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R o t a t i o n a l B an d s i n O d d - O d d 174 R e Ç

D EANG Yæ u E Ï NG SzuaEª QUó HIJANG WezXue E C IJ ?² »±  ªE FENG XiÁ Ä

XU Xiao IZ I XiM34 3Þ GUO YIE3876Ôû E RI SzmFd Ef E JiaZIj tm WANG Szd h

LIU ZlmIg LUO Y1Xiao
(htdttute of Medens FhF ch U eÁ mm Amdew of sdenc¡ , IAM BO-4730000, Á ina)

AM WM EM Zµ tn a atÊ iz11%Re have bem stEd ed via dEe 1591¢ (mNe, 5ny ) 174Re

react ion ttuu ² exd tm on fm ction , X-Ã m d Ã.Ã Þ tIEddgm EEEõ sum m zts. A sm tched

E 2 Õ cade has bem i¤ tifid m d as WÄ m be the doubly dem p ld bend ba¾ Þ the
d f2 1 54 1] Û Í 1/2 - [ 521 ] Þ naguradon- Otha two bazÉ ÷ × æ æ m upled ad

stmnd y Þ tp ld chaZE m s have been found and tlm quasiper dd e m zä m tions an

qualitatively disc1ù ô 1.

Key ì ,² odd´ Øú Imclam, iIPbm n Á mzm my , deÞ µ led ba d

Ç 1e m m pt of ¤ bly dem ph d M zd has bÄ z well Ä ablished[1] m tlze dd ormd m m E th

nuCld - In mch a M EEd sm ct1m , boÉ the vaiØ « pmmn and the valÙ ö neutzm occupy pzÀ m i-

nszzt ly th e O = l l 2 £ø ¥ , aM × a m ï qtm m , ttEe st etch d E 2 Á m de a m ilE m dzat d the

p ast M M d nd d zh d Eû õ ô e vÄ m eld has bea 1¿ pd zzm td ly iÉ 16 fid - Four rotational bezÉ
d 174Re have bem pm dots ly mpon ed in Rd . [ 2 ] Lg rØ the mN e + 1" T b m ct ion M bm 1´ a g d

115 M eV . E² VFever , the aã g nng u d t tm e IOtam zd bands m 174Re hÄ Em bm 1 Þ nSrm d w

the exd tam z fLEEtm mØ ó Ä m t [2] . M ter dEe m mn of d m m [ 2 ] , the lw d scha m d E72Re

M b¹ g tabushed m m m tly w two p m l 3.4] . I t  m zpr ig ZØ that t he × Bbiy deÞ upld baM
Ë £zt d m Rd . [ 2 ] is d m et t tB sm e × the d n - [ 54 1] & m p ld M EEd m 175Re. Ftz thm m rh

azmthe M U E 2 Ã tr ï l a tion s÷ um ce as i8 1ed m 174 ReU] can also k fotmd m the d /2 + [ 402 ] baM

d 175Reb -4] . 113ÊÊ otÉ , i t ² woz² ² Ò1e to rd nvÄ ú gmte the ô À st uctmÄ aEMt , m per t icul× , m
m zd Efg the ¤ biy deÞ µ ld bed in 1%Re.

Ç Ee a pm zm 1t lzÄ bØ 1 pd orm d at H EE L uSEª th e 15' T b ( ´ N e, 5nÃ) 174 Re rÄ d Þ -

113e mrget M nat tm 1 1Ð E metall ic foil d 2 123d m z tMch m w ith 5 mgj m 2 pb bacMZ1g . A Ã-my

detector ar ray KEeld izzg 6 EF Ge ' s w ith þ 3O and-CÞ 1pton ( A C ) shields w as tmed . Ç m e deteemÄ
were div i² d into two g otõ ô ¹ × ,zd u 30¤ 811d 90¤ w ith " ' Ô t to the bÄ m diEÄ don - T he typi -

d g EØÂy mm lution of th EP Ge deü cØm w as abÞ t 2 . £ » 2 . 4 k V at Full W idth at Hadf M an -

mm ( FW EB A) for dEe 1332 . 5 keV line. In « d e Ø idm ti f y ttBe iZFbÊ 21 Ã mys or ig nadzª
fzØ 1 175Re ( 4n cham d ) or fm n 174Re ( 5n cham ei ) , dze b² § g za ¬ ó £f 106 mÀ 112 M eV WØ
ú ed dï iz1g m pe ima zt T wo , ä t ra an slmw n m FIg . 1 whe e y rays cÞ Eixª f zu n 175Re ( 4n

cham el ) [3.4] am dm 1inazzt at 106 M eV bea n g 1ergy , and m ne m w Ã m ys ( 115 , 155 , 178 , 303 ,

and 408 k V ) bem ne m u ç ® WM Ethe ba m a m z y  izm Ä m d Ø 112 M eV . ÓTEe dem y Ã mé
WØü also EIEeasuzÀ Ø check if m Re w as pzu duØ d at E é = 112M eV - I t was fom d th at t he M 3

kd ime m w m d ng m tk 4 + ú 2 + m m m in m w w m vg y stIOù M has m half ½ d
2 . 36 ( À 0 . 1 0 ) mhzutÑ ¹ Ä st a u w Ã12 ®tlze T El z = 2 . 4 2 ( À 0 . 0 7 ) m im tÊ of Em Re
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dedtBÄ d

FIg. 1 Ã- my ê ä m obtamed at the bÉ I1Ä azag d 112 MeV (a) md 106 MeV (b) .
I Ee pd g ÷ × ®Ç ' iEd mte the in - bm n Ãmys fm mm Re

Fig.2 Selected m - gmte m cm (a) , (b) and (c) fg bM 1, h nU M Mrd 3. m º Àvely.
Th mar lt ®G' indi« tÄ gmzû Ã ray, and ®c - fEE Þ ntmØnation

111e level sche ne É own m Fig . 3 is laz¬ely di ffezÊ 1t fmm that mported in Rd . [ 2 ] -
Fm t , ë 197- 315ú 21- 512 kev --i I = 2 ü scade ¤ be att r ibuted to tk d /2 - [ 541]
bend of m Re by m nparing the spectm m Fig . 1. sem ® , the whole A I = 1 casÊ de in

' faw
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Rd . [ 2 ] m n m t be Ä tabushed f r m our dm . H ow m r , ô t of t hi? ¹ Á de m be m igned
Ø ei t her the TÈ /2 ¤ [ 5 14 ] bend or Ø t he 76 /2 + [ 40 2 ] band d 175 R elM J w i t h t he -obsew at ion

of czm over tm na t ions - T h ir d , thm is m m nd da m E· lat ion bet w eg 1 30 3 k eV and 177
it eV l i tzÄ ¤ F EØ 1 0ur EIÉ Stlm zlen ts sh ow n in F ig . 1 and t he EÁ - Y Þ Am ideaces , w e propØ e

a par t ial level schÄ Ee of m R e in F ig . 3 . BeÊ use of the poor stat ist ic of 01z data , t he detaild

in form at ion ( for exam ple the m ¶ rat ioe and t he in - band B ( M 1 ) / B ( E 2 ) rat ioe) can m t

be ex t r act ed , t herefore th e br ief discuö ions gi va z below ar e based m ain ly Þ syst Ê m t b .

Band 1 Band 2

fv¤

"-zh17¤Re

FEg . 3 Pardal levd schm e d E%Re dd umd fEÄ n the pzØ Ø t ww it

W e Þ EZcm z at e on t he Á Sa de show n m F ig . 2 ( a) w hi ch ² Þ EBa dered Ø be th e doubly
deÞ up ied ban d ( band 1 in F ig . 3 ) based Þ Ð1/2 - [ 54 1 ] @Í 1/ 2 - [ 52 1 ] Þ nf ig ur at ion - A s ci t -

ed in the f im t pamg r aph , th is st ru ct ure invol vÊ bot h a pm tmz an d a neu tm n pm dom i nan t ly

in O = 1/ 2 or13i ts - Ç 1e signatum spl i t t ing in such a st r ucture is very large , on l y the favored

A I = 2 t r ansi t ion sÇ um Ê Þ ui d be obeezv ed in t h is a Eped m m1t , t he unfavor ed one is usuall y
di f f k u l t Ø k obeerv ed due m ² m zpli ng ef fect . I n f act , th e 5/2 - m m ber d d / 2 - [ 54 1 ]

Þ n f igur at ion an d th e in t r HEst d / 2 - [ 52 1 ] stat e m m l sideM to be t he p m d st at e or low

- ly i11g ex ci t ed st at e m the neig hbor ing 173 R e[61, 175 Rd M l an d m ,m w m nuclei - Ç 1e bend

head w Ãh d / 2 - [ 54 1 ] Û Í 1/ 2 - [ 52 1 ] Þ nf ° urat ion Þ uld be the g rotm d sta t e cr low - ly iù

st at e of 174 R e ( in a zm - or der appm x izn at ion [8] neglect ina m tdud in t eract ion ) , t hus a p

t at iom l band basd Þ it Þ uld be obeerv ed in t h is e´ Ô im m t . T he smn e deÞ upled bands
have bem found in 176 R d s] and 178 R e[9] and draw n m t he lef t of F ig . 3 for m 1Par is 311¤ T he

good syst m at iÊ in level spaeizzgs suÜ Ø m that t he low est state of th is band is m st PEu tã bly
the r = ( 5 ) + st ate .

Band 2 ¹ IU B t su u ngl y pop ulated in th is ex pe m a u and m z k z̈ gad ed m t he sa n ide-
Þ upled band [1] based Þ d f 2 ¤¤[ 54 1 ] ( Á = 1/2 ) Û Í i m ( Á = ¿ 1/2 ) con fç ur at ion . T h is m -

sigm en t is suppm ed by t he pronom ced level stam ed ng ( or iginat iù f m z m i un neu tm n )

an d a k ge band cm § i ng f requency h Øcü £ - M M eV ( pm babl y caused by bot h th e neut m n
block ing ef f ect m d involvm zm t of th e pm tÞ 1/ 2 - [ 54 1 ] in z uder oÉ i t [101. Ç 1e sg ni decou -

p led ban ds have been found m m any odd - odd n ucl ei in t h is m as r¦ ion ( see , for exam ple ,

Å ñ ¢ È :ææå mRe
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Refs. [ 8 , 10 ] and mferencÙ ö É ein ) , but , i t was not unti l qui te mcently that fhm spin Ø -
signnm m M d bm made in ¡ ,164T m and m T a[11] . As a m Ä qua Eü , the signat tm iEWer -
sb n has been diSÞ vezØ in the d /2 ¤I 541]@M m sa ElideÞ upled bandÉ I f the syste m tb h

level speeings can be used , the spins d b± Ô 2 Þ uld be pmposed m shown m Fig . 3 . T his

spin amie unÄ t w ill Þ m equm t ly lm d to a low µ in a g mtum inversion Þ nasteru w ith sys-
temab· .

AP® t fm n bm d 1 and M EEd 2 , we wu dd l ilte to mpon the obeervat ion of a sm ngly
coupled band ( band 3 in Fig . 3 ) . T his band shows intense in - band M 1/ E 2 transi t ions m

indi¸ ,ted in F ig . 2 ( c) and is most likely based on the Ðh l ln ( Á = À 1/2 ) @Í i m ( Á = 1/2 )

quag part k le COZEf ig n ation - Ç 1is band can not k extended to hM w spiI± , m d the Ô D mE
t ioe and t he in - bend B ( M 1) /B ( E D ratm À 1not be ex m eted beÁ use of pÞ r stat ist ic d

the data . A nother eE× ez¤ima u wi th high stad× × × in plan to fur ther study the band Sm e-
tures of 174Re.

o n stmm ¢ y , thme mtat iond ban ds in d d - odd 1%Re have bem new ly ident if ied by

this work . 1E e level schm E PT× × ted h¼e is largely di f fem Et fm n the previous one. T he
doubly deÞ upled band is st remd in this paper -

z b authors wish Ø thank the staH s of the k eeleratw Dz-vision qf IM P f or PFVUid ing
the aN e beam , and Mrs. IVang Xiw ing f OF PreFu ring the m TB UF¬d .
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