190,192Au � X Ú 5 ' � (190,192Au ê â 5 g ©

z[11]), l¥�±wÑ§�(���q5 (cÙ´

�µ4�Ü©). ¢�O��Ñã1�(b)�Oâf^

ü�3=ÄªÇω = 0.261MeV����20~, lNils-

sonüâf;�ã¥�±w�, 3ù�«�UJø�

Äþ�20~�oOâf(��kπh−1
11/2 ⊗νi−2

13/2h
−1
9/2 Ú

πh−1
11/2 ⊗νi−2

13/2f
−1
7/2, �§��ÍÜ©OUJø22~Ú

21~��Äþ, 
�3ù�Ø«νh9/2 ;�'νf7/2 ;

���C¤�¡. ÏLùü�¡��Ä@�, 188Au

�20+ ��πh−1
11/2 ⊗ νi−2

13/2h
−1
9/2 oOâf(�, ¤±

�(b)|��πh−1
11/2 ⊗νi−2

13/2h
−1
9/2 �oOâf-u(�

(éAeFBC(�). duêâ�"y, ØU�½20+ ´

Ä��Ó�ÉU�. c¡J�h11/2 �f�ÇÚh9/2

¥f�ÇÑU°¦Ø�)��γ/C, ¤±knd

@�Ø320+ �?u)
�~��n¶/C, 
�ë

�20+ �Úπh−1
11/2 ⊗νi−1

13/2 �´��K B+�γ�[

(∆K ≈ 16), ùü�¡��Ïk�U¦20+ �/¤Ó

�ÉU�.

ã1��(c)´·�#uy�ïá315+ �þ��

òÍ�, ©z[10]�êâØUr§Úïá320+ �þ

�=Ä�©m, �ó�¥ü^$U�?é (stretched)

�[γ���(@¦·�U
«©ùü^�. �(c)Ú

©z[12]¥ 190Au��h�q, ¦�ÏLXÚ5'�

�½Ù�πh−1
11/2 ⊗ νi−2

13/2j(j = (p3/2,f5/2))�oOâ

f(�. ©z[17]��öéVÛØ 190—194Au�ïÄ

@�15+ �Ú17+ �´dπh−1
11/2 ⊗νi−1

13/2 ÚäkAý

(��Hg��5− �Ú7− �ÍÜ
/¤�, ¿��

½Ù(��πh−1
11/2 ⊗νi−2

13/2j(j = (p3/2,f5/2)). ¤±3

188Au¥·�@�§äkÚ 190,192,194Au�Ó�(�.

lã1¥��²w/wÑ�(c)'�(b)ÙØ�f, Ù

�Ï�U´duh11/2 �f�Ç°¦Ø�)n¶/

C, ¦�h9/2 ;�é¯/�C¤�¡�ªÙÙØ'�
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(b)(πh−1
11/2⊗νi−2

13/2h
−1
9/2)�f.

4 (Ø

�ó�|^­lfLÜ�u�A 173Yb(19F, 4nγ)

ÙØ
 188Aupg^�, éc<�ó�­#?1
@

y, uy
õ^#�γ��, ¢�¥*	�
ÎÜù�

Ø«XÚ5�20+ ���3. �âTØ«�h11/2 �f

�ÇÚh9/2 ¥f�Ç�5�, ïÆ
 188AuØ¥=Ä

��Oâf|�. |^XÚ5é 188Au�15+ �±þ

�U??1
?Ø.
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23 Kölschbach V, Schjler P, Hardt K et al. Nucl. Phys., 1985,

A439: 189

24 Perrin N, Bourgeois C, Korichi A et al. Z. Phys., 1997,

A359: 373

Study of Quasiparticles Bands in Odd-Odd 188Au *
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Abstract High-spin level structure of 188Au has been studied via the 173Yb(19F, 4nγ) reaction using techniques of

in-beam γ-ray spectroscopy. Based on the experimental results, the level scheme of 188Au has been revised significantly.

The previously reported positive parity levels have been modified and a new 20+ level was proposed to feed the 18+

states via two low-energy transitions. The existence of the 20+ and the level structures above it are similar to those in

the neighboring odd-odd 190,192Au, therefore, the πh
−1
11/2⊗νi

−2
13/2h

−1
9/2 configuration was assigned to the 20+ state.
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