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QUADRUPOLE COLLECTIVE EXCITATIONSIN MEDIUM HEAVY TRANSITIONAL NUCLEIWITHIN A SELFCONSISTENT APPROACHWITH SKYRME FORCES�L. Próhniaka, P. Quentinb;, D. Samsoenb, and J. LibertdaInstitute of Physis, Maria Curie-Skªodowska Universitypl. M. Curie-Skªodowskiej 1, 20�031 Lublin, PolandbCEN Bordeaux Gradignan, BP 120, 33175 Gradignan, FraneT Division, LANL, PB1663, Los Alamos, NM 87544 (USA)dIPN, 91406 Orsay, Frane(Reeived January 31, 2003)We present an attempt to desribe olletive quadrupole exitationsin medium heavy transitional nulei starting from HF-BCS approah withSkyrme SIII fores. The olletive dynamis is treated through the BohrHamiltonian with mass parameters and moments of inertia alulated mi-rosopially in the ranking approximation. Theoretial energy levels andB(E2) transition probabilities for 102Zr, 104Mo, 110Ru, 110Pd, 124Xe and126Ba nulei are ompared with experiment.PACS numbers: 21.10.Re, 21.60.Jz, 23.20.Lv, 27.60.+j1. IntrodutionIt is known that medium heavy nulei in the region A = 100�130, bothneutron rih and neutron de�ient ones, are interesting examples of tran-sitional,  soft nulei where the onept of a triaxial deformation is im-portant. Moreover reent experimental tehniques suh as in beam spe-trosopy allows us to analyze in muh detail the struture of low lying levels,f. e.g. [1, 2℄. Several theoretial approahes have been applied in studies ofolletive exitations in the disussed nulear region. Some of them employthe Bohr Hamiltonian however their presriptions for obtaining a poten-tial energy and inertial funtions are di�erent from ours. The energy andthe inertial funtions are parametrized in a ertain way (General Colletive� Presented at the XXXVII Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 3�10, 2002.(2461)



2462 L. Próhniak et al.(Frankfurt) Model [3℄) or are derived from a shemati interation (as inKumar�Baranger dynami deformation model [4℄) or from phenomenologi-al one partile Nilsson potential [5,6℄. Another alternative is the InteratingBoson Model [2℄ with all parameters �tted to experimental data.In this paper we aim at providing a full dynamial desription of thequadrupole modes in the disussed nulei. We also use the Bohr Hamiltonianbut we obtain the funtions whih enter the Hamiltonian from the e�etivenuleon�nuleon Skyrme interation. On the other hand, the possibility ofa oupling of the vibrational and rotational degrees of freedom di�ers ourapproah signi�antly from alulations applying the generator oordinatormethod (GCM) to the similar mirosopi fores in Ref. [7�9℄.The Bohr Hamiltonian is determined by seven funtions: the potentialenergy, three moments of inertia and three mass parameters. The methodused to obtain these funtions from self onsistent alulations is based onthe Adiabati Time Dependent Hartree Fok (Bogolyubov) approah [10�14℄. However going this route we make use of one further approximation:we neglet so alled Thouless�Valatin terms oming from the time-odd partof the density matrix. As a onsequene we get the Inglis�Belayev formulafor the moments of inertia and so alled M(Q) expression for the massparameters [14, 15℄:Bkj = ~22 �M�1(1)M(3)M�1(1)�kj ; (1)M(n);kj = X�;� h�jQkj�ih�jQj j�i(e� + e�)n (u�v� + u�v�)2 ; (2)where Qj are the omponents of the mass quadrupole operator.2. Details of the alulationsThe results presented below have been obtained using the Skyrme SIIIinteration and a seniority fore in the p�p hannel. Pairing strengths Gn;p =gn;p=(11 + fN;Zg) have been �tted separately for neutron rih and neutronde�ient nulei and are given below. TABLE IPairing strength parameters.gn [MeV℄ gp [MeV℄102Zr, 104Mo, 110Ru, 110Pd 17.1 16.5124Xe, 126Ba 18.0 17.5



Quadrupole Colletive Exitations in Medium Heavy Transitional. . . 2463Numerial alulations have been performed using the ode desribedin [16℄, ie employing the harmoni osillator eigenfuntions in the ylindrialoordinates. However the only symmetries imposed on the self onsistentsolutions are parity and signature thus allowing for triaxial shapes.The olletive �,  variables are de�ned as � os  = q0p�=5=Ahr2i,� sin = q2p3�=5=Ahr2i, where q0 and q2 are expetation values of the Q20and Q22 omponents of the quadrupole mass tensor.The potential energy, the mass parameters and the moments of iner-tia have been alulated on a regular mesh with a step equal to 0.05 (6Æ)along the � () diretion. The mesh ontains 144 points and overs the(0; 0:65) � (0Æ; 60Æ) sextant of the �;  plane. To get a HF+BCS solutionwith a given deformation we use linear onstraints on the omponents of thequadrupole mass tensor. Given the potential energy and mass parameters asthe funtions of the �,  variables the eigenproblem of the Bohr Hamiltonianis solved using the method presented in [5℄.3. Results3.1. Energy levelsThe �gures below (Figs. 1, 2, 3) show a omparison between experimen-tal [17℄ and alulated energy levels for the onsidered nulei. The levels aregrouped into g.s., quasi  and quasi � bands (most of the nulei are really soft, thus justifying the presene of the �quasi� pre�x). The general onlu-sion is that the theoretial spetra are strethed signi�antly as omparedwith experiment, however we should remember that our alulations do notontain any free parameter. Suh strething an be explained by too smallvalues of the inertial funtions entering the Bohr Hamiltonian, this pointwill be disussed brie�y in the last setion.
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Fig. 1. Experimental [17℄ and theoretial energy levels for 102Zr and 104Mo nulei.
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Fig. 2. Experimental [17℄ and theoretial energy levels for 110Ru and 110Pd nulei.
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Fig. 3. Experimental [17℄ and theoretial energy levels for 124Xe and 126Ba nulei.3.2. E2 transition probabilitiesThe eletromagneti E2 transitions give us important information on thenulear wavefuntions. In this subsetion we present a sample of the results,namely B(E2) probabilities for 2+1 ! g:s: transitions in the onsidered nuleiand transitions between low lying states in the 110Pd isotope. Here we alsodo not �t any parameters. Figure 4 shows quite a good agreement withexperiment, better than what was obtained for the energies.
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Fig. 4. Left panel: B(E2) probabilities for 2+1 ! g:s:; right panel: B(E2) transitionprobabilities in 110Pd nuleus. Experimental data taken from [17℄.4. ConlusionsResults of Setion 3 show that in the presented approah general fea-tures of quadrupole olletive exitations of the onsidered nulei an beunderstood assuming only the well established mirosopi nuleon�nuleoninteration. However the problem of too small mass parameters (too largeenergies) remains. Two di�erent soures of orretions yielding an inreaseof the mass parameters have been disussed reently. The �rst soure, har-ateristi for self onsistent alulations, are the Thouless�Valatin termsmentioned in the Introdution. Preliminary, rough estimates (f. [13,15,18℄)give the 10%-15% inrease of the mass parameters, whih leads to dereaseof the olletive energies of a signi�ant amount. The seond soure, pro-posed in [5,19℄, is the renormalization of the pairing gaps due to the ouplingwith the pairing degrees of freedom. The work on more extensive studies ofthese problems is in progress.Present work is supported in part by the Polish State Committee forSienti� Researh (KBN) grant No 2 P03B04119 and by the ConventionIN2P3 � Lab. Polonaises No 99�95.REFERENCES[1℄ J.C. Wang et al., Phys. Rev. C61, 044308 (2000).[2℄ V. Werner, H. Meise, I. Wiedenhover, A. Gade, P. von Brentano, Nul. Phys.A692, 451 (2001).[3℄ P. Petkov, A. Dewald, W. Andrejtshe�, Phys. Rev. C51, 2511 (1995).
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