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IS THE COLLECTIVE IBM SPACE EXHAUSTED ONLYBY THE VALENCE SHELL?�A.D. Efimov, A.A. Pasternak, D.N. DoinikovCylotron Laboratory, A.F.Io�e Physial Tehnial Institute, RussiaV.M. MikhajlovPhysial Institute of St.-Petersburg State University, Russiaand J. SrebrnyInstitute of Experimental Physis, Warsaw University, Warsaw Poland(Reeived Marh 12, 2001)Interpretation of the B(E2) values at energies higher than the �rstbakbending indiates that the maximum boson of IBM has to inreasewith energy and spin.PACS numbers: 21.60.Ev, 23.20�g, 27.60.+j1. IntrodutionDuring the last quarter of the 20th entury the Interating Boson Model(IBM) has beome one of the most frequently used theoretial approahesto desription of low energy olletive states in atomi nulei. It is aused inpartiular by the possibility of IBM to study vibrational, rotational and tran-sitional nulei employing the same Hamiltonian with parameters smoothlyhanging along isotope or isobar hains.As well known, in IBM1, where neutron and proton bosons are not dis-tinguished the Hamiltonian and T (E2)-operator an be written in two forms.The �rst one [1℄ inludes operator of salar (s) and quadrupole (d) bosons.The seond representation [2℄, unitary equivalent to the �rst one, uses square� Invited talk presented at the High Spin Physis 2001 NATO Advaned ResearhWorkshop, dediated to the memory of Zdzisªaw Szyma«ski, Warsaw, Poland,February 6�10, 2001. (2591)



2592 A.D. Efimovroots instead of s-boson operators d+s ! d+p
 � n̂d. We write out hereonly T (E2)T�(E2) = e�(d+s+ s+d+ �d+d)(2)�= e0(d+r1� n̂d
 +r1� n̂d
 d+ �0d+d)(2)� ;where 
 is the maximum boson number. The �niteness of the boson numberis the postulate of IBM whih is grounded on the supposition that eah d-boson is a boson image of a quadrupole nuleon pair oupying levels of thevalene shell in a given nuleus. Therefore the d-boson number an notexeed the half of the number of valene nuleons or holes (
st).It is worthwhile to stress that in IBM the standard hoie of 
, 
st, isnot a result of some general priniples. However, if in forming the olletivespae take part states of adjaent shells, then 
 an be taken higher and itsvalue may be varied depending on energy and spin of states under onsid-eration. Thus 
 an be regarded as one more parameter of the model andits empirial determination is of interest as it an display what part of thefermion spae is overed by the olletive spae. This question was investi-gated for deformed nulei in Ref. [3℄. Here we disuss the hoie of 
 mainlyin transitional nulei.2. 
 dependene of energies and B(E2) valuesThe lowest eigen values of IBM Hamiltonian are rather weakly sensitiveto the hoie of 
. In fat, in the SU5 limit the ideal osillator spetrum(E = "nd) is independent of 
 at all. Analogously in the SU(3) limit thelow energy spetrum is purely rotational E = I(I + 1)=2J , I is the angu-lar momentum, and depends on the only parameter, the moment of inertia.The grounds of the �- and -bands depends on 
 expliitly. Neverthelessa variation of 
 an be ompensated by a orresponding variation of theHamiltonian parameters and e�etive harge. In more general ase the 
independene of wave funtions and eigen values is onserved if the expeta-tion value of nd does not signi�antly exeed the value I=2. The terminationof the olletive energy spetrum at I = 2
, that is a strong predition ofIBM, annot be really veri�ed as this state lies so high in energy that itannot be separated from other high spin levels reated by two- and four-quasipartiles.More evident information onerning 
 is given by the B(E2) values fortransitions along the yrast band. IBM predit that B(E2) vs I maximum atI � 
 and then begins to diminish. This predition is realized in all limitsof IBM that drastially distinguishes IBM from geometri models.



Is the Colletive IBM Spae Exhausted Only by the Valene Shell? 2593Thus, one of the ways for empirial determination of 
 ould onsistin studying the yrast B(E2)'s. Then that value of I at whih B(E2) ismaximum ould be taken as an estimation for 
. There exist several nulei,e.g. 74Se [4℄, where suh maximum is rather learly pronouned at I � 
st.Nevertheless diminishing B(E2) after some value of I does not deter-mine 
 unambiguously sine the rossing of olletive and high spin two-quasipartile bands an also lead to attenuation of B(E2). First suh be-haviour of B(E2) was onsidered in Ref. [5℄, where the band rossing wasonsidered by using the known diret mehanism of the quasipartile-phononinteration [6℄. However, there exist exhange mehanisms of the quasiparti-le-phonon interation [7℄ whih inrease the mixing and simultaneouslyB(E2) values in the rossing region. Nevertheless, all onsidered ways ofmixing result in dereasing B(E2), and they annot explain inreasing B(E2)after I > 
st. Therefore examples of the growth of B(E2) after I = 
st fortransitional and deformed nulei 100Mo [8℄, 128Xe [9℄ and 156Gd testify tothat the rule 
 = 
st has to be revised. The B(E2) values for 128Xe and156Gd are ompared with IBM alulations in Fig. 1 for 
st and 
 > 
st.
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I, levelFig. 1. (a) The omparison of experimental B(E2) values in 128Xe [9℄ with IBM al-ulations: dashed and solid lines orrespond to 
=
st=6 and 
=26, respetively.(b) The experimental B(E2) values in 156Gd in omparison with IBM alulationswith 
=
st=12 (dashed line) and in the SU3 limit with 
=30 (solid line).3. Bandrossing and inreasing B(E2) values in 120Xe and 118TeSpetra of many Te, Xe, Ba, Ce nulei possess some ommon featuresthat expliitly indiate the interation between the olletive quadrupolemode and the high-spin two-quasipartile exitations involving h11=2 quasi-partiles. This interation leads to a fragmentation of the olletivity overseveral high-spin states. In Ref. [7℄ level struture of nulei in this massregion were analyzed with a version of IBFM in whih a possible shape



2594 A.D. Efimovinstability was taken into aount by means of variations of olletive oper-ator parameters. With inreasing energy and spin the struture of the ol-letive quadrupole exitations an hange. The exitation of high spin two-quasipartile pairs intensi�es this hange, narrowing the olletive spae andbringing in additional variations in the mean �eld and pairing. Phenomeno-logially we take these alterations into aount by using di�erent sets of IBMparameters in boson images of operators. However, we perform detailedmirosopi onsiderations of the interation between olletive quadrupolephonons. The phonon struture and their energies are alulated in theframework of RPA.The omparison of the theoretial and experimental energy spetra for120Xe was presented in Ref. [10℄. For the yrast states, I � 10+, the olletiveomponents prevail (� 60%). On the ontrary, the states with I�14 are builton 10+�(h11=2)2 exitations. The 12+ state is transitional: s-, d- olletiveand two-quasipartile omponents are uniformly mixed. To explain the ex-perimental observations B(E2) presented in Fig. 2(a) we suppose that themaximum boson number of IBM an depend on the energy and struture ofthe exited states. The best desription of B(E2) is attained by using in thepurely olletive omponents of the wave funtion the value of 
 = 
st� 2and in the omponents inluding two-quasipartile pairs 
qp+1 = 
st+10.This approximation espeially appropriate for high-spin states indiates thatthe maximum boson number of IBM may inrease with energy and spin.The B(E2)-values of 118Te measured in the work [14℄ give us the uniquepossibility to analyze E2 transition probabilities in the olletive band abovethe band rossing. Usually in this spin region we deal only with transitionsbetween states involving two-quasipartile pairs. Our alulations in theframework of IBFM reprodue quite reasonably the energy spetrum of 118Teup to 7 MeV, however the employment of the standard IBM E2 operatorleads to too small B(E2) values in omparison with experimental ones. Sinethe IBM attenuation begins to work when nd exeeds � 
=2 for explanationof the experimental B(E2) values shown in Fig. 2(b), we are fored to hoose
 larger than 
st: 
 = 
st + 10 and 
qp + 1 = 
st + 10.4. ConlusionIn the present work we interpret the experimental data on E2-transitionssupposing that the boson number 
 an inrease with exitation energy andspin that gives evidene of extension of the olletive spae outside the va-lene shell. The �rst reason for suh extension is ompliated struture of theolletive quadrupole phonon, a fermion ounterpart of the d-boson of IBM,omprising exitations inside a valene shell and high energy partile-holepairs whih may essentially ontribute to the many boson wave funtion.The seond reason onsists in the mutual in�uene of the quadrupole ex-
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118Te Ground State Band

 Fig. 2. (a) The experimental B(E2) values for transitions along the yrast bandin 120Xe. Calulations are performed with 
 = 
qp + 1 = 
st (dashed line �Th-1) and 
 = 
st � 2, 
qp + 1 = 
st + 10 (solid line � Th-2). 
 and 
qpare the maximum boson numbers in purely olletive states and in those with aquasipartile pair, respetively, and 
st is the standard IBM value determined bythe half of the valene nuleon or hole number. (b) The omparison of experimentalB(E2) values in the ground state band in 118Te with alulations at di�erent valuesof 
: 
 = 
qp + 1 = 
st (dashed line � Th-1) and 
 = 
qp + 1 = 
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