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Descr ipt ion of Stagger ing Phenomenon
of the Super defor med Bands

in SUq(2 ) SYHElmetEÃ å
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A M ô ¾ T h e s­ Ø a Ü° kÇ « p¶ »hzØe Øm zó m d tí }hùEêe ç¶ pô Ǿ d d Þm EØ bÕ.ÉzÉ 1³Ýä GØ d ( 1 ) ,J EË. GØ d ("Ø6́ ) a n d E- E u

(Ø1Ô ) Ê mm Ø i é d w¡ i tÉh a þ lA' (Ø2ô ) Em£ ¥ ôô zØd -Ð -»

bô ï À iÊs d Ä Ø pF Üµ ad 4Êy . t h - k d a ² ÈE b d m Ä » m d A 1 = 4 Ê , g g m a t w t ² t t ± ¿ » × " d h Ä n

a × , m ze zt .

EEe y w Ø É , u m d e f m n d b m d s , m g Ø µ p t ze u m m z . S U , ( 2 ) ' " Ø Ø ¢

l I n t n Ma u c t i o n1

Sina the pha u na m h own ¿ A I = 4 bi fmÄ t ioh cz stÔ gm Eç is obm w ed m th
w as t supÉ defom ed ( Ü ) band d 24' Gd[1} , the study d su a ge ing p}Ç Ç Ç m has bzotd zt
many phyg d st ' s atm m z. A lmF qum dw of e¤ Ä nm tal and thm m id ef f´ has bm

a õ nded in the study of A I = 4 bth nÄ 6Þ ¤ o z ttBe m pm nm ztd g de[21, vg y few a m pta

d stagg® ing have beÄ idg zt if id - I TEØ ret iÁ l m du vom have yielded a mm be of pzupØ d
e¿ 1811at ions- An intui ti ve e Õ lanadon of this spä if ic fm tun is the pEÄ ence d a new G
synm eE y in s HamiltonianUU or m othe woØ , the pzØ Ø « of Y44 dd orznation m s

nuclem . On the othe hand , I N . M i ld1ai iov et d - M at t ibuted the A I = 4 MfmØ tiÞ to a

typiØ i Þ ileet ive model including two quan tized quan ti t iü , the az® llE Ezxmza tLIEn and ttE
K elvin d zw la6on am m atd w ith m inE ing c m ifa m v® t id nm ion - Y - SU N et d . [51PRP

± d a F ma bil ity of A I = 4 bi fum uon fm E a gzW e two beZEd m uun nm the m st line
t111011gh the usual two - body shell model intemct ion - M OEØ V® , the A I = 4 bi f® Ä tion may
d m appÊ r m the U ( 5 ) limi t d the sdg inte acd zhg k ö m nmdelM] . In th is pep® , the SUq

( 2 µ sym met id thm w ² tm d m azzd yze the a ù gE izzg pha m na m 1 which Á n give £ut a
excel1Ê1t descript ion .

2 A n al ysts of s ta g w tn g m emo-E, enon M SU - ( 2 ) SYEBEm a -y

I t is well known that the Hamil tonian of the m tator is of the following tw e
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u bomsoay , NatmzA Sd, ee FomzÄÄ n d h ú ² md Educ¤60n Camz­ttee Fomú úm d M M

vd -7A , N£.2

Feb . , 2000

" É d N± g R es - d la À m Hmw Eon k eek -m NatmEd
dtBeam n Cam É tee Fotm² thon d Anhud
181- 184



182

( 1)

+ L o( L o+ 1) , L ² ti ze op-

erator d az® liar nmmmtum and L Á= Lz ¿ iL , , L o= L z am the Ám pÞ Ä ts of L . Thm

operatom satisfy the standad Þ nmmtation mladÞ s for the gmg atom of SU (2)

w tEÉü C2 ¹ the Casimir

[ L o , L ÷] = ¿ L ¿, [ L + L - ] = 2L o¤ (2)

The × eetnaE1d the Hamiltonian ( 1) is g vg zby the e° ØwaltzÄ i ( l + 1) d the Casimir op-

eratou where t = 0 , 1, 2 , ­ . Tt¤ ¿ gm¢ atom L + , L - , L o Á n be mapped Ø the 2 Á 2

fundmzEgEtal red imtion with a peir d indepeEdent b¶ on ope amrs:

1L += d a2, L - z d a1, L o = Ô ( a; a1 - d a2) = Ô (N 1 - N z) , ( 3)

whem [ Ã , a; ] = 86 wiÉ ail other brackets vanishing.

While the Eô IEik onian of a q - zotator ã £f the followizzg

(4)

whm q is tk Caamir operaô d SU, (2) , q = J ZZ J J + + Je(Jo+ 1) . Thm gm Ä ¤

Øm L , Ï , Jo satisfy the Þ m m tatiÞ mlada m d s q (2)

[Jo , J ¿] = À J ¿, [J +, J - ] = [ 2Jel (5)

The q - nmnbers

[ z ] = ó - ´ a (6)
q - q

m givm m Öuam brackets. Ó1m specEtm of tfze Ham im ian (4) Ê givm by the e« enval-

m [ j ] [ j + 1] of tlm c m zÀ opm m d s q (2) , when j = 0 , 1, 2 , ­ . Thm gmz atom

L , Ï , Jo Á n alm be mappd Ø the 2 x 2 fundamm tal rÄ iiZatiÞ with a m ir d indepen-

dent q - deformed bÞ n op®ators:

J += b; b2, J - = b; b1, (7)
wbm btbJ = [ N t + 1] , bj' bt = [ NJ or bb J - d 1bJbd= qNd.

To a sm Ä Ú th the synmEÀy d SU (2) azzd the bm k d SU (2) [ i . e. SU, ( 2Â ,

the Hamiltonian can k writtm
C, Cq

= ¹ + - L , ( 8 )

U r Ï

with the defini tiÞ

/ I N i l / t Ns + 1]b ; = J ­ Ô ; , b - J O - 1 , 2 ) . ( 9 )
Ê 4 4 - ë J I V a + 1 a e , -

It Ê õ sy m v®¤y

[ C2, q ] = 0. ( 20)

In the ® aÊ d bmic vä tom | IM µ, we have obta nd the eigenvaluÄ d Hamil tonian (8)

ß Ü ï í ë Ë ï í Ú ?A í

H=æ,
d SIJ(´ , Czz U =L- L+op® ator e

[ 7 ]
t y p e

H=¥ ,



E ´ I U O

W ith q = eir

z z m [ M m [ ( I + l k ]
E ( I ) = a I ( I + 1 ) + b I ( I + 1 ) + C ¤ z , ( 1 2 )

a n Ó
the seÞ nd te m is a Ø cillat itl g Em dif im t ion - w lza 1 Ó= 0 , Fon n111a ( 12 ) is chaEª ed two -

pemmet® exprm ion d Bohr - M Ottelm n : E ( I ) = aI ( I + 1) + bI Z( I + 1)2, w hich is m -

cessful in desd u ng normal deformed bax² Howevï ¤, it m zmt exptain the staggerina phF

nomenon m ® ged in s bands- FOAmnula ( 12 ) can k m ed Ø m alm the stam ed ù propen y
of SD bands- In Od er Ø Í it , we mlculate the dif fÔÉ1Ê oi four - ordg for 149Gd ( 1) ,

14æd ( 6 ) m d 14t u( 1) by the formula, w hich h pmÏ ± by B . c edm alt -]

8 4 E y ( I ) = 1 [ E ( I - 4 ) - 4 E y ( I - 2 ) + 6 E y ( I ) - 4 E y ( I + 2 ) + E y ( I + 4 ¶ ,

1 6 7

( 13 )

hem r E y( I ) ­ ozdy ca med by the third tm n d Fa mula ( U ) .

¤¤M O

Fª .2.
­ Ú ­ º ¢ - 0 -´ -1.

I , =28, c z 0.©" , r z 0.74.

ù ¨ Ñ È :½Î ä ø Stsg g izØ Öó Ä sq (2) è ö

) - I ( I + 1) + [ f ] ² I + 1]- 2F Ï

Fª . 1.
­ Ú ­ EB@$- b ´ d .

Io=26, cz 0.111, r a O.- 0.

Fû .3.
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1. 2 25. cz 0.071. r z 0.81.
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T he expe izm m l vaim d st J I ) am also extmeted frg n the oh w ed s m m t ion
g 1e g Ä for 14æd ( 1) , 14æ d( 6 ) and 1¢ u( 1) . T he m ui ts m givg z m F ig . 1. - 3 .

Ç 1e calm lat ina bifuEÄ tion of A I = 4 is agmg I18 1t h excellm t wi th that of a Etrad ed

fzm exper ima zt . WIzen a m m t I o is clm ¥ , deviation is v® l i t t le. T o the 14æd ( 1) , I o is

m ig zd Ê 25 . 5 . For 148Eu( 1) , I o is as igned Ê 26 × 1d for 14æd ( 6 ) , I o Ê amie Ed Ø 28 .

A ll d the n give the least deviadons betW¹ E thÉ Ôt ied d culat ion m d expd mm tal Ä ergy

spect zw Þ py . 11×s shows that it Á n alm be m ed to determine the spin of ha d of SD bends-

By using mu tiom l × ect m Þ pe a × m a Þ w iÉ the SEl f (2 ) symzm try , the stag z izzg

phÊm ng p n of superdefom md bm ds mn k mpmduced wi th a Þ n ª Ct I o¤ I t shows that t he

bred t of SU ( 2 ) m y k one of the Á uses w hich pmdum A I = 4 bi fum uon -

RefeE¬nee

Ftlibom S, Anü , , H R, M I G C et d . ptEé . Rev. M t . , 1993, 712429û 4 3m
senp te A T , Nota P J, FOE- , s A a d . Phys. Rev. Lett . , 1996, 7613671- 3674

E² nmm eo I , Mou dm zB. PFes- M t . , 1994 , Bn a z294- 297

Mikh ib v I N, Quam p . PPes- Rev. la tt . , 1995, 7413336- 3339

SUN S, E ô NG J Y , Gú ú y M. phys. ReÃ. M t . , 1995, 75:1995- 1998

LIU Y X , Ö JN H Z, 2 4AO E G.Com mm . TTEem- PPos. , (BeijÖ , Á ú ± , 19¶ , r F:71- 75

Rw ch v P P, Rotú ev R P, s m mv Yu F. J. Fhy- - 19" , G164 137- ¿ 141

Cede wan B, Jam e- R V F, BÔÉ mm M J et SI . m ys- Rev. La t . , 1994 , 722315¤ - 3153

1:

2

3

4

5

6
71

8

ù ¨ Ñ 1.2 ì ¨ Â 1

1(² Õó § ï í µ Ï E 23Ø39)
2(Ðú Æ§ ¼õ ó § ü ú ï í ® á E

SUq(2) ª ¯ × « ½ Ö ö Ë m Gd( 1) ,m Gd(6) Í 148Eu( 1) ¬ Î ä ø

± ¡ ñ Ï Ê Ä ø ø Ôþ , Æã Ä AI = 4 Ä Ö í Í µ ñ á ¡

Ä á û ª Ë Ø Ç Ï , í ÷ q Î ä ò í Ç ú ú ­ Ó Ë ¬ Î ä ø staaged rç Ö ó Ä

ª ª û Ã
Ä staggeriEl g Ö ó £

­ ò ® » £

¬ Î ä ø ,st88gd ù Ö ó ,SEA (2)Ô ÆÔØü Ê

1999- 06- 25Õå
® ú « Ô» ÆÊ ù ð ( 19677102 Í 1¶ 75044) ,± © E º ç Ó Ô ² ú Ø Â µ ö Ò ù ð ,¼ Ý Ø ë Ó Ó â ' ú Å ¯

é Ò ­ Ó £ í Û Ð ¿ Ð Ä ù ð ,² Õ ¡ Ô» Æ§ ù ð Í ² Õ ¡ ô Ñ ù ð Ê ú î ¿ £

ß Ü ï í ë Ë ï í Ú 24í

Ä SEIq(2) è öä ø stagger i ng

î ¼Ï 2

m m 7)


