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A beÜ act Hi d zµ izz sUô m m k have been invesugated vi a the û Sm( 31p , " Ã ) ETSI r reaction th ough

excitation funcm m , x . Ã and Ã. Ã coincidence measuremenu . Four rotauonal bm ds have been identiSed

10r ttEe × , t time and ² eir £onflgtars60ns am stasse-ted on the basis of the a isu na knowledge of band

BUZZCUam M odd-odd nuclei Ä weH ú the measured in-h ad B ( M1 ) / B ( Ä ) ratio- - Among tlze four

bands ob§ IVed , the Ðhm @ Í i mrz and Ði t312 @ Í i m bm ds ed Eib it m anomalous sig Eatuzá spl itUù . Ä e

sF Eatm¬ inveE1Sion point Ê obeerved h the fom er at L = 18 ª which is com i--ent wiÉ expeetations; É is

siÁ atuz¬ inversion µ in h the M 13r2@ Í i tsn band m y h laî ± than n h .

K ey wor ds in-h m Ã- spec² , copy , rotauonal bands in m b , siÁ aMm invem on

I a w - s p i n s i g z a t u m i n v e m i o n [ l ] h m b e e n s y s t e m a t i c a l l y o b Ø r v e d t h m u s h o u t t h e c h a d o f n u c l i d -

Ê i n t h e 7r g m à Í g " ' Tr h 11f 2 Û Í h 11rz , Ð h u rz @ Í i 13n a n d 7r h m Û Í i m c o n s g u r a t i o n s . S y s t e m a t i c

a n a l y s i s f o r t h e × , t t i m e c o n n g u m t i o n s h a s b e e n d o n e b y B e m M e z a n d C a z d o n a [ 2 ] . A n a l y 8 i s f o r

t h e 7E l a m à Í i l m s t r u e t u m s h o w s É ± t h e c Et t i c a l s p i n Ë , a w h i c h t h e t w o A I = 2 8 i g u t u m b r a n c h e s

c m s s w i t h e a c h o t h e r , s e e m s t o d e e m a s e ( i n c m a s e ) 2 - 3 & w h i l e d e e m a s i n g w o n e u t EW n s ( p m t o n s ) f o r

a c h a i n d i s o t o p e s ( i s o t o n e s ) [ 3 ] - H t h i s Ó g u l a d t y c o u l d k e x t e n d e d t o a ÷ × r a n g e d n u c l e i , o n e

m y e x p e c t t o o b e e m s u c h m i n v e E3 i o n s p i n a EÉBu n d I e Ê 1 8 Ú i n I ? 6 b . O n t h e o t h e r h a n d , t h e s i Á -

a t U EF i n v e r s i o n b a n d s s y s t e m a t i c a l l y i n v e s t i Á t e d c o m s p o n d t o t h e h i d 1 ¤ j s p h e Et e a l p a r e n t a g e , i t i s

t h u s a n a t u r a l a s s u m p U o n t h a t t h e Ð i u J2 Û Í i u Jz b a n d s d h i g h - j p a m n t a g e m y h a v e s i m i l a r i EEv e n i o n

p h e n o n îômm Enmô̈1mmó T

Í̈ i 13¾In 2 sÙ t Emu cd t u EõÉüÊEt [Ḧ4È ]Ü . W i t h t h e m p o i n t s i n mm i En1 d , p ØÊ a± t d o n s h a v e bî e em En 3 d e v o t e d Em'ñ e e En2 td l y t­ o t h e s t u d i e s

o f i n - b e a m Y¦ . m y 8µ p e cd t EmØ @cØ o pW y iô En E o d d - o d d 1ç?¼ü̈6Ó́ .J1m 7Ðz I r a n d 182 A 1u» - W e c o n c e n t m t e d o n t h e o b s e w a t i o n o f

c r i t i c a l s p i n L i n t h e Ð h w 2 Û ¨ 1312 b a n d ; t h i s c o u l d k m Á Ed e d m m i n d i r e c t e v i d e n c e o f s i g n a t u m

i n v e m i o n m s p i t e o f t h e u n c e d a i n t i e s i n s p i n a s s i g n m e n t . M e a n w h i l e m u c h a t t e n t i o n h a s b e e n p a i d

t o e s t a b l i s h t h e i n t e Et Ba n d t r a n s i t i o n s f m m t h e e x p e c t e d Ð i I ZI 2 8 Í i 13r z s t m c M I TE t o a

R e c e i v e d 1 2 D e e - m b , é MB 1

¯ s× tu sPw p 0m2" Û ed d bÅ y Nh aa± tÎÉô i®ô 0ß -"Ð1ØÐ'd 1 F½4¾.æ ×ô Òm ®® l sº e ï e nm £ e F 1umE"m'n°Édí · f¤0Ü T Dm iM-þ± 6̈ i Ö u× i -ú h ed d Y 0ç çuÒmaù g s& c hh 0 1kE ( 1Mf Î 5 5¹ 2 5ý ) , Mh Ò jé 0 r sh tuÒ t¥- h i c Rb e ôm - E
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5 - 1 -
l o w - l y i n g 2 ¤q u asi p a n i c l e b a n d . W e h a v e n o t i c e d th e f ac t t h a t th e » » [ 5 4 1 ] l e v e l s m c o n si d -

2 2eMtok ÉeFmdam in­ b,M h emiutimeÐ " e~ bmdmmb4 +É
c EÓü aæs eÅ s h m 0 . 8 0¶ 7 M ed V i n 1mTÂ7 Ibr Ø 0 . 6" 6 M ed V é 1m7Î 5 bÍ [ 5 ] m a k i n g iÃt e¶ aæm8» i eÜ r tØo o± b @¶ e E¼v e tÉ}h1e 7Ðr i 1m3Íéfá2 @ Í ï 1ÊÄ3Í ,2

b a n d i n 1½7Ì ÙIbr . P Et o r t o t h i s W O E-k , m h i g h - s p i n d a t a o n m b h a v e b e e n a v a i l a b l e i n t h e l i t e r a t u õ 6 ] -

B o e c h d d . p m p o s e d l 7 j t h e s p i n a n d p a d t y o f 5 + f o r t h e p m m d s t a t e o f l 76 I r a c c o d i n g t o t h e i n -

t e n s e R + / E C f e e d n g t o t h e 6 + m t a t i o n a l s t a t e i n 174 0 8 . p m l i EÉ n a E7 Ó SU I t s o f t h i 8 m s e a m lz s u b j e c t

h a v e b e e n m P OEt e d i n R d s . [ 3 , 8 , 9 ] . D u d n g t h e c o u m e d t h m i n v e s t i Á t i o n , H o j m a n d d . r e p o n -

d t h e o b s e w a t i o n o f s i Á a t u m i n v e m o n i n t h e Tr i m @ Í i 1312 b a n d i n m I r [ 10] .

Ò 1e e x p e d m e n t w a s p e r f o r m e d a t t h e J a p a n A t o m i e E n e r w R e s e a m h I n s t i t u t e ( J A E R I ) .

Ò Ä 149S m ( 31 p , 4 n y ) 176 b m a CH o n w a s i n d u c e d b y a 31p b e a m p m v t d e d b y t h e J A E R I t a n d e m a c c e l e r -

± o r . Ò 1e t a r g e t w a s m e n r i c h e d 149 S m m e t a l l i c p o w d e r o f 2 . l m d c m 2 t h i c k n e s s e v a p o m t e d o n t o a

5 . 5 m g / C Id P b b a c k i n g l a y e r . A F m y d e t e c t o r a r r a y [ 11] c o m p d s i n g 1 1 H P G e ' s a n d o n e L O A x m É

B G O a n t i - C O In p t o n s h i e l d s w a s u s e d ; t h e d e t e c t o m w e Ó c a l i b r a t e d w i t h 60 C o , m B a , a n d 152 E u s t a n -

d a r d m u m × : t y p i c a l e n e Eü y m s o l u t i o n w a s a b o u t 2 . 0 - 2 . 5 k e V a t F W H M f o r t h e 1 3 3 2 . 5 k e V l i n e -

h OM e r t o i d e n t i f y t h e i n - b e a m y m y s b e l o n g i n g t 0 176 I r , w e m e a SEEm d m e x CH a m n h n CH o n b y v a z7 ¤

i n g t h e 31p b e a m f m m 1 4 5 M e V t o 1 6 0 M e V w i t h 5 M e V e n e ç y s t e p s . A t e a c h b e a m e n e Eª y , a b o u t 5 Á

1 0 6 - 1 O x 1 0 6 Ã - Y c o i n c i d e n c e e v e n t s w e Ó a c c u m u l a t e d a n d s O Et e d o n - l i n e i n t o a 4 l z x 4 k m a t d x .

B y s e t t i n g g a t e s o n t h e b K X - r a y s , w e c o m p a m d t h e r e l a t i v e i n t e EESi H e s d Y r a y s e m a n a t i n g h m

77 I r a n d 175 I r ± v a r i o u s b e a m e n e r g e s ; n t BEn e m u s u n k n m m y m y s w e r e f o u n d t o h a v e c o m p a m b l e i n -

t e m i t i e s m t h o s e o f l 77 I r a zzd l 75 I r A n d t h e r e f o r e h a v e b e e n a s s i g m d t 0 176 I r . F i n a l l y a b e a m e n e EÃ y o f

1 5 5 M e V w a s u s e d f o r y . Ã c o i n c i d e n c e m e a s u m BEe n t . A b o u t 3 5 0 m i l l i o n c o i n c i d e n c e e v e n t 8 w e re a c -

c u m u l a t e d a n d s o r t e d i n t o a 4 k Á 4 ls m a t r i x f o r OE - l i n e a n a l y s i s . 1 11e Eª El a t i v e l y i n t e n s e y m y s w e r e

f m m d 1e f u s i o n - e v a p o r a t i o n Eü Si d u e s o f 175¤17À ¤177 I r , ' 75 ¤t76 0 8 , a n d 173 R e c o n y- s p o n d i n g t o 5 n , 4 n , 3 n ,

4 n p , 3 n p a n d Á 3 n e v a p o r a t i o n c h a n n e l s , m s p e d i v e l y . F OEt u n a t e l y , t h e d e t a i l e d h i d 1¤ s p i n l e v e l

sc h e m e s f o r 171 1" I r , 175 . 176 O s a n d 173 R e a m a v a i l a b l e . Ê 1i s i n f o r m s H o n a n d t h e c o i n c i d e n c e s w e

m e a s u m d w i É b K X - m y s h e l p e d u s a s s i g n n e w r o t a t i o n a l b a n d s i n 176 I r .

u e p a m a l l e v e l sc h e m e o f 176 I r d e d u c e d h m t h e p m m n t W OE-k i s s h o m z i n F i g . 1 . ' I Tm Y - t r a n -

s i t i o n e n e Eg e s i n t h e l e v e l sc h e m e a m w t t h i n m m e e zt a i n t y o f 0
. 5 k e V . 'I E e o r d e r i n g o f t h e t r a n s i -

t i o n s w i t h i n t h e b a n d s i s e s t a b l i s h e d o n t h e b a s i s o f y . Ã Ø i n c i d e n c e Eª El a t i o n s h i p e , Y - m y e n e r g y su m s

a n d y - m y m l a t i v e i n t e n s i t i e s . N o l i n k i n g t r a n s i t i o n s h a v e b e e n o b s e rv e d h o m b m d l t o b a n d s 2 , 3 ,

a n d 4 . 1 1 Àe 9 7 . 8 lt e V l i n e , d e - e x c i t i n g t h e b a n d h e a d d b a n d 2 , e x h i b i t s t h e d i p o l e c h a r a c t e r a n d i s

a s s i Á e d t o b e m E 1 t r a n s i t i o n b a s e d o n t h e a r g u m e n t o f i n t e m i t y b a l a n c e a n d m e a S EEm d D C O r a t i o -

W e t e n t a t i v e l y p l a c e d t h e 9 7 . 8 k e V Y - m y t o f e e d Ø t h e ( Ã ) l e v e l d b a n d 3 ; n o o t h e r i n t e Eh n d

t m EM i t i o n b e t w e e n b a n d 2 a n d b a n d 3 c o u l d b e i d e n t i E e d . 1 1 1e c o m e c u m b e t w e e n b a n d 3 a n d b a n d

4 11a s b e e n e s t a b l i s h e d ± s h o w n i n F i g . 1 w h i c h a x u n a m b i g u o u s i y t h e s p i n a n d p a t t y o f o n e b a n d

Eª El a t i v e t o t h e o t h e r a n d t h u s f a c i l i t a t e s t h e i r e o d g u r a t i o n a s s i F m e n u .

A c c o zd i n g t o t h e c l a s s i f l c a t i o n o f c o u p l i n g sc h e m e f o r o d d - o d d n u c l e i p m p o se d b y K I ü i n e r e t

d . l 12J , a n d c o n s i d e d n g t h e f a c t t h a t t h e Ð 1 / 2 ' [ 5 4 1 ] , Ð9 / 2 ¤ [ 5 1 4 ] a n d Ð 1 / 2 + [ 6 6 0 ] b a n d s i n

m H S] a n d t h e d / 2 ¤ [ 5 2 1 ] , d n - [ 5 1 2 ] a n d d / 2 + [ 6 3 3 ] b a n d s m m o t u ] m s t EW Eed y p o p u l a t e d

i n d m h e a v y - i o n i n d u c e d a zSi o n - e v a p o r Ä o n m c H o m , w e p m p o s e t h e c o d su r a t i o n s o f 7r h m ( 1 / 2 -

[ 5 4 1 ] ) Û Í i m ( 7 / 2 î [ 6 3 3 ] ) , Ð h m ( 9 / 2 - [ 5 1 4 ] ) @ Í i m ( 7 / 2 + [ 6 3 3 ] ) , Ð h 1¨ ( 9 / 2 ¤ [ 5 1 4 ] ) Û

Í 5 / 2 ¤ [ 5 1 2 ] , a n d M m u n Õ [ 6 6 0 ] ) @ Í i m ( 7 / 2 + [ 6 3 3 ] ) f o r b a n d s L L L a n d 4 , r e s p e c t i v e l y .

I n d e e d , t h e 7r h w2 Û Í i I Sn a n d Tr h u rz @ Í i IZIz b m d s h a v e b e e n M e n t i s e d i n n m y o d d - o d d n u c l e i m

ß Ü ï í ë Ë ï í (EEP& NP) Ú 26í
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Fig . 1 . paz6al level scheme of m Ir deduced æ£m the present wortE¤

th i s mg on , m d É ey exh ib i t veÉ 8M d l ar lev el sp aei np an d decay p a¢ em s ( e . g . i n m R e[14]

an d lmI r [ 13] ) . Th eEd om the ban dh ead sp in s m d pm t i es m p m p oeed to be Z = ( 8 - ) for band 1

an d Z = O p + O n = ( 8 ¤ ) for ban d 2 wh ic h m con si stent m th level spac i ng systemati cs . Ban d 3

h ave m eth c t i ve K -e = ( 2 - X ) / ( X - 1 ) = 7 . 2 ( X i s th e en mw m i o d g mt two i n - ban d A I = l

t ran si t ions ) c loee t o t he p mj eCHon qu m tu m num ber k = O p + £ " = 9 / 2 + 5 / 2 = 7 . Ä i s hi d 1 v al ue

cor m spon ds to a cam i n wh i c h both p m ton m d neu tm n OEt Ei td s m¢e weak l y ag eeted by th e Cod ol i s
i nteract i on , Ó SUI t ing i n K a - K = Ï p + Â a = 7 [ 15] . Coaseq uen t l y , th e spi n md p ad ty f or th e l owest

l evel of ban d 3 have been assi Á ed t o b e Z = K = Ã . Based on th e sp in and p ar i t y assi Á EBen ts for

ban d 3 an d the obsew ed li n k i ng k an si ti on s between band 3 and band 4 , th e sp i n and p ar i ty f or ban d

4 cm be a xed Ø sh own i n F i g . 1 . Fi g . 2 pÓ m nts the ex peri men tal B ( M 1 ) / B ( E2 ) r at i os f or b ands
1- 4 together w iÉ th e geom etzt eal model cal cu lat ion s[14] . h i s c l ear fm m th i s Egu m t h± th e ex ped -

m ental B ( M 1 ) / B ( E 2 ) rat io- cm h wel l m pm d u ced u nd er the asm mpHon of th e pm poeed eod gu -
rat ion s . I t shou ld h noted that the Tr h lEn à d n - [ 5 12 ] and M m Û Í i m band s i n lm It s-10] an d

thei r con nect i ons have been obeew ed sh owi ng si m i l ar level stm ctu res an d d ec ay pan em s Ô th e cases
of b an d s 3 an d 4 i n lmI r .

Based on th e eonf l gu rat ion and sp i n - pad ty a88i P EEn en¥ , i t i s now i nteÓ st i ng t o poi nt ou t É a

the si Á atu re sp l i tt i ng i n th e Tr h m Û Í i m an d Ð i ut2à Í i l3fz b and s of odd - ´ d 176b i s i nven d at low

an d medi um 8p ins . To i l l ust r ate f ur th er the featu m @ d si Á atu m i n vers i on , we compare th e ty p i c al

MW 4EW rves S ( h E ( I ) - E ( I - 1) - Â [ E ( I + 1) ¤¤ E ( I ) + E ( I - 1) - E ( I J ) ] vs

I i n Fig . 3 for the ,rh m @ Í i m and ,Eh srz Û Í i 13rz bm ds m 176Ir . 113e si mi lar staggeri ng pattem i s

» - - a 1 1
i m p m ss i ve , i . e . , th e É = Á ? + Á f = Ô + Ô = 1 f a vo m d si Á at u m b m n c h ( od d µ i n se q u e n c e ) l i e s
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Fie -2 . Ezper imea d B ( M I ) I B ( Ä ) mEioe m d the
geomeù ie model eaICUI- 6£" ' IZj under the ¢ umpuom

d peopo-ed cod s® æ £m indieated m the pannel .

1 1hid Ber than th d ¤ = Á? + a L = Ô - Ó = o unfavored si Á ature branch ( even- spin sequence h this

is the so- call ed low-spin ¤i g zature invemioEt t] . o n the other hand , the sip mtum spl i tt i ng ÓveEU to

the normal od eri ng a L = ( 18 - ) for the gTh m @ Í i m band in 'T- Ir . Ò 1is czt t ical spin is 3 h lower

than ú " in IT-I r whi ch is £onsistent m th systematic expectati ons[31 . For the Tr i m à ¨ 13Jz bm d , the

cd ti cal i nvem on spi n has not been mached in É Ô w£Ë , i ndi cati ng É a the cEt tied spin I e shoul d be

laaF r thm n h . u e m chamsm d such inversion phenomena in both the d m @ Í i tm and the

M 13rz Û ¨ 13rz stRECtum m y be aseod ated ÷ × , ® , m idual p n interacti £" , poeiHve y , and quadm -

pole pad Ö , etc . . thi s is however beyond the mope of thi s paper - We would l ike to emphasi m that
É e obeew ation of such invemion phenomena i n both m b and m Ir pmvi des m inteEesting test

e ound for dig erent theomtical inteEp m m ons -

7?se authors m h Ø shank she aqgs m she Ja m sa,d em aced emaor j br prodding 31p beam and

their hMpisal isy during ¹ periment .
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ª ª û Ã ÖSm(31p ,4nÃ) ´ ¦ , ¨ ý Ã ä ß Ä Ì ¢ ¯ ý â ¿ ¢Xf Í Ã.Ã û Ï â ¿ Ð ¿ Ë
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