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A M t - ct ö ,e a eited uaü , d l" Yb have beea sMEHed m the " ¢ m ( " 0 , 3n ) mu ² £a at " O energy d

90 MeV ua zzg techni que- d in- beam Ã-ray specm -copy . ÓEe level M beme foz my b wÃ ea abti-bed b¤¤ed

on tbe me- -ured re- UIt- d Ã. Ã e£tacidence- -Ã-my antsouopm. and DCO ra60¤ . The le, d -ebemze m dom-

mated by two pamHel de-a ei UÖ ,eo hence- wiEh ­ EemØ eharacted - 6ü , ,í ich eoem-pond Ø eoHecUve

rotation and Sinai e pÄ iele ezeitaZion- , respectively . × × -hape eEFe3Eistench as wd u the s» uetuzai evo¤

luUon of the p as4 Í i m h nd ì ú mereadzª ¤û Ralar meme- ô m , have be¹ ² × " -ed bm a y .

Ã- ray speeã £. e£py , level -ebeme , -hape etp a isa- neeKey wozÀs

In the ra± eart h mg on , the N = 87 nuclei m located in the um sit iOZEal mgi on . For the nuclei

÷ × N ´ 87 . the excited states appe® to consist mai nly d pM on and neutmn quasipan i cle- coupled
to large angul ar momenta[E» Ì , ë i le the nuc lei ÷ × N µ 87 di splay a eOIl ed ve rotati onal decay pa -

tem at low and moderately hid 1 spins whi ch seems to tem i nate whi le the nucleus develops m oblate
shape at hi d Eer spins[H ] . Ò 2us , the ram eazt h m el d ÷ × 87 neuuuas shoul d m nHest the pm-

nounced transiHoad behavior i n tlm reg on - and both rotati onal and singÔe- pan icle dee " ' of fE÷ -
dom cm coexi st and generate angular momentum in the same nucleusl7ú j . Momover , the theomti cal

calcul ati ons indi cate that the nuclei ÷ × N = 87 ¤houl d experience a speci al shape tmEmiti on d ong
the p ast l i ne from prolate thmud z triaxial Ø oblate - dze so cal led band temzi nat ionMç . In such a

caÊ a nucleus undeE¬£es a g aduall y ioes of col lectivi ty whi le the nuclear shape acqu im m × ial

symmetÇ ¨ ö m pect to ô di recti on d spm duo to the al ig zment d high-j qua- ipan icle- - u ere-

foEü , the nuclei wi th N = 87 ¤bd d pm tde a bea eavtEm ment ­ ± udy the shape eoexi stenee and

shape tmEMit ion eRect¤ thmud I the interp lay d i ndividual and colIm tive deg - e d heedom . Before
the pÓsent study , tlze 13/ 2 Õ " £mer ì ú a qui te pum Í i zyz cons gu ration m d eevera» low- lyi ng levels

wem rep£" " for m y b[tû ç , but a hid z spm level , cbeme has not been publ ished fom al ly .

'ITm exci ted stMÊ in m y b wem popul ated via the t44Sm( 160 , 3n ) 157y b maction . Ò1e 160 beam

wØ pmvided by the tandem accelerator at the Chi na IBSuttate d A tomic Energ ( CIAE ) . The taEÅet
is m isotopically enEt ched t" Sm metal l ic foi l d 1 . 3Emd enf thi cknese ÷ × a h v em2 pb bacU na -

111is combination d pmj ed il e and tazw was used pmviotasl y , and the beam energ of 88Mev
was dd enym ed to be sui table for poPula iù the high m n a a es i n m y bM - h the pm eat woº ,
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Ã¤Ã- t coi nc i dence measu remen ts wem caETi ed Ø t at beam energ y of 9OM eV M t11 11 BGO ( A C )

H p Ge detectom , h av i ng energ y m sol u t i ons of 1 . 9 - 2 . 3 k ev a 1 . 3 3 M eV . H em , t d em to the m l a-

t i ve t i me d ib m ce between m y two coi nc i dent Ã m é detected wi th i n Á 1Þ ns . U ese d et ectom
wem di v i d ed i n to 3 Á É pe poei Honed ó 35 0 ( ¿ 14 50) , 5 5 0 ( Á 125 0) , an d 90 0 m th m spect t o t he

beam di rec ti on m th at th e y - m y m i m u o p i m an d D CO m ti os ( D i m et ionai Corm l aHon s of y m y s de-

exc iUng dEe OEt ented states ) cou l d k d educed . A H the d etectom wem Cal i bm ted u si ng t he standad
152E u an d 133Ba sou m es . A t otal of 130 x 106 coi n c iden ce even t s wem ac cu mu l ated . A f t er ac cu rate

gai n match i ng , these eoi n cid ence even ts were son ed i nto a sp n meM c ma rt x an d m asymm et r i c D CO

matr ix f or OE - l i ne anal ysi s .
A ssi g Em ents of th e ob ser ved Ã m y s ­ 157y b were based on th e coi nc i d ences wi th th e k nown y -

m ys[ 11¤12J . Gated spec t m m wØ pm du ced f or each d the Ã m ys assi Á ed t o m y b . Selected spec tm

am shown i n F ig . 1 . Based on th e an al ysis of th e y - y coi nc i dence IªElat i on sh i ps , a l eve l sc heme
for 157y b i s p m poeed Ø shm m i n Fi g . 2 . Ò 1e ord eEi ngs d the tm n si t ions i n th e l ev el sc hem e am

fl xed ei t her ÷ × the hel p of some c EWes- over t ransiH0238 0r fm m th e con sid em u on of in tensi t y bal an ce

i n th e gat ed spect m . u e sp i n s for the l evel s have been pm posed accord ing t o th e anal ysi s of D CO

m ti os and Y- m y an i sotm p ies . Th e weak casc ad e d 20 6 an d 324 k eV tm zsi t ions i s in coi nc i dence

m th al l st ro n g l i nes , excep t in g th e 494 k eV one . A l th oug h th e 20 6 an d 324 14eV tm n si t ions have t oo

weak i ntensi t i es t o det ermi ne th ei r t ran si t ion OM ers , wi É th e add i Hon of th ese two tEÄ 18i t ions i n th e

l evel sc hem e th e energy of al l ot h er level s m establ i sh ed f l m l y . Pad i eu l azä , t he exc i tat i on eneE¬ y of
th e 13 / 2 + i somer i s a xed a 5 30 lm V . h th e p revi ou s work [ 12] , th e 13 / 2 + i8om er was m POEt ed

for 157y b , bu t i ts exc i t au on eneE¬ y m mai ns u n k nown . Ò 1e l ow- l y in g l evel stm ct um of 1" Y b f ol l ow 8

th e sy stem t i es d t he l ie uer N = 87 i sot on e veÇ wel l [7ú l . h al l of th ese i sot ones th e 13/ 2 + i so -

m ers wem ob ser ved , an d these i som em m d epopu lated by a l ow enmw tran si t ion t o a 11/ 2 . stat e

dec ay in g to th e Í j 17f2 p ou nd state .

Fig. 1. Spee» a d Ã mé Á ted m the 430 and 49l iteV M nsim as, " ' peetively .
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A bove the 13 / 2 + i somer , the l evel
6989sc heme of 157y b i s dom i nated b y two ch ar ac - I

tert et i c seqEBeneÅ d tm n si ti on s . One of 4 733 6 2s £ - T ¿ ¿ 6363

, 318 60 46th em ¤ ws a m gu lar rota t i on - l i k e cam d e of l ¸ þ

® ' 76 2 IE 2 t r a n s i t i o n s st a n k 18 f ro m t h e 1 3 / 2 + i s o - 4 ´ 2 . " " i 6 9 6

. , - ¹ - - 5 3 4 9më nd then its stRECtumchanges into aÐ¤ Õ ||624 ÷ n 4373 5121º ¸ -

bmHÐ ke excitation mode ÷× Bve sue- m i d j 70 441: " 06 757 4m
cessm t ran sEt ions m th al moet m stm t m er - + ll685 ;ª 2 1 1A" ç ?
ges Based on the mteM ics d the level m t É185 2essam Ø 03992
8 t r u e t u m i n t h e N = 8 7 i s o t o n e s i 7 ú l . t h i s Õ . Ø 1 É ~ / . l

Ü 3 3 n v S W M ½ l 6 9 8 1 6 1 7

se× Ben ee of t ran si t ions shou l d k th e ¨ 13f2 . 3604 3 HZ I . É - - 33 76

band,± it terminatesa sute÷× spin mõ r n 8 25 |793
v a l u e o f 4 5 / 2 . T h e o t h e r o n e c o n s i s t s o r i E¤. - h a2 7 n , 2 5 8 2

Õ ¤ 6 7 3 ~² / lë í EÊ2tôrmmmaïmEnmmE×msÉiÃôt
el . 111ese two sequen cÊ m i ntem onm eted î ' E 58 7 ü Í

2 1/ 2 ¤ ' R TUby Eve t ran si t i ons . TE e i m Á l ar seq u ence i s - ' 1565

¤¤ 644
veÇ si mi l ar to that i n th e nei d 1b ori ng i so ¤ 17n © ? 102 1
tone d lÖ § J , wt1¤ h has m t HK l É + Ë 4 9 1

EC oe e y e 13f2 . , 530
sliduly oblate consgumuon of Í [ ù hw2 11ff E 494 ¢ i m ?24

7 / 2 - 4 ' Ù v - A 3 2 4 U
i I Zn ] s u g g e s t f d b y t h e t i l t e d F e r m i s U Ef a c e Ê ,

cal cul at ion . Th e l ow - ly i ng pañ of th e Í i un Fig .2 . Idevel sebeme d 157 Yb

ban d ed ib i ts con eeti v i ty i n smooth l y i n ¤ pm po§ 44 in the pmeeht WOE-t .

cm asi ng tm Emi t i on ener g es . W i th i ncm agi ng exc i tat i on eneEg es t he c ol lect i ve m d singl e par t i c l e

m od es d generat i ng an gu l ar mom entum Ø rap ete Ø d emonst rated by th e two pam l l el de- exc i t i ng se -

qu em es w i th d iEeEYBEEt c ham c ter i st i cs . × Ee Í i 12f2 band loees i t s col l ec t i vi t y as man i fested by th e ap -

pearan ce of equ i d i stan t spaced l evel s . I n the m gi on aE1Bu nd exc i ta t i on energy d 5 M eV , the level

scheme shows severEd com pet i ng d e- exc i tat ion p ath way s consi st i ng of c ascad e d d i po l e and qu ad m -
p ol e t ran si t i ons w i t h i r m $121ar eneEg es . Fn m se obeew at ion s ind i cate É ó th e l ow - sp i n coll ec t i ve ch ar -

ac ter of lmy b gi ves a way to si ngle pazt i ck COM Egm Ø i ons at hi gh er sp i ns . Ç m stn ACtu rd ph enomen a

i s si m i l ar Ø thoee i n t he l i d 1ter N = 87 i sotones[7- 9] , i n wh ich the col lect i ve Í i m ban ds ter mi n ate a

f sz 4 1/ 2 Õ at th e ob l ate sh ape cmd l gu m u on an d pan i c l e- hol e exc i ta t ion s d omi nate th e h i d 1e I¤¤l y i ng

l evel stm ctu re . Ò Ee shape evol u t ion of th e Í i tm bands m th e N = 87 i sotones h as b een i n terp m ted

qu i t e we l l by t he t otal en erg y SEnf ace c al cu l at i on M] . For th ese i sotones , th e Fen É l evel i s poeit i m ed

near the bottom of th e i m shel l . Ò 1eEü foÓ , th e i 13n qu asiparHc l eg exen a st m ng po lar i zi ng foÓ e that

d ri ves con ti n uou sl y th e nuc l eu s tow ard i nc m si ng poei Uve td ax i al - y defom at i on wh i l e inc re asi ng m -

gu l ar mom entum , and f l n al l y I¬ ach es a y = 60 0 nonc ol l ect i ve ob late shape , th us m SUIti ng i n ban d te -

nn i nat ion M] . I t shou l d be poi n ted ou t É a the stm c tu rd evol u ti on of th e Í i 13n band i n m y b f ol lows

general l y th e system at i c of th e l i d 1ter i 80tonè , bu t th e d etai l ed stm c tum of th ese Í i 13rz ban ds i s di f -

f em nt . u e Í i 1312 bm d s i n m D y and 155E r d isp l ay col l ec t i ve m tat i onal behavi or up to th e termi nat i ng

st± × , wh i le t he h i 6 1¤l y i ng pan of t he Í i 13n band in m y b sh ows a vi b rat i on - l i k e st m ctuÓ pat tem .

I n su mma17 , th e low - l yi ng l evel sc heme of m y b Show a coen Stence of sl i d u l y ob l ate an d wealt

pm l ate defom Eat i on s . W i th i ncm agi ng an gu lar m omentu m , th e Í i 13fz bó Id i n m y b l oees F ad ual l y i t s

col l ec t i v i ty wi th i ts stm ctum evol v i ng i nto a vi b rat i on - l i k e pattem , an d B EMAl y th i s ban d gi ves a w ay

to singl e p an i c le exc i tat ions . Ò 1e p Ó sen t work shows the N = 87 nuc l eus 157 Y b to be t ran si t i onal in
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two mspecu . Not onl y it connects the isotopes ( N ´ 87 ) that have sphed eal or oblate shapes to

thoee( N µ 87 ) ¶ th pronounced pml ate shapes , i t d so eÇ ibi t featums of boú , w ps .
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