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FIRST RADIOACTIVE BEAM COULOMB EXCITATIONEXPERIMENT ON SPIRAL�E. Bouheza, A. Chatillona, A. Hürstela, W. Kortena, Y. LeCoza, Ch. Theisena, J.M. Casandjianb, G. de Franeb,F. Beker, J. Gerl, T. Czosnykad, J. Iwanikid;e,M. Zieli«skad;f , P. Butlere, R. Herzberge, D. Jenkinse,G. Jonese, G. Sletteng, W. Catfordh, and C. TimishaCEA Salay, FranebGANIL Caen, FraneGSI Darmstadt, GermanydHeavy Ion Laboratory, Warsaw, PolandeOliver Lodge Laboratory, Liverpool, UKfIntitute of Experimental Physis, Warsaw, PolandgNiels Bohr Institute, Copenhagen, DenmarkhUniversity of Surrey, UK(Reeived Deember 2, 2002)We report on the �rst Coulomb exitation experiments of a radioativebeam provided by the Spiral faility at GANIL (Frane) to study theshape of the unstable isotope 76Kr.PACS numbers: 25.70.De, 21.10.Ft, 29.25.Rm1. IntrodutionLow energy Coulomb exitation is the only way to determine the pa-rameters of shape of a nuleus, i.e. the quadrupole moment, of short-livedexited states.It was proposed to apply the Coulomb exitation tehnique to studythe shape evolution in the krypton nulei, whih (aording to previousmeasurements and theoretial preditions, see [1℄ and referenes therein)exhibit the phenomenon of shape oexistene. This means, that the shapes ofthe nuleus in the states of similar energy di�er signi�antly. An exhaustivedisussion of the shape oexistene phenomenon may be found in a reviewartile of Wood et al. [2℄.� Presented at the XXXVII Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 3�10, 2002.(2443)



2444 E. Bouhez et al.Using a post-aelerated low energy beam is essential to ahieve multi-step Coulomb exitation of an unstable nuleus. Deexitation -ray yieldsdepend on the quadrupole moments of the exited states, whih an then bederived.The quadrupole moment of the �rst exited 2+ state a�ets the popula-tion ross-setion of this state as well as higher-lying states and the -rayangular distributions. The �rst e�et may be analyzed either by an absoluteross setion measurement or by �tting the ratio of 4+!2+2+!0+ transition yield.The seond e�et is usually very weak and requires high statistis data.2. Seondary post-aelerated krypton beamsThe 76Kr beam was obtained from the fragmentation of a primary highintensity (�3 p�A) 68.5 MeV/A 78Kr beam provided by oupled GANILylotrons, whih was bombarding the high power arbon target of theSpiral faility. Reation produts were thermalized, bred to the +15 hargestate in an ECR ion soure and post-aelerated by an additional ylotronCime, dediated to seondary beam aeleration.As a result, low intensity (5� 105 pps) post-aelerated seondary beamof unstable (T1=2 �14.8 h) 76Kr ould be foussed at the target position.The Spiral faility has the ability to hange the aelerated ion speiesin a relatively short time, so at the end of the experiment a short run witha 104 pps 74Kr beam (T1=2 �11.5 min) was performed.3. Targets and detetor set-upTo obtain di�erent Coulomb exitation onditions, two targets were usedand the beam energy was adjusted aording to the atomi number of thetarget.We have used 208Pb target to exite 4.4 MeV/A beam and 48Ti targetto exite 2.6 MeV/A beam. Targets of the thikness lose to 1 mg/m2 weretransparent to both the beam and reoiling target nulei. The seond targetwas used to exite both 76Kr and 74Kr beams of the same energy.Forward-sattered beam partiles as well as forward going reoils weredeteted in a round, double-sided Si strip detetor (16 angular & 16 radial,equidistant strips) plaed at forward angles and surrounding the outgoingbeam (see Fig. 1).The angular overage of the silion detetors was adjusted by seletingthe detetor�target distane.
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Fig. 1. Target and partile detetion set-up.A partile detetor, measuring partile energies and angles, was operatedin oinidene with the Exogam -ray detetion array, in a on�gurationof six (out of sixteen designed) high e�ieny, segmented Clover detetorsand additional one smaller Clover detetor. The oinidene ondition wassu�ient to suppress the bakground from the natural radioativity of thebeam. 4. ResultsCumulative -ray energy spetra originating from the Coulomb exitedbeams of unstable 76;74Kr ions are presented in �gures 2 and 3. The spetraare not orreted for the Doppler shift. In the spetrum for 76Kr+48Tiase the 2+ ! 0+ transition peak ontains about 104 ounts (this is notthe full statistis olleted during the run), whih is promising for furtheranalysis. Also the 4+ ! 2+ transition is learly visible, whih should allowfor a relative ross setion analysis, independent from the total detetione�ieny.The spetrum of Coulomb exited 74Kr beam (Fig. 3) shows that su-esful measurement in this ase is also possible, but the statistis olletedin this �rst short (�12 h) run with this beam are not yet su�ient for adetailed analysis.The Spiral experiment, one of the �rst of its kind in Europe, shows thatCoulomb exitation of an unstable beam is possible and gives a new outlookon the spetrosopy of the nulei not aessible by lassial methods.Post-aelerated beam, ontrary to other seondary beams tehniqueslike in-�ight separation, o�ers very lean experimental onditions withoutbeam ontaminants and the hoie of the appropriate, well de�ned beamenergy.
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E [keV]Fig. 2. Gamma-ray energy spetrum of Coulomb exited 76Kr beam.
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