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Aba - et Ê 1e e3ECiM ¢ Ã d " ¢ e have been inveð , ô d by mem d in-bem Ã-m m eÝ£-copy
techniê õ ô ² th E" Sm(ZS× , 1paw ) «¢ e mu tAOn . X¤Ã aad Ã¤Ã- s comeidem- - DCO mm . . M
in² band B( MW B ( Ê ) mtioe wem mea-med . A m fÆy mupld bm d b¤¤ed m ¡ , n - [ 514 ]

Nii --m state m d ¤ deeoupted band buil t m the h,a tm d er pæ £" £É i td ( mminally l I2¤ ²541] ) have

been eeu blished . 1Eeir eonEgurations am propo-ed ¶ tbe bam d B ( MI )/ B ( È ) rð £. . nd by
eompa tne h M d m ped ¹ ÷ × h ¢ m bmd- M m¡ ba iª odd-proMm m eld . 'IBe neuum AB
cro--mez m Ob-en d a haJ = 0 . n and 0 . 27 MeV ¤ Ä ² Ò . [ 514 ] M M /2 ¤ [ 541] bazds,

resped vely. B-ad F OP-ø es d th neut OEZ AB ero-- iEç h ÷ eod e- - d e ment p ins md de zª m

splitUnp am diseu--ed , md e£mpm d ì ú ú,£" in th beavia odd-A Re mo,ope- -

Ã- my speeÛ£. e£py , mtm oaal b- nd , e£EZSgurÄ OTEK ey wo,²

111e veÉ neutmn dead ent Re isot opes am expected to be rather soh ÷ × respect to p and Ã

deformations, and the p£lad a ng eEects d indivi dual nucleons make the nuclear shapes stmnd y
conn guration-dependent [14 . For l i ght odd- A Re isotopes , the pmton Fem i m d ace i s ± the top d

the h Im and d srz shel l s and j ust below the stm d y dom -slop ing 1/ 2 - [ 54 1 ] and l / 2 Õ [ 660 ]

Ni lsson oÉ i ts fmm the hm and i m spheri cal states d the next shel l . When the 9/2 ¤ [ 5 14 ] m d

5/2 ¤ [ 4« ] orbi tal s , À 1:ietz have a m eHive slope d ene½ " a h d on d dd onnauoa , m

occupied . a smd I er dd mm ation m favomd . These a zo-W y coupled bands have been ob-erved

systematical ly in the odd- A Re isotopes , and thei r electm mae Ieti c propen i ee have been deterÔÉ zed
thmush measurements d the B ( M 1) / B ( Ä ) bmaching muoeII· ] . 1E m bands show m al l but

disti nct sig mtuÓ spl i tt i ng a low spin before the A B neutron al iÁ ment[14 , Ý ich Eni d It suggest

Ø m Ã defom ation . On tbe other hand , the hm and i wz OEÂ ² ÷ × 0 2 1/ 2 are stzwad y dom -

slopi ng Ø a function of dd onnation and when occupied by the unpah- d pM on , m l l dd ve the
nucleus towad s l aç er dd ommuon . 'ITmEd om - the A B neutron cro- - ing shoul d be delayed to hi d Eer

h quem iü , and lower al ip ment is associated ÷ × the-e iow o bands . By incm sing defom ation ,

the Fen31i sEnf ace is moved fan her to low- O componenu d the Í i 13rz ozbital , themby reduci ng the

c ormi l i s mim e - Ò 2is resul ts in m decreased d ie m ent Á in and hid zer cro- - ing f rem end es
associ ated wiÉ the d ie m ent of i m neutmns[4] .
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h dzi s azt i ck , we mport eµ ezt mental zeSUIts ¶ high-spin band stmet un s in tØRe . Betbre the

pm@ent study , the mtati onai band8 in m Re wem mPOEted in a sympoeiumMU but a hi # spin level

scheme has not yet been publi shed m the l i teratum . 1TIe p wtznd state of 16' Re wØ assiP Ied to be the
d / 2 ¤ [ 5 14 ] Ni l sson cod gurati on{61 In 173Ir p decay studm , the Á- y coincidence measurement

mvealed a 136 keV Ã my which was pmpoeed to depopulate the 11/ 2 member d the 9/ 2 - [ 5 14 ]

bm d i n 169Re[7] .

u e exci ted state@in 168Re wem populated vi a the '¢ m ( 2® , l p2n ) IepRe macti on . The é Si

beam was pmvi ded by the tm dem accelemtor a the Japan A tomi c Energy Reeeamh Insti tute
( JAERO - 1TIe target i s m isotÞ cal l y m t d ed E" Sm metal l i c fd l d 1. 3ms/ cmz Ý tnes8 ÷ × a
7md cmz pb backi ng . A Y- my detector am yM] comprising 12 EE Ce ' s wiÉ BGO anti - Compton

shields was used . 1TEe detectom were Cal ibmted wi É 40Co , 133Ba , and ln Eu standazd mum es ; typical

energy mSOIEIUon was about 2 .0 - 2 .4kev a FW H M fbr the 1332 .5keV Ã rays .

In OM er to determi ne the optimum beam enmng to pmduee te' Re and to identifV the in- beam y

mys belong ng to m Re , a mt , we meaSIZE· d the relative Ã-my yi eld8 at the beam eneEg es 06 140 ,

145 , and 150 MeV - 1TEen , the beam eneE¬y of 145MeV , at whi ch the yiel d d the 136 itev y my was
a maxi mum , was che, en Ø popul ate the hid E-spin st± es in 169Re . Ã-Y- t and x q - t coi ncidence

meaSUEY-menu ½ m peEfbrmed at th i s opti mum beam eneIÍ ¤ A total of 250 Á 106 coinci dence event8

wem accumulated . Aher accumte gai n matchi ng , these coi ncidence events wem sorted into a

symmetr ic total matri x for OH- l ine analysis . To obtai n the DCO ( Di metiond Conülations of Ã mys

deexcit i ng the Or iented states ) ratios , the detectom wem di vi ded into 3 Á £ups poei t ioned a 320
( 1480) , 580 ( 1220) , and 9OO M É m pect to the beam dimet im . A EE¶ -synmmtrim d matr ix m É

detectom ç £z = 900 against th£" at OI = 32£ ( and ¿ 1480) WÄ coastmeted . u e experi mental

DCO mUo was calcul ated by R DCo( Y ) = I y ( 0 1) / I y ( 82) , when I y ( 8 1) mpmsents the intensiti es

d m unk nown y my along the OI axi s M coi nci dence wiÉ the stM ched E2 transi tions al ong Oz

dimet ion . Sim l arl y , ÷ × the same gatm on o l axi s , coincidence spectm along the 02 axi s were

pmj ected to determi ne I y ( 82 ) . In the pmsent geom ® , stIütched quadrupole M EMi tiom wem

adopted if R DCo( Y ) mti os wem cloee to uni ty , and dipd e tmEmi ti ons ½ m asetamed if R Dco ( Y ) Ë

0 .6 . Ò 1e meastm d relative Ã- ray yid É , combined ÷ × Re K X -my coincident inionnation , helped

us assig I Y-my cascades to 169Re .

'I h level scheme or ze' Re , includi ng two mtati OZEal bands , i s pmposed h m the pmsent WOEt

and shom l in Fi g . 1 . TEe oM eri ng of tmnsi ti ons i n each band is detemIi ned accod ing M the Y-my

mlative intensi ti es , Ã. Ã coinci dence IªElati onshipe and Y-my enezzy sums . 111e character of

tm zsi ti ons is deduced fmm the meaSIZEÃd DCO mm lts . Bm d 1 has a typi cal character of decoupled

baZId . A Y-my spectm m gated on the 320 .3keV tmEMi tion i s shown in Fig . 2 . 111e lowest state of

thi s band is moet l i kely the Mate depopd a ed by the 320 . 3keV l i ne having a di pole chameter - 11Ä

981EeV tEEEmi tion was obeen - d veÇ weakl y because d its hid dy conven ed natuÓ ¤ ì Ee DCO values

for transi tions in the cascade above the pmposed bm d head am consi stent ÷ × A I = 2 chatmeter -

Ç Ee tm 18i t ions above the 320 . 3keV M nsi ti on m@ in coincidence ÷ × the 136 . 4keV l ine which is

bel ieved to dem y to the g m nd state , but th e l i nking tmEmit ions are tÞ weak to h obé rved . Gated

spectmm demonstrating the existence d band 2 is shmm in Fig .3 . Band 2 arises pmSEnnably from
the 9/2¤ [ 514 1 Nih on oÉ i± , which i8 812ppo± by the Á-y coincidence mmÇasummÓômümEmôInE

ÁÎ .deßea®y sÙtudy©L̈7¢jß. For band 2 , the branching ratioe, Which am deaned as

A Tv( I ú I - 2)
-- TÃ( I ú I - 1) '

aEªE extracted for the moet transitions .

{ Eµ

TÃ( 2ú I - 2)Hem and T7( Iú I - 1) are the Ã- ray
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su mm ed com ei demee m em m ê ed b y th e M m 6 ü " ú £" th a a e d ia ô ¤¤ . u e- bm d ing
m t i 0¤ m used to ext m ct th e m d uced tm nsi t ion pm bab i l i t y m t i c- , wh i c h ç ª dea ned " ¨

B ( M 1 5 I ú I - 1 ) = O W 7 [ E J I ú I - 2 ) ] ' Á 1 ( 4 ) , ( 2 )

B ( E2 3 I ú I - 2 ) [ E y ( I ú I - 1 ¡ ' A l + SZ U z r f

Í e re s i s the E JM l m xi ng m u £ soz th e A I = 1 ô Ø  £" ' m d E v ( I ú I - 1 ) and E 7( I ú I -

2 ) m the A I U an d A I = 2 t ran si t i on eneö eh m m et i vely . 1Tze mi x i ng m Ho s dd u ced b m
aBanal ar co rre l ati on eod Ed ents i n the heav i er od d - A R e i . £" p e- vad e- b a ween 0 . o an d 0 . 2 LE- 3J .

Ê 1i s smal l val ue- has h ad l y m y ef eet Þ the ext r act ed m d uced t r ansiit i on p m bab i l i ty raH06 .

Co nsequ en tl y , the vd ud s = 0 . O has been used i n the p resen t and ysis .

M ue l l er et d . have cal cu l ated t he eq u i l i b r i u m def om ati on s for e oçSEEd - state and i ntm der
conf-EF m t i ons i n d d - A Re i sotop es[10] . Ó1Ee cal c ul at i on pm di ets É ± fo r 16¢ e the 9 / 2 ¤ [ 5 14 ] bm d

i s expect ed Ø h ave quadm pol e dd om aHom am u nd 0 . 18 , ,ø i le th e m U Hond -al i Á ed band based

on t he 1/ 2 ¤ [ 54 1 ] m d 1/ 2 î [ 6Ø ] N i l eeon £É i ta ls te11d to have larger deform at ion s . Ò 2tas th e

avd abl e N i l- - £" £ø td s for Ö e a th e pm d i et ed pm Aa e dd bm Ø i ons m th e l n Õ [ 4 11 ] . 1/ 2 ¤

[ 4Þ ] , 5 / 2 ¤ [ 4Ø ] , 7 / 2 ¤ [ Æ ] , 9 / 2 - [ 5 14 ] , 1n - [ 54 1 ] an d 1/ 2 ¤ [ Ø ] , am ong whi ch the

hid z- j Í Í ¢ - [ 5 14 ] , 1/ 2 ¤ [ M l ] ± 1/ 2 ¤ [ Ø ] d th e h 1® , h m M i urz paren tages ,

m ped i vel y , m pazt i ed - r i y i mpon an t f or th e hi d E- sp tn sM ± ¤ 'I Ee d iE em t ozU tah wi l l e ve r i se

to m u Monal ban ds ì ú d ig em t spec i Sc sp ecé Ø eop ic c hu ¤ctem - W h en th e M d z- k oí i tals am

oc cu p ied the stm ngj y cou pl ed ban ds wi th smal l si p atum sp l i tt i ng and stm ng A I = 1 t ram ti ons m l l

occ u r - Ò 2e unpai m d pm eon M the low- k orb i ta ls w il l on th e ot her hand easi l y al i gn th ei r sp i m an d

th e bm d s m th large ai e za un sp l i th p M M h obeew ed - A t h igh - PAn s a pai r d in tm der M d E¤j

pan ic l - s am expec ted Ø bm ak up and al i g z thei r angul ar m om entu m al ong th e m tat i on ax i s
p rod uc in g m up bend É a bac k bend . h tb e mass reg on azo-nzd E®¢ e , the exp ed m entd resu l ts an d

theoÓ tic al cal cÉ t i ons[ Ð ¨ ] hav e demonstm ted É ± th e al i gned i ?" neu tm n cod gur at ion i s

m spom i b l e f or th e BM M EEd cm m ag .

N uc l ei i n th i s mass m g on am k nown to h m tlw sd h ì t h m pect  R and Ã deformat ion s -
U e nuc lear shape d " ¢ e m ll th us h ima m need by th e q u asi pan ic le cons F rat i on . Both th e

q uad m p ol e deformati on f h m d the td axi al deformati on Ã d th e nuc l eus em be d iE em nt f or d it I em nt

eonS gu rati ons- ö ,e d im et ion d the Ã dd vi ne h m e ezm ted by a quaMpan i c le i s m h ted Ø th e

poei t i on or the Fem zi sEnf ace × th i n th e m bghel l . Cran k ed shel l - model cal cul a6 0ns d quasi - pmt on

energ ü " a fu nc t i on d Ã de
form at i on [ 12¤13] in d i cate ú " th e mtaHon- al i gned OE43i ta l s favor poei ti ve

L an d a d ri v i ne towards n eÁ Hve y - val ues i s expected wh en the Fei m i sEn f ace l i es on the top d th e

shel l . A t hi gher f m quenc i ü , th e al i Á men t d i m neut rons fo r nuc lei m É N 4 96 i s ezpec ted 

d r i ve th e nuc l eus tm m d s m al l er q uad m pol e dd bm aHoms , si mu l taneou sl y f avor i ng poeHi ve val ues d
Ã[ 14, ½ .

h ord er Ø d iseuss the mU Zi ond p rop eEt i es d MeRe the exp ed m ental rou th ians and al i g zmenu

h ave been ext ract ed ac£Od i ng Ø Ref . [ 13 ] an d th ey m p m en ted in Fi g . 4 - W e have c hoeen a
rd em ee e ven by the Hard s pam m etem J e = 20 Í M eV - E aM J , = 60 õ M eV - 3 . wh i c h g ve a

good desc d PAti oa Ø th e y m t bazzd in Eaä Ã ] .

Band l hu a deeou pi d stm ctu m stag est i ne that the coma su m Hon inc l ude@ pm om h m m
o = 1á 01b i tal . Cand ida e ozb i ta l s m 1ó [ 4 11 ] , 1/ 2 ¤ [ 4Þ ] , 1/ 2 - [ 54 1 ] and 1/ 2 ¤ [ 660 ] .

Consi der in g th e systemat ic s d th e level spaei np m th e neid 1bor ing odd - Z nuc l ei [ l- 3] , b and 1 i s

assu med to k based ¶ tb e U 2 ¤ [ 54 1 ] N il l sm oú a d and the lowea a a e has a sp i n val ue d 5 / 2 .

For the Ð h wz sub - hel l th e Fem i level i s d oee to th e l / 2 - [ 54 1 ] OEM tal , l ead i ng t o l arg e si p u tu m -

sp l i t se× aea ces d wh i ch we have obeem d on l y tb e fav£" d ( Á = + 1/ 2 ) Ø mp oment . A s sh om i n
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Fig.4 .

labels m

E3É scted d e m ent i and RotaÉ iazz enezw e fer measured rotauonal bands m Ie¢ e . The

the legends indicate the bends Ä they am labeled in Fig . 1 . 11he Hard s reference
parm etem am cboeen Ø k Jo = 2OU MeV - 1 and J I = 60 õ MeV - 3

~

Ü ¡ × È :Ö Re Ä ª ¯ ø á ¹ Ð ¿ 995

al ig zed Fig.5 . Experimental B ( M1) / B( Ê ) ratio- h r band 2,
and and theore6cal pma ction deecribed in Ée text .
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meul ting a near prolate shape after the backbendi ng .
FEM ber informaHon about the st ru etum d the 9/ 2 ¤ [ 5 14 ] bend can k obtained by comparing

theomti cal B ( M 1) / B ( E2 ) val ues m th experi mentd ones . 'IEe experi mental B ( M 1) / B ( Ê ) rati o@

have been deduced acCOMme Ø the equa ion ( 2 ) descri bed in the previ ous seCHon . Ò 2e

expertmental data is sho,m in R g .5 together wiÉ theomti cal estimates obtg ned h m a -em ela- - ical
fomml aL17." ]

B ( M 1 ; I ú I - 1) 12 f , k g 1 ¤2KZ 
B ( » : I + I - 2 ) ø Q; cot ( Y + " £) l Ò - ( I - l j 2 ) z j 7 »

{ u - g E) [ ( I Z - U ) ln - i 1] - ( g 2 - h ) Ý ª ) ( 3 )

111e m tFEn s 1 and 2 d er Ø tbe sbund y Þ upted and decoupled quasipan icles , respecti vel y .

× Ee g m maÁ eti c g I and gz m taken b om Rd . [ 1] and the mMHo-zd g romag -etie factor g R is

taken hem Ø Z / A = 0 .443 . The ai ip zment or the É w zd y coupl ed pan icle is m t to i l = 0 .Ok and

for the three quasiparticle band a val ue i z = 10 . 5 h " deduced from exped m nt is used for the

decoupled neuuon pai r - m e nomi nal bm d head K -value of 4 .5 Ê used . 111e quadm pole moment is

set to Qo = 5 . 5 e - b , which cormsponds to the quadm pole defom ati m d the even-even Þ Ó

nucleus 1¤WM ] . By a" um ng y = OOthe expeIi ma m uy obeewed tmnd d B ( M 1) / B ( E2 ) mti oe h r

the 9/ 2 - [ 514 ] band is m mduced b7 the ttm£É if the au g m ent Á n is attri buted to the A B

neut ron em- - m g. At low spin the t}moreti ed val ues for y = OO ovemsu mate eµ eri ment , and

i mpmved aF ement could h obtai ned for neÁ ti ve y deformation . Ò 2e B ( M 1) / B ( E2 ) ratioe fbr the
9n - [ 514 ] band show a pronounced increase d a factor of 2 at the spin wbem the d e m ent a mt

reache@iu mó i mUII1¤ ì 1e mt ioe of the mduced transi ti on pmbabil it ies a low spins and the increase
d ter the backbending for the 9/ 2 [ 5 14 ³ band i n '" Re a£ £ompamble Ø th e Obtai ned in the 9/ 2 -

[ 5 14 1 bands in the odd-PEÉEton Re nuclei [1¤3] . TEe inCIøease in the branching rath cm be due both

to a loee d the coUØ ivity and m iEt n a-e i n the M 1 tzm siu£" ' Ã nsth . Aaeumins a constant

quadm pole moment the model PE- diets m iô ¢ease in the bm ching rati o when a pï r of i 1312

neutrons al iÁ ¤ ì ze experimentall y obeew ed inemase in the B ( M l ) / B ( E2 ) ratio- i s in qual i tati ve
agreement ÷ × the pmpoeed neutmn orig n of the backbend in the Ð9/2 - [ 5 14 ] band .

h summa® , the odd -pmton nucleus te¢ e has been produced in the bon² aEd ment d the " ¢ m

ta F t m É the Ì Si pmj eeti les . A level scheme ooºMisting d two mtat ional bands has been

establ ished . 112e poesible quasipan i cle eod gurat io-zs d these bands have been eum m ted based on
the measured i n-band B ( M 1) / B ( E2 ) rat ios and the exiSHng knowledge of band stm culm in the
neiå bod ng nuclei . ö ,e i m neutron aug m ents have been obeew d in the 1/ 2 ¤ [ 54 1 ] and 9/ 2 -

[ 5 14 ] bands a ha, = 0 . 27 and 0 . 23 MeV , m ped i vely . TTze diEerenee betm en the cmesing

hüquenciee cm be interpmted in temm d shape dd vine eEects since the di gerent pmton orb4tal s

favor diEem t nucleaz shapes . 111e obeerved di mppemm ce h sip aEure spli tt i ng ah er the i urz
neutmn d i e mEent h the 9/2 - [ 5 14 ] band indicates that the oppoeite y dd vi ng fomm d the stmnd y

coupled pM ¶ and tlm alig Ied i m m æ £" s m y cm eel each other - and mSUIting in a near pml a e

shape after the backbendi ng .
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