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1. Boson model , 
Introduction of new degrees of freedom in the interacting boson 

model (IBM), other than the monopole s and quadrupole d ones, has 
been tried alread~ in the first papers on IBM. However in the last 
~ears it was realised that these degrees of freedom can be chosen 80 

that the U(3) subgroup and thus the rotational limit remain there. 
This has been achieved e.g. in the spdf boson model /1,2/, and in a 
unified IBM /3/, both developed algebraically only in the rotational 
limit. 

In l'J8(j two of us suggested an extension of tho IBM called 
interacting multi boson model (IMBM) /4,5/, showing that a definite 
simple choLco of the boson space presorveo not only the vibrutional 
and rotational limits, but other intermelliate limits as well. Thus it 
has beon demonntrated that IMRM conserves the baoic feature of IBM to 
give a simple and clear dOBcription of transit10nnl nuclei as well. 

It hne been ohown that Buch nn advnntflp;ooun bOBon choice cun bo 

achieved hy Lnc IudLng bosona b J of npnc e pnr1ty (_)J • one of 
ench muHipolarity J = (0), ,,(~), .... n-2 nnll/or 
J " l(0l~ ~(;,), .... n-l . In the firllt CIlDO we obt.s I n an Initial 
Uo( 1) ,:' ), ••• n-;' (n( n-1 )/;' ) p;roup; In t.he ''''''(Inc!, It 

1/1((l) •.~(.'), •• ,n-1 (cml)n/;» gr-oup; /I nd 1n hoth t,he c"non, n 

"O,l •... n-:'.n-l (nn) .;) 

( I ) 
(J0( I) • .'(:'» •••• n-::' (n(ll-I )/;,) I (J1(0) ,',(;'), ••• n-I ( (n, I )n/':') 

I';r·olll'. In I'nrt.lelll .. r , III, n, II wa olltuln 1,1111 "'LIcit lIollon modnl 
o I' ~ II '. I " 

Inll.11I1 I':r"o'lL> .. 11 ' ,', (H.) .I \I " (I.) I \I ' (10) ,Inoluding 1,1111 
() " I :'> 

111111 n I nd (J " (") IIn,1 I, lin I'f II ,. ( 10) In",hll ~rolll'n. 'rlllt 1';1'0111' 
o ' I ~ 

ntl~ll)tllr" or 11 ,. (I» In wnll known, nnd or " ' (Ill) It, hnn hft.n 
/4/

,1,,1'1.",".1 In " .. r'll'nnoll I 1.11 .. 1"""'11 11/1111111.0/11/1/1 /1,,,1 I.r'/lfilil 1,1'"1 "pol'n-­

I,orn It"".. I,,,on 111"0 1Ill. r'o,1 III' 0,1 "ho,'n, 

It 1111/1 1..... /1 "ltown rllr'l.h .. r 1,II/1t; /I ,,11111'10 I'f ,n"d"II""nlll,ordn/l. 

wltlt I.wo 1".,·ltlnGI.''''f\ InrI. In .....'11 "nn.. , nnll I',,"p:hl:t I'nl"'",ll1"C1 ',h.. 

Oh n l I . A; ... .....:r 
~ . I' ,: •. 



positive and negative parit~ yrast bands of actintde isotones in the 

vibrational, intermediate (transitional) and rotational cases /5/. 
In what follows we are going to apply the following simplified 

hamiltonians in the vibrational limit, either: 

"'3
h =	 £ (~; + ?~ + 3~)/3 + J37OJ7 (2 ) 

or: 

Al 112 "3
h =	 [(n3 + 2~ + 3I17)/3 + j33~l,~,3. (3 ) 

Both are corresponding to the group chains presented b~ the first 

lines of formulae (3) and (4) in reference /4/. The first term has 

been chosen to provide a smooth yrast line and to ensure a maximal 

degeneracy, and also in this way a maximal mixing of the pdf de­

grees of freedom, in order to look if it is allowed by experiment. 

Hamiltonian (2) gives the same yrast level energy for the same 
1 2	 - "2 

n + 2n • A small additional term in (2), e.g. J15W5 ,can make 
2lower n values advantageous. In the following, with (2) only, we 

shull substitute such a term b;y the condition: 2n2 ~ N _ n l - ~ 
2 lwhich is stronger than: n ~ If - n -n' tollowing from the total 

boson number rule (see the end of this section). Hamiltonian (3) 

glves moreover the same yrast level energy for the same linear com­
l 2	 lbination n + 2n + 3n3 of the p boson number n , d boson 

2 3number n and f boson number n . For corrections in the inter­

mediate limit we are going to use: 

h '=	 {3 ') wl,~,3'5.	 (4 ) 

'rhls 1n oOlTefJporulinp; to the group chaLna p!'eoontod Ily any of the 

ftrnt two 1In08 "f formulae 0) and lJI13 of tile three linee before the 

Ifllll, one of formullte (4) 1'1 raforeneo /4/ . 
.... I.	 At -, t

In our f"ronllne "r = n 'l!lll)l are t.he flrat an" aecond 
t, r "t

OJ'llAr Conlml!' opltr"torn or II (r-) , lAJ" 18 the ••cond order Caol­

mlr Opltrntor of ot.( r ) • TIro eml>ed4lnK of Lh. aul>p;rollpn In each 

r ha l n of fOrlllUlnft (4) III r,.forence 1/1/ to find the 1...1 Quantum 

n11mbern, and the CRnlml r o".. r'nl.o,· elgenYllluo. lit" n t (nll.ber.. of 
t L r 

t. hOllonn), )J , Id In I.erma of I.he.e '1lulnLu. Ilumll.. ra to flnd 
r r	 /4 'Sf

I.Il'l	 lovel enorl';len, he.,.. "e'lll IHanuneed before ' . 

(lne _,1<l11.10n_1 IliporLanl. po Lnt, for the -LIJll I<,"Lt"n of ll1lUI 1. re­

Int.e" t" the well known _" hoo rule lIooellte<1 I n 11'111 bhe Lotel boaon 

number H is equal to the valence nucleon (or hole) pair nUlllber H • 

It has been noticed /5/ that if such total boson nUlllber is accepted 

for the spdt model in actinides, one would miss the highest collec­

tive level spins observed. Dertations from that rule have been 

used /2,5/. But this can be understood if one remembers the shell 

model reasons in favour of that rule. In fact, to build nucleon pairs 

related to negative parity e.g. pf bosons, to the valence subsheU 

of a single parity 7t+ with M+ state pairs and N+ nucleon (or 

hole) pairs, one has to add a near subshell of opposite parity 

r. _ = - n+ with 11_ state pairs and H_ nucleon (or hole) pairs. 

H+ and H_ are accepted to be of the same nucleon or hole type, 

the type being chosen so that N+ + N_ :: M+ + M_ - N+ - H • This 

would result in a modified IMBM total spdf boson 

nO + n l + n2 + n3 = N number rule: • = H + If • The usual IBM 
+ ­

total b~son_numb!r rule, ~n our notation for comparison-!. is: It = N, 

where N =N+ + N_ and N+ = Min ( If+ ' 11+ - If+) • N is the 
valence nucleon (or hole) - pair - - - number, usually 

determined by the nucleon (or hole) pairs above (or below) the 

nearest proton and neutron magic numbers. A restriction on the pf 
lbOBon number: n + .,) ~ BI, where M = II- Min (M ,M ). has to 

+	 ­
be Imposed in cases II "'" N ,and on the d boson number: 

n? ~ N if d boaone are lUlllumed to follow the usual IRM behaviour. 

2.	 E!Ileriment
 
"l/L


The 'AAH1l130 level ucheme hilA been experimentally Atudied in 
/6-13/

fteverll~ ~blicBtlonB , wlth which alrelldy compAr11lons hllTe been 

IIAda /. , /. Now, rour 01' ua hllve relnvelltip;llted the lIIxr.itll" IItateo 
-'lfL 'lOll l~

of . flORIl vill the 'fVPb ( 60. 4n) reliction Ln Iln eJqlerlment Ilt 

thll tlln,lflm Ilcoelerlltor or fltrllllhourp; un I ng t.he 47t arrey IIUltl ­

,lflteotor "eno,1 "ChAtellu till Orilltlll" (Cl"{fttlll Cllntll!) /f)/. The 

nllw ftsllentl"lly IIlten"",1 lovel ""heme or "/I:~11 1" Ahnwn In t.he lert 

hlllld tlld" of f1KUre I . 

Jelt.lln,'"'' 'n:perlment,,1 d"tlliin wi 11 be 1':1von In n f"rl.hootlllnr; pa­

llor.	 Jlllrll Wfl mont lOTI thllt nilin 1l0elp;OIQ'lIItl1 wor'. ""L"hlll1hed from the 

mlll1llllrtld K.. mm.. rltY Ilnl"otroploll, Int.,""Ity h"lnnoll WIUI 1I,",d to 

(,trrnrnn\.1 .. t.o hnl.w"on MI rlJ'ld III L,'nn"ll.I"nll. Tho rrovlouol,)' 

known po,. Itt vo nwl nOK"t.I "" parIty "",ul. W""t! oonf 1rmed. IlJ1d ollt ..nde<l 
Ill! t.o 1" ~ 5l)~ lind 1'1 ~ 51- , A ,lIrrllrllllt. vltrnlon of tho /looond 

n	 I.I".. Il'H'lty bltlhl '" 11I'opono" In I.h. \If'llnnnli work, ThIn tHlnd in 

""	 rvn" up til 1 1, _ (;./,-) ,uul ollllll<wl,It" hy MJ lir"n,,' I,Ionn 1.0 

l,h"	 rl J'nl, nep;"tlvn pnd to,)' 111'"'1. AI. hl~h "w"H"l""" "n."KJ It l/. 

'1,	 :1 



\'ormn"t"d hy IH transitions to a possible second positive parity 

hllnd. 

:;0 the maf,n features of the new experimental results can be 

summarised as follows. 1) The level scheme is extended to much 

higher spins, and one can see that it preserves its collective 

vibrational type. The ground positive and negative parity n 1rast 

bands are hj'bridised into one for all spins I ~ 4 • One might say 

that this is the first pure caBe of hybrid1sation without signs of 

static deformations. 2) The most important feature of the new 

experiment is the discovery of peculiar side yrare bands with the 

same positive and negative space parities T<: as those of the gt'ound 

yrast bands, but with spins I decreased by one spin unit. This 

means that their levels have opposite spin parity (_)1 • These 

levels have almost the same energies E ,They are also ~bridised 

into one band. 

3. Interpretation 

Let us now app1j' the spdf boson model for the interpretation of 

the experiment "ith all these features, without aiming at a detailed 

fit. The modification of the total boson number rule discussed at 

the end of the first section will be used. Por our nucleus 

N+ ~ 3 + 2 ~ 5 • Indeed, its proton part for magic number 82 is 

N+ ~ (88 - 82)/2 = 3 . Its neutron psrt for magio number 126 is 

N+ = (130 - 126)/~ ,,? • Shell model reatJons Br8 consistent With th8 

choice N_ ~ M_ ~ 2 + 4 = 6 ,In fact, for protons the lower valence 

aubahe 11 has paritj' 7, + = - and is 2 f 7/;' + .~ P '//2 + •••• ,and 

the upper full aubaheL], of opposite par-Lby Ii _ = + c an be ASllumed 

to be 2 d ~/;> wi t.h th" proton part of N_ '" II_ .~ .. • Por noutrone 1l11e 

lowor valence subnhe l l haa pnrit;y .'Ii. + ,,+ lind ill 

;> p; 'I/:' + ~ d 'il? + I~ fl 1/;> + •••• ,and the upper ru 11 nubshe t I or 

oppoe t to pllrit;y " - - can be aBBUmftd to he ~ P I I:> + ? f 'J/;> 
with tho neutron part or N_ ,. M_ .. I•• Then the tol...l boaon numb.r 

,,111 he N ~ N+ + N_ ~ 11 ••1lit!t.!lId of the Ul'llll\11Y ncn.llt.G<I vlllonoe 

nuo l eon plltr numher N .. N. + I'l_ '" N+ .') ,Th. ronLrtotlnn on th. 

[>f honon nlJlDhar 1. nut nAlllIlIl'lllry hllre olnoe ror both nuo Leon hyp. 
, ,J ~ 

p"I'Le II ..,. N ,Ian<l on the d boaon nuabor t t i. n" ~ N ~ ') 

w. Goneld.. liha vlhr'nLionlll limit .nh Lh. "lmpl. ha.iltonh.n. (2) 

or (~). l..t II. Oh'I(I.1l hoth tholr per_ot.re t.o flt tho 10,,0.t and 

hlrlt.llt IIpln parh or 1.11. yra.t Jj .. + band, obta:l1liN for .(2) 

f .. ')f\') kllV an<l 1"/ - ~.JI ke'l, or for n) f .. ')7') k.'1 And
 

1\\ ~ O,','It. k.'1. All th. thr.e.'••• lnlnKblUullll yrllllt ')0 ~ -,
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yr'.. r .. 1, ~ t un' I yr'.. r·ft ."/1 - 1l1'11 nllt.nlnn,l nut,nmnl.l<"tJlly rop I • 4. 

I"nl' tho r'omntnlnp, levtdn I II. "no' In fll,~t rOl' tht') 1- Iftvtll 'lnly, 

w" hnvft tn nO('ollt /l t,r'/tIII"tlofl t.o t.he Intl'l'mtt,!Iut,l'I l l ml t., 'r,,," til IW" 

t.ur-a l .. Lno e uur nuo l eun , '''''~(H',lllll': to ,'"ful'mul,loll uYfll,flmntln,!, nllolll,l 

hit !."'Ulllltl''''''1 III I.l.u I':I'OUfll' n t n t,.. ,~() with '1l1ll.n" nmn l l <)lIn'1I"1­

polo ,Infol'rn,,!.tnn. (In til .. "th'H' h"l1<l t.t,ft y,.,,,,1. nl.lIl."" hnvft nplnn 

I· n' ,an" t ~n" wtlld'III.H'nll"llll,rll"tllll,,,r,.11 I,h.. 1"'''''11 ""(.111"1' 

'D"mar";n. 'I'htn mll':'''' dtltll.,'o,Y 1,11" .... 1""·11"'1,1"11 "I. "II "'\"","'I"p;ly low 

1',1r hOllon Jlllmhftr' II' , rI' 'n\ N II" 0/' "l"'" ' -" 
II. mlll.ht, I... ",'lllDv ..,l ""~p;o loy ",1,11,,1'. (II) moll""II ..,l hy 1.1, .. "I,lIp 

:-, 



function e(l-n) to (2) or (3) after multiplying their first terms 
t'l ~ A "1 ..... 2 /\!; ;... -"0 e

by 1 - ~(l-n) ,where n = n + n + n = N - n , (x) = 0 if 

x < 0, B (x) = 1 if x ~ 0 • In order to introduce no new parame­

ter, we conserve the 2+ level position to get fl 
5 

= 97.5 keY with 

(2) and J3 = 96.5 keY with (3). Thus we obtain the levels I<4 too.
5
 

The result for (2) with (4) is shown in the right hand side of
 ")figure 1 to be compared with the experiment in its left hand side. 

Another presentation of the comparison of theory with experiment, .}
showing directly the hybridised yrast and yrare lines, can be seen in 

figure 2. Its normalised X value: 

x = [~. (Ei - E~ )2 /(k - 2)J 1/2	 (5 ) 
i-I	 _ 

providing a measure for the deviation of the individual theoretical 

Et from experimental Be level energy, k being the number of 

compared levels, is ~ = 80.67 (66.87) keV With all the levels in 

figures 1,2 included and k = 45 (respectively with dashed-line 

levels in figure 1 as well as the additional three levels in figure 

2 excluded and k =~9 ). The result for (3) with (4) is not shown 

since it is rather similar to the previous one. Its normalised X 
value is .Y 91.44 (89.21) keto So we can say that there is no3 

essential difference in accuracy between both results, the first one 
being slightly better. 

One can see that all tbe features ot the experiment mentioned in 

the previous section are described, and the level soheme itJJolf til 

r-epr-oduced; The peeultarll;j'lS of the model 11110"1ng to Il.ohtnvn t;he 

,lencr1pt10n of the correepond1ng featurea of the experiment are aa 

followo. 1) Tho 8mootb viorational bJbridised ground )l'oot I1ne 

'l+, c;-, s", '1-, ..•• 1e due to t.be firat ter.ot (2) or C~). 'l'be 

same result will be obtained even without d bo.ons (n2• u) due 

to the r"t10 3 or oc t upo l e ( to d Lpo l e ['/3 boaon para.etern. 

The collectiv1t, or the leve1n up to Ii llp1n h1Kber thlUl the doub l ad 

"pin 1l110w.d b) IBM 10 unde r-e t.ood by the modifled iM8M t.otlil boson 

Durnil/II' ru I .. (t.he lind or t.he firat. "eetlon). .') The ewistenoe or th.. 

II', L'-, i s", 14-, •••• lIide 1rAre Hne or leTeh With almont tbe 

nllme enerKlnn "s tholle ot th" I?', I ~-, 1'1', 1':>-, •••• ground) rAnt. 

lin.. , tn o"ao (.') tf n" ~ 0 0[' 1n cane (,) 1 r n' II /\JIlt 

n~ • min, 111 tlU. t.o the vento,' A(141t.lon of II IUId t hofton lUlKUlllr 

mlll••nliN not, only 1.0 ,nll.llOnl vIlluell .11 fop th. y[' •• t 11ne, but AIIiO t.o 

IInwl111l1 vNlu,," 1011111" OIl" fOl' Lhe ypllp. line. l.ot II" not.!n. thAt th" 'I 
I .."t v"lunn ,10 "01. "1'1"'''[' wll.lI unli I,yl'. or 1I0l1onlS Oldy. tlo t.l11I 1.,,11 

Table 1 

Numbers: n l of p bosons, n 2 of d bosons, and r? 
of f bosons in the vibrational 2~~a130 yrast (yt) and yrare

2 
(ye) 

states (the latter as they appear for hamiltonian (2) with n = 0 ) 

of parity Ti = + or - and spin I. For each I}'[, above: hamilto­
3nian (2) values, below: hamiltonian (3) values. Below n changes 

1from min to max With step 1 and n + 2n2	 changes simultaneously 
l 2from max to min with step -3. For fixed n + 2n above and below 

2	 l n changes with step 1 and n changes simultaneously with step -2 

in limits determined by n1 
5 11 - rP and n

2 
$- 5 -

l+2n2l+2n2 3 I n l +2 n2 ~ 
yt ye 

I n ~I n n
yt yeyt ye 

4 611 00 0 22+ 21+ 11­0+ 
13-1 ;-7 

1 0 

11-2 0-30-0 0-0 

5 69 112+ 11+ 23- 22­C 11-2 4-7 

2 0 

12-0 0-41-1 0-0 

10 1 3 724+ 23+13- 12­2+ 12-0 4-8 

8 ? 

13-1 0-42-2 0-0 
4 73 0 ;,5- 24­14+ 13+3­ 10-1 5-8 

4 0 

14-2 0-43-0 0-1 
2 8') 2 26+ 25+I~+ 15- 14­ 11-2 5-8 

7 3 

15-0 0-54-1 0-1 
83'27- 26­16+ 15+5- 5 0 

9-0 6-9 

f; 0 

16-1 0-55-2 0-1 
1 98 3(i+ 28+ ;'7+IT 16­ 10-1 6-9 

6 

14-2 1-'76-0 0-2 
Il 2 9'I 0 2<)- ?S­7­ 18' 17+ 8-2 7-g 

II 0 

1',-0 1.s.,7-1 o-? 
0 10'I1')- H1- II 

~O+II' ;l __t) 6-ll 8-10 

- q () 

1',-1fI-;' 0-:' 

1 10" .~ 1- ~()-:'Of 11)+ 'j

IJ
II~_, ' ;. --i l 4-1 9-10'')-0 o-~ 

10 ~;)+ ­ -;')- ;)(l-
I, " 1()+ II 

"'-I) ~ -'I	 :'-? 10-11110-1 ()-~ 

- 0 11 
~.~ O_ll 11-11 

or 10.... 1' nl<1o 1"'Il' I nplnn. ellnepl. t'lf' ...pftrlmnnI.1I1 ,11rt1cu11.1,," t.o po­

pulllt.1I t.h..m. mil) hft du .. t.o Uill fll"l. tllll!. III tho "bovn mOlllLon",' eAII,," 
1.111111' ut; .. t..", ,""Il.IlLn II holton IlT'f1tlomlllllnl, conflp;lll,,,t,!.Ollo. whArAIl" 

(',"nl""tt,1 or h"nIH' ('IHlflf';1IT',,!.lonl1 "1'I'nlll' lit, ''1''"/1 1I1v,lInr t.hnn uhuul. 

1/', "r 1.11 .. mllxlIDIII .'n.. ' II .... 1.11" nnwl, IIn"I,IolI lin" t.nb l e 1. 

III t.hl n nWI'",'lrnnlll. th.",,, III /In /1.,.,11'\00'.1 (10)' I ..v"l. not 

"1I,,wlI III fll1:1l1'" I, n 111.1.10 1>11, Ii IF;!'"'' I.hlln ti," .yrll"l. IOf Igl It 

"0,,1,1 I,.. n 11o"hln y"lIl"" 1nvnl 1,0 t,li" ,yrllnl. ].'f w11.11 1,lIn 1I1Ip;lllnr 

II 



momentum decreased not by one, but by two spin units. Levels o~ that 
type are also predicted in the model. 

4. Dipole octupole correlations 

In table 1 we present all spdt boson configurations allowed by 
3our fits. For the fit with hamiltonian (2) only fixed n values 

(above IN) are allowed. Por the fit with ha.mi.ltonian (3) all the 
3n values between a minimal first one and a maximal second one 

1 2(below In)	 are allowed. Both for (2) and (3) all the n and n
values, obeying the relation nl + 2n2 =constant ,for (3) limited 

l 2b;y n ~ 11 - ~ and n ~ 5 , are allowed. Everywhere 
nO = 11 _ nl - n2 _ n3 • Thus the f boson number n3 is fixed 

for fit (2), but limited to an interval for fit (3) with maximal 
width 5 bosons at intermediate spins. The competition between d 

2	 lbosons with number n and p bosons with number n is not 
cleared up b;y the ahove mentioned, n2 maxilllllm extending from 0 to 5 
bosons, nJ ~rom 0 to 11 bosons, both at intermediate spins. 

This means that the pdf boson hllJUiltonian can be constructed 
in such ways that it fits the level energies with almost the same 
accuracy, but predicts different pdf bOBon participation in the 
stqtes in the limits shown in table 1. Even without the table i\, in 
clear that anyone p or d or ~ hoson type description is im­
pnaa Lbl e nince it wIll mt an mrm;t olmervod Leve Ls , Prom the two bonon 

typen, pd wlt.hout f bouonn nhould bo rejected Ainco it will mino 
tho levels wlth npLns I ',» N + N ., 1(,. d~ in nourEll" to the Cll\8BI­
en1 edt model wi t.h up \'0 one f bouon at low Apin and more f bo­
~<>nn lit. hl!,:h	 "pin, hu l. wi t.hou t, p hononn I t, nllou],1 be reJ.,ct,e,' <1"" 

Lo; I) I nc k	 of t.h" 1- low nn',rg;y lovel, ?) nec onu Lt.y of ~ ho­

ROlin III tlut rotl\l;\onlll 1IIIIIt ohflorve<'l in ",I.\II,·ent uo t t n t den /./; 
rnorOOV6rl ~) It p;lvan no nn 1.11 1'" I 6xplnnnl,lon o( t.he Illlowo,1 0" 1101. 

(lllo.,," 1\1<16 ;tr"l'" 16VI'll,,_ 4) mlln,y '''v6In will <11 •• PI'0IlI· (01' hrun Ll 

t.on t nn e'). pf will 8x!'lllln 1111 1':'-'''1T,,1 ,y,-",,1. h"lI<l 1,..,.,111 ",,,1 tn " 

nil I. 'Il'"1 w",y I,ll .. "llnw"d or nol. III I "Wft,1 "1,1,, h/ln" l evn l r ,11,wUI.\I'I/:1(1 III. 

1;110 ""d of 1.11" pl'flVlll"" ,,,,,'I.IIIni hu t. wILII"'11. I' hOnOnrl nt. "II II. 

wIll ml"n nom .. IIr I.hu "h"",'v,,,l ~:,' ...1. IIIW 111'111 IIn<1 III Itl. 1I1(,;h /11'111 

I.,'''111111.1 o nn , 
'1'111111 nIl tll"o" p,lf 1""""1 1,,yl'nl1 1\I'ct " ..""IIliUI',y. 'ro .,xplllin 1.11" 

,tllowft" 01' not. ,tll"w",1 111,1 .. ,y,' .. "., h"",1 loYnl", Lh.. I,· (lonflff,lu'uLlo"H 
,,110111,1 bit IIftftl' t.o 1.1,0,," wlt,1I I.wo "f bo.,'tli l.,ypO" , 'l'bI .. IIO"U" t.hn t. 

I,ll" I.f hllllon 1""-I.\(·II',,t.1 lin I" n,aJAnL I" I, 1>11<1 l,h"L tho It hon,1I1 

pl'I,'Llnlp/lLI<>" ,.II~II\, I'" '·<>llJot,ln .."ld,Y 1<>w..., 1.1111\1 l'I'"vlolll'Il.Y "';0"[01,...,. 

II 

e.g.	 in numerical calculations with eight parameters /2/. Then the 
l 2 3hypothesis n ~ max, max - 2 , n .z 0, 1, n ~ hamiltonian (2) 

fixed value (above I:T{ in table 1) is the best one to account for 
spin I intervals in which the side yrare band levels are allowed 
or possibly not. At the Barne time it permits the observed tranBitions 

3to exist (see below). It will mean that the f boson number n 
(octupole correlations) will be near to 0 at low spin I and 
increase from 0 at spin I =N = 11 up to N = 11 at spin

2I =3N =33. The d boson number n (quadrupole correlations) 
will remain oscillating at a low level, most probablY 0 - 1. The 

1	 . 
P boson number n (dipole correlations) will increase from 0 

at spin I = 0 up to 9 - 11 at spin I = B = 11 BDd decrease to 

o at spin I = 3N = 33 • 
2Let us point out that our :AI , n ,rP values in the cases of 

table 1, 1.nc1ud.1ng the best choice mentioned abo_, will permit the 
obserTed Bl • 111 ,~ tranaitione to exist nth the already 
introduoed lowest order ~l , Till ,rfB2 transition operators /",

IU 
e:mept ~or III I ~ I-I transitio:As, first order T being 
sutricient rOT 7(_)1 =even, but possibly having to be 
completed by	 a .econd order term ~or 7«_)1 ~ odd: 

Ttfl "L 1II1rbj+bj11 + IL.. 1 rb2+bO+[Vb~ 2 + [b3+b1~ 2 b2b~P. (6) 
j 

l 
,,1 j~ J -u,l,2,3L	 J 

W. Bhould pay att.ntion that the hamiltonians (2) or (3) with the 
oorr.ctlon (4) are too .implifi.d to aocount for all the detailB. 
Burely, one .hould inolude a boson interaotion able to explain: 
1) a Bmooth transition from the Yibrational to the intermediate 
limit at low.ot spin, 2) ._11 1...1 en.er~ dertationa ~rom expe­
~i"Dt to theor~ ohown in figure 1. 3) .oaroe data on Bl , Ml , B2 

transltion ~at.s. 

In oODO~on, tbe point about ••••nti.l partioipation of both the 
p and f bo.on. i. in our opinion .uffioient to be viewed llS 

e.ld.no. fo~	 the .xl.t.no. ot oo.bin.d dipole oo\'upole oorrelations 
In DUO 1.1. I\, nupl'0["t. the _I.n id•• of IMR. to include Il definite 
oombin.tioll of n.glltive peritJ and o<1d epin hOBnnB, in !.hiB CllBe 

l' aDd t bosone. 

" 



References 

1.	 Engel J., Iachell0 F. Phys.Rev.Lett •• 1985, v. 54, p •. 1126. 
2.	 Engel J., Iachell0 F. Nucl.Phys., 1987. v. A472, p. 61. 
3.	 Daley H.J. J.Phys. G: Nucl.Phys., 1986, V. 12, p. L51. 
4.	 Nadjakov ";.G., Mikhailov IoN. JINR. E4-86-510, Dubna, 1986; 

J.Phys. G: Nucl.Phys., 1987, v. 13, p. 1221. 
5.	 Nadjakov E.G., Mikhai10v I.N. JINR. E4-87-366, Dubna, 1987; 

~3B. All CCCP cep.W~3., 1988. T. 52, c. Ill. 
6.	 Femandez-Nie110 J., Puchta H., Riess r., Trautmann VI. 

Hucl.Phys., 1982, v. A391, p. 221. 
7.	 Gai M., Ennis J.F., Ruscev M., Schloemer E.C., Shivakumar B., 

Sterbenz S.M., Tsoupas H. t Bromley D.A. Pays.Rev.Lett., 
1983, v ; 51, p. 646. 

8.	 Gono Y., Kohno T., Sugawara M., Tshikawa Y., l!'uku.da M. 

Nucl.Phys., 1986, v. A459, p. 427. 
9.	 ~Yche M., Brian~on Ch., Cheval11er A., Cheval11er J., Dudek J., 

Fernandez-Niel10 J., Mittag Ch., Ruchowska S., Schulz N., 
Sens J.C., Vanin V. Nuclear Conference, ~r~onne, 1188; 
CRN/PN 88/-08, Strashourg, 1988. 

tlO(H.lv8<1 hy Puhl1/1hllljl) llolln('L'lftnt 

un JulJ ;"0, l'lrtll. 

III 

MHxaHnOB H.H., Ha~aKoB E.r., E4-88-543 
AHW M., 6pHaHcoH W., Wyn4 H., BaHeH B. 

ll""nonbHble ox rvnone aue KoppenA~HI-1 e 6030HHO~ MOJwm1 
H AeMoHcTpa~HA ""X cy~ecTBoBaHHA B AApax 

MOAeIlb MHOrJ.1X B3aHMoAea:1cTsyIOlqVlX 6030HOB /MMB6/, BBeAeHHaA paHee, B ee 
cnY4ae spdf 6030HOD, npHMCHeHa K HOBOMy 3KcnepHMeHTy 1'10 8H6pa~J.10HHoMY AAPY 
2~88 Ra 130 • Fioxaaaao , lHO OHa OnJ,1CblsaCT CC1CCTeeHHblM 06pa30M J npJ.1 CYUleCTeeH­


HOM Y4aCT/.-1"" pf GtJ30HUB, Kdl< u<.HOAHblC a pa c IIO.nOCbI nonoxa rensuoa J.1 or oaua­


TellbHOv. 4CTHOCT/.1, 1aK J.1 CBOt:OOPd:iHbIC a pape nonocu 0AJ.1H8KOBoi71 npOCTp8HCTBeH­


HOH " J.1 06paTHOH cn""HOBOH (-) I ~eTHOCTH. TaKJ.1M 06pa30M 3TOT 3KcnepHMeHT
 

C ero 6030HHOH J.1HTepnpeTa~'...eH MOllHiU p8CCMaTpJ.1BaTb KaK AeMOHCTp8~""1O CYUleCTBO­


BaHI-1.f1 KOM6""HHPOB8HHblX A""no.nbHblx ox'rynone aux Koppellfl~J.1H B snpax ,
 

Pa60Ta B~nonHeHa B 1/ na6opaTopHH TeopeTH4ecKoH $H3HKH OHRH, 2/ CRN, 
CTpac6ypr H 3/ CSNSM, Opce, $paH4HR. 

Ilpenpaar 061>8,llHHeHHOrO HHCTHTYTB lIJl8pHblX Hccnei\OB8HHH. )lyGHB 1988 

Mlkh.,ll(lv I.N .• Nodjakov [.G .• E~-88-5~3 

I\lellt' M.• Brlt'Hl'Joll Ch., S( hull N" V'lnlll V. 

Olpol(· (h ILlpolt" fUllt'I"llorn. In .1 Dn'lOII Modrot 
1111d f vl de-ru « 10'" Lhe l r Lxl v t ertc e In Nue 1(-1 

thf'l l n t e-rm II.HI mull I bo cou rTK..HJI."I IIMBMI l n t r oduc ed ea, l Le r , ill It~, 

"pdf IlIu,on ("".... I ... nppllc'fl 10 I' Ilt~W rkl't',lnu'nl 011 IIlf' v l hrat lono l IIlI( 1"11'" 
l'IM" Rl' ~In . II I'~ ",howll til d(lllll( I Ilu:'! In ~ 11,,1111"1 w~y, wIth t he ('''j',(·nll ..,l 
PI~'" II Ipnl l ou (If pt hO,",IlIlf:t.. holh t he qrouud yrntllt hnrHI. willi po .. lt l ve- .1IId 
1If'l)lItlvt:' p".lly, <tnt! III(' IIV'tIIIAr e l d•• yl,",,!".' "llIld~ w l th t he- '.i1l11f' "pl1tt' 

Mild t)PPl)~ltf' 'pili ()I ""rlty. \0 t bl e (~l(pf',I,"f'I"t IcuJl"llwl- w l th II' bo-ron 
l n t or jn e t o t It ut 'lUI h,· Vlf_1WtHI ~u e v l deru r flH t he- tlxlttlt'lll(C~ 01 c omh l ut-d 

elll'lll ... (If 1lipoic. (ofll·l"t l"lllll I" 111111,.1 

Ilu~ 111\f,··.tlq.,IIIHI ,,~. ht'l"'11 pnlllllllle~t1 "I III ... 1/ L"IHII •• lory (111111-"01"1'11­
till l'lly.lfb, JINfl, II (ltN. \1 •• ,11011141 ~Ilil ~.I I~N\M, nl~"Yj 1,.11Itr. 

"ro ••rl"l, .. f the J .. I"t 1".tlL,,'" fm Nud•• r n....."'h 11"10,,. 1111111 
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