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STUDY OF K SELECTION RULES IN WARMROTATING NUCLEI�G. Benzoni, A. Brao, F. Camera, S. Leoni, B. Million,O. Wieland, N. Blasi, M. PignanelliDipartimento di Fisia, Universitá degli Studi di MilanoandINFN, Sezione di Milano,Via Celoria 16, 20133 Milano, ItalyA. Maj, M. KmieikHenryk Niewodniza«ski Institute of Nulear Physis, 31-342 Kraków, PolandB. Herskind, G.B. Hagemann, J. Wilson,The Niels Bohr Institute, Blegdamsvej 15-17, 2100, Copenhagen, DenmarkG. Lo Biano, C. PetraheDipartimento di Fisia, Universita' di Camerino and INFN sez. Perugia, ItalyM. Castoldi, A. ZuhiatiINFN sezione di Genova, Genova, ItalyG. De Angelis, D. Napoli,Laboratori Nazionali di Legnaro, via Romea, Legnaro (PD), ItalyP. Bednarzyk, and D. CurienInstitute de Reherhes Subatomi, 67037 Strasbourg Cedex 2, Frane(Reeived Deember 2, 2002)The problem of the onservation of theK-quantum number at high spinand high-exitation energy is investigated making use of a large statistisdata set on the 163Er nuleus, obtained with the EUROBALL array. Inpartiular, the ridge struture, observed in � oinidene matries andtypial of the rotational motion, is analysed for high and low values of theK quantum number. The experimental results are ompared with rankedshell model alulations taking into aount the residual interation and forwhih the K-quantum number of the band an be traed also in the warmrotation.PACS numbers: 21.10.Re, 23.20.Lv, 24.80.+y, 27.10.+q� Presented at the XXXVII Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 3�10, 2002.(2221)



2222 G. Benzoni et al.1. IntrodutionThe -deay among old rotational bands is governed by seletion rulesassoiated with the quantum numbers of the intrinsi strutures. At exi-tation energies high above the yrast line, suh seletion rules are expetedto be lost as a onsequene of the gradual transition into the ompoundnuleus regime, where the only quantum numbers surviving are energy, spinand parity. The question is at whih energy suh seletion rules vanish andwhat is the role played by the residual interation.A useful probe for these studies is the K-quantum number, de�ned asthe projetion of the angular momentum on the symmetry axis of a pro-late nuleus. The seletion rules on K are known to be strong for lowenergy transitions, but an be broken at higher energies due to both theCoriolis fore and the residual interation. Two previous investigations weremade: the �rst indiated that the K-quantum number is onserved at highexitation energy in the neutron resonane region [1℄. The seond investi-gated lower exitation energy at higher rotational frequenies through the-emission in the quasi-ontinuum region, and suggested that seletion ruleson K-quantum number still persist at exitation energy around 1 MeV [2℄.2. Experiment and data analysisA good ase for studying the onservation of K-quantum number sele-tion rules is 163Er nuleus. This system is haraterised, in the same spinregion, by rotational bands with small and large (K = 19=2) values of K.The high-K bands, in partiular, lie at rather high exitation energy aboveyrast, between 0.8 and 1.4 MeV, whih is the region that is expeted to bedominated by the mixing of rotational bands due to both the large leveldensity and the two-body residual interation.High fold -ray oinidene data have been olleted with the EURO-BALL IV array at IReS (Frane). The reation employed was 18O+150Ndwith Ebeam= 87�93 MeV, whih leads to the population of 162;163Er as themain evaporation residua. Although the level sheme of 163Er is quite om-pliated, the seletion of low-K and high-K bands an be done by meansof standard gating proedure: in partiular high-K bands an be seleteddue to the presene of low-energy M1 transitions onneting states of sameparity and di�erent signature [3℄.The olleted data have been sorted into a number of double and triple-oinidene matries obtained by gating on di�erent nulear on�gurations,haraterised by low and highK-values. After subtration of the bakgroundunder the gate-seleted peaks and redution of Compton and other unorre-lated events using the COR proedure [4℄, the double oinidene matrieshave been projeted into one-dimensional uts perpendiular to the main



Study of K Seletion Rules in Warm Rotating Nulei 2223diagonal E1 = E2 , for the analysis of the ridge-valley strutures whihharaterise the rotational pattern in two dimensions. These uts have beenperformed at inreasing transition energy with a width of 4~2=Im(2) � 60keV, in order to guaranty that at least one rotational transition is depositedin the energy window.Figure 1 illustrates the ridge-valley struture for the E low-K gate (panel(a)) and the K1 high-K gate (panel (b)) orresponding to hEi = (E1 +E2)=2 = 880 and 820 keV sliing energies, respetively. The ridge struture,marked by arrows in the �gures, is reated by transitions that follow regularrotational bands lying above the yrast line whih annot be resolved exper-imentally. The di�erent line shape of the ridges orresponding to the two
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 [keV]Fig. 1. The top panels show the ridge-valley struture obtained through uts per-pendiular to the main diagonal in matries gated on low-K on�gurations (panel(a), onf. E) and high-K on�gurations (panel (b), onf. K1) at the average en-ergy of 880 and 820 keV respetively. The �rst ridge, indiated by the arrows,is well de�ned in both on�gurations. The bottom panels show the number ofpaths extrated using the �utuation analysis on the �rst ridge of matries gatedon di�erent on�gurations. Panel ) shows the results for low-K on�gurations,while panel (d) for high-K ones. In both pitures (panel () and (d)) the solidlines represent the average experimental value and the dotted lines the theoretialpreditions for the number of disrete lines that populate the ridge struture.



2224 G. Benzoni et al.di�erent on�gurations might be related to a di�erent spreading of the mo-ment of inertia of the interating bands, and possibly to a di�erent strengthof the residual interation in the two ases.By studying the statistial �utuations of the ounts in the oinidenespetrum it is possible to determine the number of deay paths populatingthe ridges and orresponding to the number of suh unresolved bands [5℄.In order to obtain a good estimate of the number of paths it is neessaryto subtrat the most intense transitions present in the matries, sine theystrongly a�et the evaluation of the �utuations. The number of pathsobtained from the analysis of the �rst ridge for di�erent on�gurations isalso shown in �gure 1: panel () refers to low-K bands and panel (d) tohigh-K bands. The solid lines orrespond to the average values.For eah of the on�gurations 10�20 unresolved bands are found both forlow-K and high-K strutures. In addition, a rather strong on�gurationsdependene is observed, although the average value of number of paths isvery similar for low and high-K bands, in agreement with the previous anal-ysis [2℄. 2.1. Comparison between experiment and theoryThe experimental results have been ompared to theoretial alulationsbased on a ranked shell model inluding the residual interation and anadditional term whih takes into aount the angular momentum arried bythe K-quantum number [6, 7℄. Suh alulations show that the K-mixingis produed by the interplay of the Coriolis interation and the residualinteration: it is expeted to be weak in the region of the disrete bands(U � 1 MeV), but it gradually inreases until a omplete violation of Kis predited to be reahed around U � 2-2.5 MeV, over a wide spin region(30�60 ~). The model shows that although the Coriolis fore is essentialto produe the mixing of K, without the residual interation this mixing isvery weak.In order to ompare the experimental values with theoretial predi-tions we have alulated the number of disrete bands populating the ridgestruture by ounting the number of two onseutive transitions (e.g. deay-paths) whih branh out to less than two levels [5℄. The seletion betweenlow-K and high-K on�gurations is made by requiring that the K-quantumnumber assoiated to a given state is smaller (greater) than 10.5. The resultsof the omparison are shown as dotted lines in �gure 1, for low-K (panel()) and high-K (panel (d)) on�gurations. While a rather good agreementis obtained for the low-K number of paths, a larger disrepany is observedfor the high-K states. This is most probably related to the omplexity ofthe K-mixing proess, whih is expeted to be better understood by a sim-ulation the -deay of the rotational nuleus whih takes into aount alsothe role of the feeding of the di�erent on�gurations [8℄.



Study of K Seletion Rules in Warm Rotating Nulei 22252.2. ConlusionPreliminary results addressing the problem of a possible onservation ofthe K-quantum number at high spin and high-exitation energy have beenpresented and disussed.The large statistis of the EUROBALL experiment on the 163Er nuleusallows to study in details the ridge-valley strutures typial of the rotationalmotion in onnetion with high and low values of the K-quantum number.The ridge strutures, populated by disrete unresolved rotational bands,have been analysed and ompared to new theoretial alulations takinginto aount the importane of both the residual interation and of the K-quantum number. While for the low-K-quantum number a rather goodagreement between data and preditions is found the results on the highK-quantum number are not yet understood within the same model.The authors would like to thank E. Vigezzi and M. Matsuo for fruitfuldisussions. This researh is supported by the Istituto Nazionale di FisiaNuleare, sez. Milano, the EU Aess to Large Sale Failities Program,and by the Polish State Commitee for Sienti� Researh (KBN) Grant No.P03B 118 22. REFERENCES[1℄ J. Rekstadt et al., Phys. Rev. Lett. 65, 2122 (1990).[2℄ P. Bosetti et al., Phys. Rev. Lett. 76, 1204 (1996).[3℄ G.B. Hagemann et al., Nul. Phys. A618, 199 (1997).[4℄ O. Andersen et al., Phys. Rev. Lett. 43, 687 (1979).[5℄ T. Døssing et al., Phys. Rep. 268(1), 1 (1996).[6℄ M. Matsuo et al., Nul. Phys. A617, 1 (1997).[7℄ M. Matsuo et al., in preparation.[8℄ A. Brao et al., Phys. Rev. Lett. 76, 4484 (1996), and in preparation.


