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H igh-Spin States of the Neutr on-Rich Nucleus 125Sb Û
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A b¦ , ct High spin Ä ô d m sb have been inveç , ± ç tbe SEø t ime by m am of in-beam Ã-my

gpecm ä opy techni ques via ttEe IMSn (7U . £2 n) macuon a 32 MeV beam energy . BÃ ed on the mm aun -

menu of Ã. Ã coincidence and Ã- ray anm t opie- , a level scheme including 21 new Ã-M Emitions and 14
new excited levels was establ ished up Ø 23/2 ¤ - 11uÉe isomer- at l ó70 . 2 11O and 247 1 keV levels have

been identiÔed and pmF eed Ã three¬quasi padicle q ?Ñ ( 1SEM In ) , Ðg m Í ( h almdzÑ and q 7̈ ( lzi BrJ
coni1811r ations - Et spect ively . Ç 1e level suu ctum of m Sb is discussed in terms of pan icle- com cou-

pling .
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Spec t m sc opi c stud i es of t he h i gh - sp i n sta tes i n odd - A Sb ió topes h av e reveal ed comp l etel y di f -

fem t exc i t at i on mod es . h th e h eav i er Sb i ê £peg w i th A zz 127 , si ngle paø c l e exc i tat ions m an i -
fest , and iso mem or ig Elated f ro m eouPIi ng th e odd pM m and two- quasi neutm n j , 7 - , 10 + i so -

meEt c states of the even Sn com s weÓ i dem f l eu - 3] . W h i l e i n the l id zter i sotop e8 ÷ × A g 12 1 ,

A I = l col l ec t i ve m tat iOZEal ba nd s bu i l t on g 912 p m ton - hole i n tm der states h ave been sy stemau cal l y

obm w ed [4ú l . Th e n uc l em ln Sb i s located i n between , i t i s of i nt erm t t o i n vest igate th e p m peEt y of

i u h ighµ i n stm ctm . s o far , avai l ab le i nfo rmat i on concern i ng iu stm etu Ó com es onl y fm m p de -
cay an d l igh t - ion ( p , d , t , 3 H e ) i nd uced Ó act ions{71 I n th i s let ter we pm sen t the f im t i d ent i n ea -

t ion of h i gh sp in states in th i s neutm 1¤r ic h nuc l eus by mean s d i n - beam Y- m y spec tm scopy tec h -

n Iq11es .

T he exp eri ment was pezf orm ed m th h beam b£ý aM m g m en ri ched sel f - su ppoEb g 4 nW cmz

th i ck 124 Sn metd l i c foi l at th e tan dem accel erat or l ab oratOE7 i n th e I j n i vemi t y of TSEEk uba , Jap an . A

Y- m y detec tor arm y consi st i ng of 9 B G0 ¤Compton - SEEpp msm d Ge d etec to rs was used f or Y- m y detec -

t i on . Fi ve Ge detec tom weÓ p l aced at 37 0 an d th e othem near 90 O M th m spect to t he beam di m et ion

ó that t he A DO ra t i os ( A ngu l ar D ist r ib ut i ons of y -m ys de-exc i ti ng the OEt ented stat es ) cou l d be de -

d uced fm m the coi n ci dence d ata . A H the detectom were cal i b rated w i th standaM 152 E u an d 133 B a

souÓ es . T yp i cal m eEü y m so l ut ion wÄ 2 . 0 - 2 . 5 lt eV f or t he 13 32 lm V l i ne h m 60CO SOUÓ e . × 1e

y - y coinc i dence measuÓ ments weÓ ped or zy3ed at a beam eneI¬ y of 32 M eV . A tot al of 40 mi l l i on

Ã- Y- t Ø i nc idence event s weÓ ac cu mu l ated : t i s the t i me i EIt em i betw een two coi nc i dent Ã- rays .

DUEt ng the measu m me± , the coi nc idence t i me wi ndow was set to k 10 0 ns . TTEese data were sod ed
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i n t o o n e SP In y1et r t c an d tw o n o n - sy m BEe t d c A D O m a t r i c e s f o r OE - l i n e an a l y si s . h OM e r t o i n v est i ga t e

t h e p m se n c e of i so m e m , a d e l ay e d co i n c i d e n c e m at r i x w as a l so c re at ed w i th a t i m i n g co n d i t i on o f

4 0 n s ´ t ´ 10 0 m .

B ase d on d e ta l e d an a l y si s d y - y c o i n c i d e n c e m l aH o n sh i p e , Ã - ra y r el a t i v e i n t e n s i U e s an d

a n i so t r o p i ü , a h i d 1¤sp i n l e v e l sc h e m e h as b e e n e sta b l i sh ed fb r m s b m sh o w n i n F i g . 1 . I a w - sp i n

e x c i t ed sta t e s o f m s b w e r e a l m a d y stu d i e d v i a o d e c ay a n d l i e u - i o n i n d u c e d m a c t i o n s [71 11 1e p m v i -

o u sl y k n ow n l ow - l y i n g 10 8 9 , 10 6 7 , 3 3 2 , 1o e 8 . 8 2 3 , 9 16 , 2 7 0 , 80 0 , 8 9 3 , 14 2 0 an d 4 7 0 lt e V

t ra n si ti o n s a m o b m ¼ e d i n t h e p m s en t w o d E an d th e i r c o i n c i d en c e EªEl a t i o n s h i p s ± sh o w n i n th e l e f t

p × t o f F i g . 1 M e co n S m Eed . M u l t i Po l a Et t i e s h a v e b ee n m e a 811Ó d f o r m o et o f t h e se k n o w n t ra n si t i on s .

O u r d a t a b as ed o n th e i r an g u l a r an i so t m p i es m f ou n d i n aSTe e m e n t m É th e p m v io u s as si gn m e n t s -

h ad d i U o n , 2 l n e w Y t r an s i t i on s a m o b se w e d m c o i n c i d e n c e m É t h e st m El s e - t 10 8 9 an d 10 6 7 lt e v

t m n si t i o n s . 111ey f o r m th e n e w l e v e l st m c tu m m sh o w n i n th e m d d l e an d d d zt p m d th e F i g . 1 .

Ò 1e sp e c t m ga t ed o n d ze 10 8 9 m d 14 6 k e V t r an si t i o n s am p Ó s e n t ed i n F i g . 2 t o sh ow t h e q u al i t y o f

t h e d a t a . Ò 2e 14 1 , 2 4 6 , 10 5 , 10 8 a n d 2 5 5 iEe V p e ak s a re v e Ç w e ak i n th e sp e c t m m ga t e d o n th e

10 8 9 lm V M EM i t i o n d u e to t h e p Ó ge n ee o f i so m e d c st a Ê a t 19 7 0 an d 2 1 1O K V Ê m l l k d e sc r i b ed

l a t e r .

t21á ¢tzss b

1TEe A DO ( 40om o£) rati os of the 904 , 1103 , 132 , 332 , 146 and 490 lmV F mys m laEF

than uni ty , suu esti ng that they m stmtched quadm pol e ( A I = 2 ) transi uons . 111ey m in pmmpt

coincidence ÷ × the 1089 keV transi ti on , 80 they am assig md as E2 transiti ons ( since pmmpt M2

transi ti ons am very mm ) . Posi tive-pu t ty am thus tentaUvely assi PIed for the 1993 , 2193 , 2325 ,

2A 71 and 2484 keV levels . For the 132 iteV tmzm uon , by gati ng on hi d zer lying transit i ons and

consideri ng the intensity bal ance , iu internal conversion coeE1d ent wÄ ü " 2cted to be amund 0 .7 ,

811PPOEt ing the above E2 assi gnment . ACCOM ing to th e spin assi P Inents for the 2325 and 2484 imV

levels , the 159 keV tmm iti OE1 8110121d be a A I = O tmm iuon , in ag Ä EZEent m É iu laEF A DO mtioe

of about 1 .36 . Ä Ee A DO mtioe of the 296 , 153 , 9 17 , ?A 2 and 163 lEeV Ã-mys am less than unity ,

impl yi ng that they am typical stretched dipol e ( A I = 1) tmEmi tions .

× Ee ani sotmpies of the 881 and 903 keV tru u i t ions am veE7 close to unity , implyi ng that they

ß ² " í ë Þ " í (EEP& NP) Ú 264S
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Fig .2 . Coincidence specÀa p ted on the 1089 and 146 keV Uï ZMUon- -

am de-exci t ion of one exci ted state ÷ × hal f- l ife long enous L Indeed , m shown in Fig . 3 , low

peaks a 14 1 and 246 lmV appear in both the pmmpt and delayed spectm Á ¼d on the 881 kev u m -

siUon , veriÐ i ng the exi stence of a long- l ived isomer a 1970 iEeV . Simi larç , the 166 keV l ine al eo

show a considemble delayed coë m enu in the spectm Á ¼d on the transiti ons below the À 7 1 kev

level , indicating the pmgenee of m i somer a M 7 1 lmv . Because the stati sti cs d the del ayed 14 1 ,

M 5 and 166 lmV Y-mys am veÉ l ow , the hal f- l i ves of the 1970 and 2471 imV levels m esHmated

onl y fmm the ratioe between the counts d the delayed Ø np om nu and the total count s of them Ã-
mys in coi ncidence spectm . 'IEe half- l ife is ext racted to be in the range of 40 - 200 m and m aver -

age value d 85 ns is obtained for the 247 1 ld 23/2 + level . For the 1970 keV level , iÚ hal f - l ife i s

i n the mnge d 70» ÒÞ ns , averaged Ø be 3Þ ns . h thi s experi ment the 10 î isomer in 12 Te was

al so popul ated and m avera- e half - l ife d 350 ns is obtai ned usi ng thi s method , whil e i ts half - l i fe
was measured to h 370 m m a pul sed- beam exped menu su g vi ng conn denee to our mgulu . h ad -

di t ion , the 105 lteV Y- li ne is not observed in the spectm gated on the tmnsi t ions bel ow the 2 11O keV

level , either does the 14 1 keV peak appear m the spect ra gated on the transi tions ú £ve the 2110

lmV level , impl yi ng É a the 2110 l evel is m isomer ÷ × much longer hal f - l i fe . A lower li mi t of

2 Ì s is obtai ned fmm the exped mental sem iuvi ty and the coi ncidence Hme window .
W e have propoged spin and pa t ty of 15/ 2 ¤ for the 1970 keV l evel si nce the pan ial hal f - l ives d

the 903 and 88 1 keV transit ions am moet compat ible ÷ × E3 0r M2 multipolarium . In addi tion , the

ani sd ropies of the M 6 and 108 lteV tm mi ti ons mm ifegt stEØ ched di pole chameter , al so suppozt ing
the spi n assip zment ( 15/ 2 ) for the 1970 keV level made above . h fact 15/ 2 ¤ i somem have been

systemaHcal l y obsew ed in 131¤12, .m sb at 1677 . 186 1 and 1920 lmv , mspec6 vely . We cm see that

the 1970 lmV isomer m ö Sb º l lows ch eely the enmw systematics of 15/ 2 - isomeric sta Ê i n neu-
tron- r ich 125- 131 Sb i , otopee .

The 1£± lmV li ne is also meaSEEmd to h a di pole Ø Emi tion . Spi n d 15/ 2 or 19/2 could be m -

si e md for the 2 11O keV i somer . Ò 2e long half - l ife d this l evel excl udes M l or E 1 mulUPolad ty for

õ Ò È :Â Ð Ó £ ÖSb Ä ë Ôª ¬ 1197



Fig.3 . U e promR ( bottom) md delayed b tp) specï gated m dw 881 keV M M Uon .

the 14 1 lteV transi t ion . Based on the systematic occum nce of mi cmsecond 7 - isomem in the even

Sn isotopes and obsew ation of 19/2 - isomem M In .msb , we have assi PEed spin and pari ty of 19/ 2 -

to the 2 11O keV isomer .
1Tm di pole 9 17- 242» 163 lmV cascade was assiF Eed to m sb based on thei r coincidence mla-

ti onshipe wiÉ the 1089 1mV tmEmit ion . Accod ing to the CASACA DE cal cul ati ons , in the pmsent
maction the residues pmduced ì th obeew able CEWes-sect ions are mû 1Ð , tzû En Th and tZ4¤125Sb .

A mong these nuclei , only 125sb has m p ast transi t ion ¶ th enmÓy i n the m zge d 1087- 109 1 keV ,

so the assignment of t izege tmnsit iom to other nucl ei eould be excluded . Parit ies cm not be deter -

mined for thi s level sequence .

Now we g ve some discussions on the confESUETUions of the obsew ed levele . I t is al Óady known
fm m one--nucleon tmad er Óaeti ons É at i n m sb the F und state , 332 and 1890 lt eV level8 aÓ orig-

i nated fmm the g À , d m and h 11/2 pmton OE43Hal s above the Z = 5O shell closure , Ó 8ped ivelyi?] -

Other exci ted statÊ could k formed by coupl ing the odd pmton and the coÓ excitations of IMSn -

U e 1067 , 1089 keV levels m the 9/ 2 + and 11/ 2 + membem d the Ðg m Ú Ã multiplet , m pee-

ti vely , formed by coupl ing one- phonon Ã state of BMSn × th g 7r2 proton , whi le the 1420 lmV l evel

i s fom ed by coupl ing m th the dsz pmton sta e . u e 270 imV t ransit ion feedi ng onl y the 1983 lt eV
11/ 2 ¤ level is a stmtched di pole , Ø the 2253 keV level i s tentatively assiÁ ed Ê 13/2 . Ò 1ese two

level s decay to the q m Û 2 + mul tiplet , impl yi ng that they have considembl e g 712 single particle

component . × Eey m et probably od e nate fmm coupl ing of the g m pmton and the octupole exci tau -

ons of the com . Such negative-pad ty states wem pÓdieted to l i e between 2 .O and 2 . 5 MeV by theo-
ret ical cal culat ions[' ] , i n ag Ê ITEent m th the pmsent expert mental obsew ati on .

Ò 1e exci tat ion enmg es of the two 15/2 Õ levels ( 1993 and 2 193 keV ) in 125Sb aÓ close to

those of the two 4 + levels in 124Sn . 'IImy am vew li kely fomEed by coupl i ng the g m pmton wi th

these two 4 . COÓ statØ .

In the even- mass Sn isotopee , the two-quØ in´ tmn Í ( h l112Stn ) 5 ¤ , Í ( h Ilnd m ) 7 ¤ and

Í ( h i ¨ ) 10 Õ 8ta es m nanosecond , m em econd m d mi cmsecond isomers , respecti vel y . h thm -

quasiparti cle su tes formed by coupl i ng the si ngle pM on m th these j , 7 , 10 + com states am d -

m expected to be isomem . With the avemge half- l i fe of the 15/ 2 isomer , the reduced transit ion

2000
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probabi l i ty for the 903 lmV tmEMition is B ( E3 ) = 4 .4 W -U . , veÇ cloee to the B ( E3 ) = 1 .5 W . U -
of the Í ( h l lfZSlm) 5 ú Ã E3 decay in lMSEEMO] . Ê 1is suggests a Ðg 712Û Í ( h Ilf2SIm) 5- cont-EEEzra-

ti on for the 15/ 2 isomer . Ò 1e mduced tmEMition pmbabil i ty of the 14 1 keV tmzm uon is

B ( E2 ) ´ 0 . 13 W - U , implyi ng that the ma n paEt g d the wavef unctions d the two isomem at 2 11O
and 1970 keV am difh mnt . For a si milar m decay , i . e . Í ( h 11f2 4 2) 7 ¤ ú Í ( h Ilf2 S112) f in

124® , B ( E2 ) = 0 . 1 W - U ¤ WÃ measured . So i t is ve£ masonable to assip z a Ðg m Û

( Í h l lf2d 3rz ) 7¤ COIlf lguration for thi s 19/2 - i somer as in the heavier ta msb isotopes[ IJ l . TTm Ì 71

1EeV 23/2 + i somer is expect ed to be a Trg m à Í ( h i If2 ) õ tim eµ Easipan icl e su te . For the 146 kev

tmIm u on , the Eü duced tmnsition pmbabil i ty COETesponding to the avemge half - l ife is B ( E2 ) = 2 . 7

W . U . Ò 1is suü " t8 th± the M 7 1 and 2325 lEeV level8 have a laEF E2 0Ved ap between thei r wave-
functions . So the 2325 keV level should com spond to the 19/ 2 î member d the TEg m Û Í ( h i la ) l0¤

mult iplet .
I t - s inteEüSting Ø poi nt Ø t that , in m sb the 15/ 2 - and 19/ 2 - isomem are the J m - l m m-

bers of 7t g m Û 5 ¤ and Ðg m Û 7 ¤ states - Eüspecti vely , whi le the 23/ 2 Õ isomer i s the J = J m - 2

member of the Ðg m Û 10 Õ mul tiplet . Simi lar l evel stm ctum have been obsew ed in Z z m d d-

pmton Bi im topes ÷ × neutmn number N ´ 126 [¨ 1 . Empiri cal shel l model cal culat ions m l l be per -

fomEed to undemtand this behavi or i n m sb .
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ª ª û Ã Ú ø Ã × § ½ ¨ , ¨ ý ¢ Sn(7U , d n) ´ ¦ × Î Ð ¿ Ë á Ð Ó Ë É û

Ä ß Ôý ¬ . ¨ ¢ Ë Ôý ï 23fÃ ¢¤ ¢ Ü Ø 26TYkeV Ä Ü ¶ · ï , ä Ð ü ¨ 21

õ Â y ¾ ¨ Í 14 ö Â Ü ¶ . Ú 1970,2110 Í é 71keV ¶ ð ö Ë 3 ö ¬ Ê ì Ü ¬ ,

À Æ Ë ü Ç Ä Ù ü ¶ § , ¢ ¨ é Ö ð ß Ð ðgm Í ( hurzsm) , Rgm Í ( hlm dm ) ,
Ðgm Í ( ± Im) ý ¼ £ Ó é ¬ . ù Ý Û Ê Ó ë EMSn Ë ¾ ¤ ¢ ¬ Ä Þ á Ö Û Ë É û Ä
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