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L ow-L ying Spect r a and E2 I r ansi t ion Rates i n Even-even
Ce I sotopes in the I nter act i ng Boson Bf odel Ç
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A b¸ ' " T lze pÄ iuv e pari t y Þ lleet i ve statÊ in tb e ev 6 1¤evÉ 12û 150Ce iSotopÄ are studied m th

fmm ew ork d t lze h t¥ , cÉ û b± m m d el . A E h e zzauc H mØ lmn ian abte m dÄ æ be thd r × ecm

and £ ¿ Ä t ig z is m d . I t is fotmd t hat boö th e light and 13É vy evÄ Ce i¶ Ê PÄ am in the tr azzsA-
6Á 1 fzØ E th e v ibra6 Á 1al l im i t Ø the m tat ig 1Ed l izØ t . F IØ I1 144Ce on w ar d , the isotopes ® e near ly

pg feet m tm3 .

Etey wï É ê Ø ú , elect zu nsm et ic UØ Øit ioh po± ve PE i ty low -lyiTû col lect ive su te

1 Inbwduction

M om than w Ä ty ym rs 880 , A r ima and Iachello put fÞ vad the intg act ing boson
model ( B M ) . In the B M , valence nucleon pairs azü m ated × bosom - I t is a very effect ive
pha Eomenologiml model for descr ibing low -iying Þ ileet ive pmperdÊ of nuclei acm· m en-

ti re major shell - For thm nuclei in the x enon-M m -cer ium mm zç ion , the exci tat ion
spect m of the Xe Be m d m ,134Ce m eld w¿ appmximated by the dynmm@l symmetry O ( 6 )
of the B M -1[1ú 1, which is analogous to the ga m a-unstable mtor model . I t has been m ¤
Ä ntly shown[6¤7] that Þ e cm d× × i be the low-lying structure of Xe and Ba motopÊ by the

tram idon fmm U ( 5 ) Ø SU ( 3 ) . T his mim the intemsting qu· t ion w hether Ce isotopes

cm also k dÊ cribed by U ( 5) Ø SU ( 3 ) t ransi t ion . M m nw hi le for the nuclei in the Ê r im 1¤

neodyzÄ mn ÷ × mm numbers amund 150 region , it is found that N d iSotopÊ E e h the
tr ana t ion fmm the vibmtiom l limi t m the mtational limi t [û 11] , and fmm m N d onwar d , the
iSotopÊ am near ly perfect m tOZTS[10] . In th is study , we alm check if Ce im topÊ w ith mam

nLm bem am uzzd 150 Á n also k dÊ cr ibed by a Eansi tion fmm U (5 ) Ø SU (3 ) .

Ç 1e st ruetum d thÊ e iSotopÊ is stud ed m the fram ework of the inte act ing b" £n m -
del , the IBM -L w hg e m dist inction is made betWÜ n neuuu n bom n and prot on bÊ ons. As
has been showed[8] , this simple B M ¤¤1 givÊ a v® y good appmxhm uon to the symmetd c

stam of the nem un-pmton interact ing bom model . U sual ly the low- iyi rzg k vels m domi -

nant iy the sé IUIBa ric smtÊ ¤ Systm 1atiÊ h impor tant in the study of the pmpe t iÊ of
nuclei[12- 14] . W e analymd the systa m d Á of the spä m and electm m gnet ic transit ions of

the even Ce iSotopÊ in this work . R EEd y it was found from this work that the Ce iSotopÊ
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oouId be welHl d× × ibed W a U ( 5 ) zo SU ( 3 ) tzm a tLm1¤
T K paper is a vidd m foUows. A f ter this sha t inm duct iÞ , w e da a ibe brief ly the

model Hamil tonian and the E2 transit ion opg atm m sect 2 . In sect 3 , we give the zÄ LIl ts

and discussion Þ specm m m d E2 t ransi t ion pmpu t iÊ ¤ FInally , in sect 4 , a Þ nCILL-ion is

gwg 1.

Schematic IBM

The general IBM HmØltOman Þ ntaim 7 tg Ins. However , for Þ r study , we take the
following schgI1atic Etamil-onimz[151.

FE = ä ä + KQ ¤ Q + K LL ¤ L ,
where QÌ = ( s+ a + d + s)2 + Ö( r a x ,

m d L q = A bM a r , Ö = - q

T Im Had m an is able to give a tm sition hm U (5) Ø SU (3) , ¤ ed= 0 , tlzg z the

H am i l tonian m ducm to m S U ( 3 ) li m i t H am i l ton ian . I f k = 0 , th e H a n i l tOm an beÞ m Ê a

U ( 5 ) l im i t , descri b ing th e v ibrat ional Þ ll eet ive m ot ion . K L ( L ¤L ) t g m rg n ovÊ som e d

the d¦ eIEer acy for di f fÔ É1t L val uÊ ¤ T h a Ê om t he r at io of k j ed is a m easum of t he t rÔ1si -

t ion betw een U ( 5 ) and S U ( 3 ) . I f k k d = 0 , t he H am Jl ton ian is v i bra t ional , an d i f t h is m -

t io is Þ , t he H am il tÞ im is m tat iona1. I n betw een , th e H am il ton im is in t he t r ansi t ion k -

t w eet1 U ( 5 ) m d S U ( 3 ) . Ç 1e pem m et m m th e H ami l ton ian can k det ® m i nd by f i t t ing to
t he ex p® im g u al spect m . Af t er t he det m n inat ion of t h e spect r a , t he w ave h m ct ion is det er -

m m ed . T h e elect d c an d m ag net ic tr ansi t ion pm per t iÊ Á n t hen be ob taiEí d acÞ r dingl y . For

exam ple , t he E2 t ana t ion opem tor is
T ( E 2 ) : = e2[ ( s+ a + d + s ) ; + Ö( d + a ) ; ]

M i Á u sÞ p im l l y , t he t aEmi t ioa opem to r Á n k dd ved fm m shel l m odel by t he m apping pr -

ocedur e[1û 191. I n pm ct ± , i t is m om COIl vg 1iÊ 1t to u m t the n m f ree pu mn et em . H em w e

adop t ed th e com isten t Q - Q Fo rm al im [´ 1. A s is h ew , t h is Þ nven t ion is Þ t m m en t i al

m oui r m Em t of t he BE del , an d som et im × , i t is even necÊ sar y to use a di f f er en t Q ope aØ r
i n E t m siHon ed c1d at ion to dÄ d ibe th e m tr am t ions[21.n ] , for ex m ple , t he st n Id un for

neu u o n-r ich and neu u u 1¤dea d a u Sr nuclei l2· ® , IIeu t m n-r ich Cd nuclei [26] , m d neu tEWE-

def i cient m d neuu u n-Et ch N d nuclei [10¤11] . N ot iceab ly , t h e m duct ion m Þ ll eet iv i t y prob ia B

can be solved b y uS EIg m oper ator in the tr ansi t ion di f f em I t fm m t hat in t he H am i -

KOElim [2ù " ] . H ow ever h m any cases , t he Þ EIsi stm t Q - Q Fom 1al i g n Á n give a gÞ d f iz3t

dÊ cr ipt ion of t he m m nSi d on pm per t iÊ ¤ Since then an few ex per i m en tal data avai lab le ,

w e adopt t h e oond st en t Q - Q Form al ig n m a f i r st p lace . w h en th a ¬ an mom ex per im m tal

data on the n t r m si t ion m th e fu t um , one m 1 f ine u m e t he E 2 t ran si t ion opem tors to r e-

pm duce t he detai ls.

3 R esul t and D iscEm ion

In table L we give the parÊEd en of the H amiltonian

m each nud etB studied . Fmm table 1 , the valuÊ for ä ,
stant - For ed in the lighter even Ce iØ topes, wi th the exoept ion of 130Ch the vd ue inCTeasö

a zd of the E2 t mzsi t ion ope amr
k , K L , and e2 are rather Þ n -
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with iEId easirª mass nmnber , unti l 13se e-

with inCTeasiIª mass ntm ber . But for k , K L and e2 m the lighter w en Ce hotop² , thÊ e
val ues decr ease w i t h inCTeasi Il g m &qs num ber unt i l 136Ce an d 138Ce . In t he heav ier evm Ce

isot opes , t hÄ e va112Ê incm ase w i t h in d easi ng m m num ber - I t m f1ä ts t he t anSi d on cham e-

ter of t he dy nam im i sym m et r ies in w en Ce mot op es .

M eI F­ -Eh , d a zw h« ¤ ¤MB(Ä ) éØ, tz hr O MÃô ¤
NudeÄ ä (Mev) K(MeVµ KL(Mev) e2(dd )
mce 0.205 - 0.Þ50 0.0190 15.8
130Ce 0.422 - 0.0140 0 0175 14.5
2ø e o.392 ¤ - 0.0123 0.01" 16.2
'"ce 0.4Þ - 0." ' 0 0.01Ê 15.0
136ce 0.5Ø - 0.Þ25 0.0175 5.Þ
138Ce 0.724 4 .Þ44 0 0160 13.3
ÐCe 0.Ø - oØ 50 0 01Ø , 131 .
I44Ce 0.295 - 0.Ø50 0.0150 13 8
14®ce ª 0.m - 0.Þ50 0.0150 14.2
2¤ce 0.165 - 0.0050 0.0125 17.6
ú Ce 0.090 - 0.Þ50 0.OIm 16.a

I W e2 0 Ô' Ä Ä d B´Ä µvæ æMEh EØû .
H¡ è 4¤ Ii If EEqMezb a} Cd{dh a}
Ö 3e ® ZJ @t r- 4366 43½

4J H ¨ , 2t 7240 ?m6f H 1 5590 842A
8f 6f ´ 5320 ¹ 10
10J sf 5130 8640

130Ce 2f ot 34µ 3650
4f 2: - 55¶ 5530
6f 4: 3590 61́
® 6f µ4570 6140Ence 21¤ of 3790 3390
É 2: 3½0 5390
6f H 5® 6050
8f 6f 2670 6040
10̧ 8f 1750 5540 -

134Ce 2f l ot mØ ´ 45
136Ce 2f ot µ2.2 161

4f 2J 330 3G4
6t 4f µ0.2 456
10J ® 7 4m

amch 2t of 92 v « .7
10f 8J 0.4 88

EGCe 2J Of 920 930
4 2f 11Ø 14Ø
2t 2f µ5 1440
22 2f 310 1
24 0t 140 0"®ce x of 18Ø 1Ñ

±Ce 2f of 3950 3m
zmb ¤ , 22 0f 5580 5680

£« P& NP) Ú 24íï í ë Ë ï í

I n t he heav ier ev en Ce im topes , Åd val ue deer Ä sm
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U ¾ZªZ theÜ PE m Ø ü , we d a date the g ï gy levels aM B ( Ä ) valm ( ratm ) fa
each nucleus- T he u m er im s betw eÄ caiculatd m d ü per im¥ tal m ergy levels and
B ( Ä ) vd ud F 36] for ab 150Ce am stmwn m FÛ . 1 - 6 an d table 2 , m R ct iveiy . In gene -
al , the Þ Ø zm zt E qØ te good , ¿ ed all y fcz the g u md é te h nd levels w ith r ¶ 8 + , de

spi te som discmpaneiÊ ¤ In gm era1, the l ightg evm Ce iâ OPÊ ÊEhØi t stag ger iEIg in the

gm uzza bm d . Ef Owev® , the staa germg phenÁnezmn in ü lculat ion is suunger than that in
eµ e inm t . T he ag Ä Em t betW¹ E the Á Iculatd and e´ e inm tad data m y be impzoved
by the tä d cubic ta m [271 in E M --1 and the quaÀ upole inte act ion betwm I l ike EELSClg µ
ns[3, -41] m B M -2 .

3 . 1 Ò' 4" £

T he calctdated spectm and ÊEpz ima 1tal specm an m npan d in FIgs. 1- 3 . T he a m w
m cm h d five nm ld an mpm dud fair ly wd 1. T he ym t statg r ,4 ¡ ,ó ,8 Õ and m -

011d 2 + ô te m in Em or im m zm m tions, al th e z the yrÛ ô × s m l it tle btt m

stretchd . Ç Ee tw£ phonon statÄ am slightly spl it M m ew , which may k m derstÞ d by
mm ns of a s nai l azÉ m mmc m m in the vibration . T he pm m 1ed ttm e ptm m statÊ , bÒw-
ev® , tmve a mud laz¬e m a gy splitt i Ë , w ith the exß pt iÞ £f 130Ce, wÃ11 the highÊ t aM

low Ä t statÄ wi thin a nu ll t iPIet sevm l htnÍ Í s of k V apg t . I t is dif f icul t to e zvisÔ e m d

a lMge g m ¬ y spl i t tiØ ç ² used by anham m l ieda alone.
tB¤¤vt {­ vi
" l " '

| h Ø l h Ø l h " l ¤¤ "
" | L i " ! » | É É

q¨ |' » ! L fv- ®-.. | '» ' -
l t ,L - eL- u t ' - - l ,¢- .¤- -

M i F » ' ¹ ! , ¹ , ¹ ! þ ' ¹ ! ' L H ' »
l l I ­ - - - e - l t - F AJ v» É;Æ 1È-eL V»Ï= uI í í |- sÜ J - L|, - i k l³ ¹ u J L ! ' -4» ¹ » » |-̧ ) ²- t
l ®» É ¤ ' ² - t . É » Ò . . . ¤ ¤- - l , L - v - -
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" l ,' » '÷þ 1¤t - V» " } ' » » - l ' t- v »
E ² '" E Ô,» ' Û 3. ¤ ZMCh
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¤¤ B¤¤- - - ' ý¤- 4¤ZEE ' É. - ¤¤ p ¤ - - -
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FEe - 1 ä ä m fg B2- Ce a d 130Ce. FH

T he low ê i n stats of th e l igh te evÄ Ce im U¤ Ê

are in t a Ä t ing for W E al m m om - In the char t of nu -

cl idÊ the lç h t evÄ Ce im tä Ä an b m ted in a R r t £f
the A ~ 130 reg Þ w bÄ tb e m d d m ay a m Ø b m a

z ana t io n path Ø stm 38 ly quadn zpole defom ed shapÄ

w i th a zzu ¨ û i d t mx ial i t y than in m m and h r i tm

nueld - W e m n m n the b w m n spä t m of th e lç h ter

evÄ Ce isot£pÊ w i t h th e µ ecm of t h e neigh ­ r irª X e

m d Ba im topÊ . Ç 1e m ain feat uzï £f t he ¿ ectr L the
oÞ u zrg E e d a quag -gmzu zza bm d , an qtd te g m i lar -

In depa À m t l y d µ × × C EZ± el , th is m ×l E i ty pzo vÄ

th e Þ ll eet i ve char act er of t h e low - ly i zzg levels in t h Ê e

mAci d - H ow ever - the staa er izzg d t he levels in th e
quasi -gam m M EEd Ê m ud z le s pzu m m cd in t he W Et -
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er evg z Ce im tµ Ê thm m the xg m 1 and M Ittmz nuclei . T his indim Ê a st IWIger t imdal r i -
gidi ty . I t is also in ta Ä t izl g Ø m te that in 136Ch them is a back bending in the grotmd state

bm d , which nØ ybe a candidate of the Þ lleet ive beckbendiEEg mechazuz n put forw ar d in
Rd a].
3.2 2, - mc e

The q lculu d µ ecm and expm mental × ecm an m zp en d m FIg.4 . In both nud ei ,
the qual ity of agmgnm t betwegI thmry
and e × ®iEYBa ud data is g md. The 6;

E' " | E' " and 3J statÊ bm m e tÞ high azzd the
¨ » ¢ | =¹ Ì 0; ² vÊibly tÞ low for m Q . TK o;

~ ,þ z¹ r - F L e» | ÈJ» ..- P Ã " state h nÄ td m m intrude su m- For
É - ¤¤- É - ¤¤- U = ~ L » - ½´ª , wefindttm lculatd enggiô £f

L . t h e Z a n d O J m v e r y s n a i l e t h a nt ¤- - l f - 2 -

L . . t h Ø e d t h e a p ® m m z t a 1 2 2 a ZBd o ;
V - - eÉ- - P ¤ - ¤

' ² l ¤¤c. statm . As a Þ nmque zß , they an Þ n¤

sidemd in truder statÊ also- Both nucleiFª -4 ¶ ä m fcz 12¤ce md tace. mYE VibmtiÁzd . ÓEis is dm m se in our

{ ¹ Ä
4.¤ p

l ­ ' " l E' "

3.Ó ,.- l
1 4 t sL-vú =Ô - R -É | 2¤J» '-

2Ú 4¤¤- at l -
l - v , » , ¤.. . . l ' ¤ - . -
l » - ' - - ô ¢ - - - -

L ¤ h - 2 ¤ l a' F ' - . ¤ - - 1 ' - - 2 ¤¤ -

£. v - ¤¤- r .

l ' ² , .. "

Fª -4 ä ä m b tmc e mEd '4Sc e-

calcu ladOn by t he zü lat ivel y laz¬ e ed value.

3 . 3 " û ' " c e

1E e a lculatd m cm and e3× É na ztal ¿ ä m an Ø nm z̈ d m Fª . 5 and FUg- 6 .
T hem is m informat ion for the side bands in m c e. T he pm m t Á lcul at ion givm very gÞ d

repmduct ion d the F und-state band - Ò 1e quasi-beta an d quasi-ga m a are ream Eably well
n pmdtEd . h m z-dculaL the hi® e Æ zz statg m the g u IZBd su te band up t0 10 + an well
Ó pm dm ed for the 14û 14Sc e- In Ám paztm n w ith 12¤.242Ce, the Åd valug in w - 150Ce have a

big dmp T his makm 14û lmc e cl´ Ô Ø the mu tional limi t . Fmm l" Ce Þ ward , the ip

topm an nð iy pd ect m tom -

~

£ .a

~

4¤¤E'

, . - s-
' +- - ¤

¤¤É ,

, . - -
.¤- -

Fª -5 ¿ e ua fEZ t44CeaMd " Ce.

In addi tion , to e´ iom the m m m mi pzµ e des m the Ce imtopg , we and ya d the
systg zzat ic of the µ ä m and d ecUØ22Ø net ic trmzSt ion pzW E t iÊ ¤ Ç zey an givÄ in T able
3 , whØÉ the rat icÚ R = E ( 2; ) / E ( 2; ) , R ® = E ( 4: ) / E ( 2J ) , R m = E ( 6: ) /E ( 2: ) ,

R I = B ( ¦ Ð ú 2: ) j B ( B sZ ú OJ ) , ¸ = B ( B 4 4 0; ) / B ( m zZ ú 2: ) m g vg z.

Ú 24íß ð " í ë £ÆP & NP)Ë ï í
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I t is obvioØ thaf the R reflects vibrator to a stable deformed char ad e in the evÄ Ce ip

topÊ ¤ Similar m ul ts are found for R 4l2 and R m vd ues-

Td ú 3 c m , , ú m d É e mpe bzm Ù Ô,d ØI¶ latd vd us fe um " £ .

R R4JZ RÄ R1 Rz

N² µ tLS E­ Cd EJ@ aCai EJ× CaI FJÕ Cd Eë C®
a ce 2.1 2.9 2 9 2; - 1 " 5.7 1." 1¤" 0.150

22¤ce 33 1 × , 2.7 2 6 5.2 4.9 1.Ø 1.52 0.Ø
tac e 23 2.s 2.6 2.7 4.7 1 2 0.94 1 39 0.150
134Ce 23 1.¤ 2.5 2.3 4¢5 4.1 2-34 0.153
136Ce 1 9 1 8 2 3 2 3 4.e 37 ´ 150 20 1 0.030
12¤ce 1.9 1 9 2 3 22 2.9 3.5 1 61 0.Þ 1
142Ce 2.4 1¤' 1.9 2.1 3.4 1.2L6 1.57 0.Þ 3
144Ce 3.8 ¤4 24 2.$ 2,, , 4.0 1 63 0.010
146Ce 4.9 5.@ 2.6 2.6 45 4.s 1.64 0.040
148Ce 6.2 5.6 2 8 2 9 5.3 5.7 1 61 0.140
1" ce 3.3 3 2 3.3 6.3 6.9 1.39 0.300

BesidÊ the m a w levels , we are alm intem ted ´ the elä tmmÔ Ø ic pm pert m ot c e
imØ peg, part icular ly in the electzt c E trm Sidon - T able 2 azzd T able 3 give the m IIperigon
betw een calculated and m× ® imm tal B ( E2 ) val126 8zzd rati cs for the thme lkn it irØ symme-

t ries m d the nuclei . RÊ ul ts obtained m the psÄ Ä t work mÉEm good aa reÊBent w i th ü '

perimem . T his mf leets a tmn a t ion fzu n U (5 ) Ø SU ( 3) .

4 Conclusion

W e have given , m d m m t ic way , a detai led study of the eneE¬y levels m d E2 transi -

ti0110f G m qm in ¤ BM-1. A good agm m t isobm md for boö ¤ spätm mdk
m transi t ion . T he evm Ce motopes am in the vibrational tO IOtadonal transit ion . Fzw zU « Ce

onw ard , the specm am well dÊ cr ibed by the SU ( 3 ) h i t . I t is rg nar ltable proper t ies of
th e evm Ce iSotopÊ ¤ M om data in future exper img u , Ø ped ally B ( E2 ) vd ues, w i ll k im -

portm1t in ver if ying our £011clm ion -

Ç e atdhors are grmtiy hzddbM Ø Pmf . G. L .
this tuorh and h is ma ny suggest ions .
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