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STUDY OF THE K QUANTUM NUMBERDEPENDENCE ON THE DEFORMATIONIN 165Ho NUCLEUS� ��J. Iwanikia, M. Zieli«skaa;, T. Czosnykaa, J. Choi«skiaP. Napiórkowskia, M. Loeweb, M. Würknerb and J. SrebrnyaHeavy Ion Laboratory, Warsaw UniversityHo»a 69, 00-681 Warsaw, PolandbDepartment of Physis, Ludwig-Maximilians UniversityMunih, GermanyInstitute of Experimental Physis, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Reeived Otober 31, 2000)This work is devoted to the Coulomb exitation of 165Ho. Experi-ments were performed at the Heavy Ion Laboratory of Warsaw Univer-sity. A model-independent analysis using the GOSIA ode yielded a setof redued matrix elements values oupling the low-lying olletive exitedstates. A quadrupole sum rules approah was used to determine the defor-mation of the states. A remarkable hange of quadrupole moment in oneof the -vibrational bands was found.PACS numbers: 21.10.Ky, 23.20.Js1. IntrodutionThe sope of this work overs about three last years of experiments anddata analysis devoted to the Coulomb Exitation of the 165Ho nuleus.The ground state level of the nuleus under study may be understood asbuilt by the single proton oupying the Nilsson orbital [523℄ around a 164Dyore whih gives the spin of 7/2 and negative parity. A sequene of stateswith the spin inreasing by one and same parity is interpreted as a rotationalground state band of a K quantum number equal to 7/2.� Presented at the XXXV Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 5�13, 2000.�� Work supported by the Polish State Committee for Sienti� Researh (KBN) grantPB 255/P03/95/08. (787)



788 J. Iwaniki et al.The nuleus may undergo a  vibration and the spin of a phonon maybe subtrated or added to the ground state spin and these two possibilitiesgive two other rotational  bands starting from the states 3=2� and 11=2�,respetively. K numbers of 3/2 and 11/2 are assigned to these bands.The disussed level sheme is presented in �gure 1 and is only a sub-setof known exited states, desribed with more details in the work of Gervais,Radford et al. [1℄.

Fig. 1. Simpli�ed 165Ho nuleus level sheme showing observed  transitions.2. ExperimentsA set of three experiments with 50 MeV 20Ne (Marh 1998) and 130 MeV40Ar (June 1999) beams were performed with use of dediated Coulomb Ex-itation set-up alled CUDAC (Coulex Universal Detetor Array Cham-ber) [2℄ [3℄ and also with the 55 MeV 16O (January 2000) beam and theOSIRIS multi-detetor HPGe array (moved from Jülih to Warsaw fewyears ago) � for an inlusive experiment with the oxygen beam.3. Data analysisAfter relatively simple raw data elaboration a set of  transition in-tensities was obtained. Thik target stopped the radiating reoils and theDoppler shift orretion was not required. Observed  transitions are plottedin �gure 1.Redued matrix elements determinationExited levels layout (energies, spins and parities) were not a subjet of thestudy and were adopted after an on-line database of NNDC Brookhaven [4℄.Measured  intensities, ombined with available spetrosopi data wereused as an input to the Coulomb Exitation Least Squares Fitting odeGOSIA [5℄. As an output, a set of redued matrix elements values and its



Study of the K Quantum Number Dependene on the : : : 789errors was obtained. A set was rih and preise enough to perform furtheranalysis of the nuleus shape.Quadrupole Sum Rules method and shape parametersThe E2 operator expressed in the prinipal nuleus axes frame may be pa-rameterized using two parameters only: quadrupole moment of the hargedistribution Q and non-axiality parameter Æ:E(2; 0) = Q os Æ ;E(2; 1) = E(2;�1) = 0 ;E(2; 2) = E(2;�2) = 1p2 Q sin Æ :However, some invariant is needed to express intrinsi deformation pa-rameters with quantities measured in laboratory frame.A produt of E2 operators oupled to zero is suh an invariant and maybe also written using redued matrix elements thanks to intermediate stateexpansion formula: 1p(2Ii + 1)Xt hikE2ktihtkE2kii� 2 2 JIi Ii It �= hij [E2�E2℄0 jii = Q2p5 ;where t extends over all the levels whih may be reahed in single E2 tran-sition.A sum, appearing in the expansion, onsists of produts of experimen-tally available redued matrix elements. One may onsider E2 � E2 loopsstarting and ending in a hosen state and visiting intermediate states, asseen in �gure 2.
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Fig. 2. E2�E2 loops involved in <Q> determination for bandhead states.



790 J. Iwaniki et al.4. Quadrupole moments determined for exited statesbelonging to di�erent rotational bandsFigure 3 shows the results of averaged quadrupole moments alulation.One may note that the Q value is almost onserved for the ground state(K=7/2) band members and for the K=3/2 band levels, but is almost twotimes smaller for the lowest states in the K=11/2 rotational band, thusdemonstrating a lear K-dependene.
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−Fig. 3. <Q> values determined for hosen states of the 165Ho nuleus.5. SummaryTwo side bands disussed in this work were known to be highly olletivefrom the previous Coulomb exitation experiments with very heavy ions,whih suggested that these bands are assoiated  bands (see [1℄).Using very heavy beams the auray of the measurement of the mostimportant lowest matrix elements is lost due to the fat, that most of the ob-served gamma intensity omes from the higher states deexitation. Presentexperiments were designed to ahieve the maximum sensitivity to the low-lying E2 transitional and diagonal matrix elements.As a result an unexpeted di�erene between the deformations of theassoiated  bands has been found.We wish to express our regards for the Warsaw Cylotron rew for ex-ellent ooperation and maintaining high quality beams throughout all ex-periments.
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