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COLLECTIVE QUADRUPOLE EXCITATIONS INEVEN�EVEN Ru ISOTOPES� ��K. Zaj¡, L. Próhniak, K. PomorskiInstitute of Physis, Maria Curie-Skªodowska Universitypl. M. Curie-Skªodowskiej 1, 20�031 Lublin, PolandS.G. Rohozi«ski and J. SrebrnyDepartment of Physis, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Reeived January 13, 1999)Quadrupole exitations in Ru isotopes are desribed within mirosopiapproah inluding the e�et od pairing dynamis. The observed olletiveenergies and transition probabilities of 104;112Ru are reprodued in the al-ulation ontaining no free parameters.PACS numbers: 21.60.Ev, 23.20.�g, 27.60.+jColletive properties of even-even neutron-rih Ru isotopes have beenreently investigated and disussed [1, 2℄. However, the models applied upto now to study the role of the  deformation in this nulear region madeuse of parameters �tted to the data [3℄. The aim of this work is to desribeolletive exitations in Ru isotopes in the frame of a mirosopi approahontaining no free parameters [4℄ and to show that inluding the e�et ofpairing vibrations we are able to reprodue the experimental data.Our alulations are based on the mirosopially derived Hamiltonian ofthe generalized Bohr olletive model [5�7℄ expressed in terms of the intrinsivariables � and  (parametrizing the nulear shape) and the Euler anglesdenoted in short as 
 :ĤBohr = T̂vib(�; ) + T̂rot(�; ;
) + Voll(�; ) : (1)� Presented at the XXXIII Zakopane Shool of Physis, Zakopane, Poland, September1�9, 1998.�� The work was supported in part by KBN, Projet no. 2 P03B 068 13.(765)



766 K. Zaj¡ et al.The vibrational T̂vib and rotational T̂rot kineti energy operators depend onthe set of inertial funtions of intrinsi variables: mass parameters B��,B� , B and moments of inertia Jk; (k = 1; 2; 3). All these funtionsas well as the olletive potential Voll an be determined mirosopiallyassuming that the nuleus is a system of nuleons moving in a deformed mean�eld and interating through state-independent pairing fores. We appliedhere known [4,6℄ ranking formulas and the standard Nilsson single-partilepotential [8℄. The olletive potential was evaluated within marosopi-mirosopi Strutinsky method [4℄.Within this approah one an desribe quadrupole exitations in all typesof nulei but, as is known for a long time, energies yielded by the model arein general of about 50% too large with respet to the experimental data(see Fig. 2). The disrepany is onneted with a strong in�uene of pairingorrelations on olletive qadrupole degrees of freedom [4,7℄. In onsequene,the gap parameter � should not be arti�ially �xed at its equilibrium point(found from the BCS equations) but it rather takes the role of a olletivevariable too.For a given number of partiles N (protons or neutrons) the Hamiltonianof olletive pairing vibrations takes the form [9, 10℄:Ĥpair = � ~22pg(�) ��� pg(�)B��(�) ��� + Vpair(�) : (2)The pairing mass funtion B��, the metri tensor determinant g and theolletive pairing potential Vpair an be evaluated mirosopially at eahdeformation point aording to the formulas given in Ref. [10℄ (see Fig. 1).It should be mentioned that we apply the approximate projetion of theBCS wave funtion on the orret partile number [11℄. All alulations aremade with the standard pairing strength G = g0N�2=3, where g0 = 0:26 ~!0and N means the number of protons or neutrons [4, 12℄.Solving the eigenproblem of Eq. (2) we an �nd the the ground state-funtion 	0(�) and the most probable value of the pairing gap �0 (whihorresponds to the maximum of the funtion g(�)j	0(�)j2). Usually themost probable gap is shifted towards smaller � values from the equilibriumpoint as it is exempli�ed in Fig. 1. On average the ratio of �0 to theequilibrium gap value is of about 0:7.This general behaviour of the pairing vibrational ground-state funtionis due to the rapid inrease of the inertial funtion B�� and it allows usto approximate the omplete "quadrupole + pairing" olletive Hamiltonian(di�ult to solve beause of nine degrees of freedom) by the expressionĤoll = Ĥ0Bohr(�; ;
;�p0;�n0 ) + Ĥpair: (3)
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Fig. 1. Pairing vibrations for neutrons in 104Ru at deformation � = 0:2;  = 20Æ.The equilibrium value of the energy gap is �eq � 0:14~!0, the most probable oneis �0 � 0:09~!0.
1.0

2.0

3.0

0.0

4.0

E
N

E
R

G
Y

 [M
eV

]

2 4 6 8 100

Jπ
+ + + ++ +

exp . th .

 03
+   band

104R u

 0 +
2   band

g.s . band
γ   band

Fig. 2. Experimental [13,14℄ and alulated exitation energies in 104Ru versus theangular momentum J� . Theoretial bands are marked with full lines, the dashedline onnets the energies of the g.s. band alulated without pairing vibrationse�et taken into aount.



768 K. Zaj¡ et al.Here the quadrupole part Ĥ0Bohr has the same struture as usual Bohr Hamil-tonian (1) but the potential and all inertial funtions appearing in it arealulated using the most probable gap values �p0 and �n0 (for protons andneutrons respetively) instead the equilibrium ones.
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Fig. 3. Experimental [13℄ and alulated redued E2 transition probabilities forground-state and - bands in 104Ru. Theoretial values are onneted by straightlines.
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Fig. 4. Experimental [1℄ and alulated energies of ground-state and - bands in112Ru. Theoretial values are marked with straight lines.Diagonalizing the Hamiltonian (3) in the omplete basis disussed inRef. [4℄ we have obtained exitation energies and other olletive harater-istis of 100�112Ru. Some examples of our results are presented here. Thetheoretial and experimental energies of exitations with positive parity of



Colletive Quadrupole Exitations in Even�Even Ru Isotopes 769104Ru [13,14℄ are ompared in Fig. 2. The agreement is surprisingly good inspite of the alulation has been done with no free parametrs. Some smalldisrepanies (e.g. for 0+3 and 8+2 levels) ould be onneted with the ap-proximate treatment of pairing vibrations or an admixture of two-partilemodes.Investigating quadrupole moments and E2 transitions (Fig. 3) we anon�rm the quadrupole nature of reprodued states. The alulated proba-bilities of E2 transitions in the ground-state band are too small indeed (thistendeny an be onneted with absene of the pairing-quadrupole mixedterms in Hamiltonian (3) [4℄) but nevertheless, they are lose to the mea-sured ones. The results obtained for other Ru isotopes are similar. As anexample we present in Fig. 4 the energies of 112Ru ground-state and - bandsin omparison to the experimental values. The agreement for the ground-state band is still very good whereas the theoretial moment of inertia of-band is a little bit too big in this ase.We may onlude that the in�uene of pairing vibrations appears tobe very important in desribing the quadrupole exitations of triaxially de-formed neutron-rih nulei like Ru isotopes. Taking it into aount we anreprodue quadrupole energy levels and transition probabilities in the frameof the mirosopi model with no need of introduing free parameters.REFERENCES[1℄ J.A. Shannon et al., Phys. Lett. B336, 136 (1994).[2℄ Q.H. Lu et al., Phys. Rev. C52, 1348 (1995).[3℄ D. Troltenier, J.P. Draayer, B.R.S. Babu, J.H. Hamilton, A.V. Ramayya,V.E. Obaraker, Nul. Phys. A601, 56 (1996).[4℄ L. Próhniak, K. Zaj�a, K. Pomorski, S.G Rohozi«ski, J. Srebrny, Nul. Phys.in print.[5℄ K. Kumar, M. Baranger, Nul. Phys. A92, 608 (1967).[6℄ T. Kaniowska, A. Sobizewski, K. Pomorski and S.G. Rohozi«ski, Nul. Phys.A274, 151 (1976).[7℄ S.G. Rohozi«ski, J. Dobazewski, B. Nerlo-Pomorska, K. Pomorski andJ. Srebrny, Nul. Phys. A292, 66 (1977).[8℄ T. Seo, Z. Phys. A324, 43 (1986).[9℄ D.R. Bès, R.A. Broglia, R.P.J. Perazzo, K. Kumar, Nul. Phys. A143, 1(1970).[10℄ A. Gó¹d¹, K. Pomorski, M. Brak, E. Werner, Nul. Phys. A442, 50 (1985).[11℄ A. Gó¹d¹, K. Pomorski, Nul. Phys. A451, 1 (1986).[12℄ S. Piªat, K. Pomorski, A. Staszzak, Z. Phys. A332, 259 (1989).
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