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NUCLEAR STRUCTURESTUDIED VIA COULOMB EXCITATION� ��P.J. Napiorkowskia, J. Iwanikia, J. Choi«skia, T. CzosnykaaN. Amzalb, P.A. Butlerb, D. Hawroftb, G. Jonesb, M. LoeweJ. Srebrnyd and M. WürkneraHeavy Ion Laboratory, Warsaw UniversityPasteura 5A, 02-093 Warszawa, PolandbOliver Lodge Laboratory, University of Liverpool, Great BritainSektion Physik, Ludwig-Maximilians University, Munih, GermanydInstitute of Experimental Physis, Warsaw UniversityHo»a 69, 00-681 Warszawa, Poland(Reeived February 11, 1999)Coulomb exitation has been proved as a powerful tool to study theeletromagneti struture of the nulei. In partiular this method is ableto determine large sets of eletri and magneti multipole matrix elements,giving an insight into the overall struture of the nulei in the low- en-ergy and relatively low-spin exitation region. This appliation of multipleCoulomb exitation is exploited sine almost two deades. In this ontri-bution we would like to onentrate on a di�erent usage of the Coulombexitation tehnique � addressing spei� physial problems by hoosingthe experimental onditions in a way that enhanes the sensitivity to thee�et under investigation. As an example the diret measurement of the E3oupling between gamma-vibrational and pseudo-beta-vibrational bands in148Nd is disussed. The results presented demonstrate how relatively simplemeasurement an be designed to investigate non-trivial phenomena.PACS numbers: 21.10.�k, 21.10.Ky, 21.10.Re1. MotivationSine more than a deade heavy-ion indued Coulomb exitation providesthe omplete information about the eletromagneti struture of the nuleiin the spin and energy regions amenable by this method. The knowledge� Presented at the International Conferene �Nulear Physis Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.�� The presentation of this paper was awarded the Leopold Kronenberg prize for a youngspeaker. (1309)



1310 P.J. Napiórkowski et al.of the full sets of redued eletri and magneti matrix elements ouplingthe low-lying olletive levels allows to test the understanding of olletivephenomena.The real advantage of Coulomb exitation is the appliability of semilas-sial, purely eletromagneti, desription of both exitation and deexitationproess. Sine no assumptions onerning the nulear fores are neessarythe results obtained are model-independent. Generally, the proedure ofmeasuring the sets of matrix elements is to simultaneously �t the full setto the deexitation gamma-ray yields olleted with di�erent beams (A;Zdependene) and observed in oinidene with sattered partiles at di�er-ent sattering angles (impat parameter dependene). In addition knownspetrosopi information: lifetimes of the nulear levels, E2/M1 mixing ra-tios, branhing ratios and the values of previously measured matrix elementsan be used to onstrain the �t. The number of experimental data shouldoverdetermine the number of parameters � matrix elements � su�ientlyenough to ensure the uniqueness of the solution in the sense of �nding aglobal minimum rather than a loal one dependent on the initial onditions.However, there are no lear riteria whih ould distinguish between loaland global minimum just from the �tting proedure. Multiple Coulomb ex-itation of a given level an be intuitively viewed as the interferene of manypaths onneting this state to the ground state of an investigated nuleusvia all possible intermediate states. The resulting exitation ross setionis thus dependent on all matrix elements in the amenable struture whihintrodues the dependene not only on the sizes of these matrix elements,but also on their relative phases.One method of verifying the uniqueness of the �nal result is to repeatthe �tting proedure starting from di�erent sets of initial matrix elements.As long as the �t onverges to the same minimum it an be believed thatthe solution is unique. Experimentally diret veri�ation of the multipleCoulomb exitation data is an independent measurement of level lifetimeswhih are straightforwardly onneted to the transition matrix elements.Unfortunately, suh a diret veri�ation is not usually possible in ase of E3matrix elements due to the overwhelming ompetition of lower multipolaritytransitions.In ase of 148Nd the level energy of the seond 0+ state is, in addition,almost the same as the energy of the 1� level (Fig. 1), so the only possi-ble way of deexiting this state is the E2 transition to the yrast 2+ state.When low-energy beams are used the population of the seond 0+ state isdetermined by the interferene of two-step proesses - E2�E2 via �rst andseond exited 2+ states and E3�E3 via 3� state in the otupole band.The in�uene of higher-order exitations drops drastially with dereasedbeam energy. The experimental onditions were hosen to exite the seond



Nulear Struture Studied via Coulomb Exitation 13110+ state in suh a way that the only possible deexitation transition ouldbe learly seen and, simultaneously, that only two-step exitation proesseswere of importane. Sine E2 matrix elements are known from both lifetimedata and previous Coulomb exitation work and E3 matrix element betweenthe ground state and the 3� state was measured with high auray as itdetermines the exitation pattern of the otupolly deformed band [1℄, theonly remaining unknown is the E3 matrix element of interest, onneting o-tupole and quasi-� bandheads. Thus, an experiment in whih the exitationis limited to two-step proesses provides, ombined with previous data, al-most diret way of determining the E3 oupling of the otupole and quasi-�bands.
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ground state band octupole band β band γbandFig. 1. -ray transitions and exited levels observed during the experiment withneon beam 2. Experimental1.5 mg/m2 148Nd target was bombarded with 65 MeV 20Ne beam fromthe Warsaw Heavy Ion Cylotron. Deexitation gamma-rays were detetedin oinidene with the projetiles baksattered in the range 140�170 de-grees with respet to the beam diretion. The measurement was arried outusing the 32 1�1m PIN-diode array detetor CUDAC [2℄ ombined withthree HPGe detetors.Event-by-event data were sorted using baksattered partile energy andpartile- timing gates. Doppler-shift orretion was applied to eah eventbased on the reonstrution of the kinematis.



1312 P.J. Napiórkowski et al.3. AnalysisGamma-yields resulting from the exitation of the states up to 6+ in theground-state band, two lowest states in the otupole band, two lowest levelsin the � band and the bandhead of the  band (Fig. 1) were used as an inputto the Coulomb-exitation analysis ode GOSIA [3℄. Available spetrosopidata (level lifetimes and branhing ratios [4℄) were inluded. The value ofthe lowest E3 matrix element, onneting the ground state and the lowestunnatural parity state was taken from [1℄ as an experimental data point,i.e. as not a �xed quantity, but ontributing to the minimized �2 funtion.Sine this matrix element in�uenes the data of the reported experiment theinlusion of the previously measured value provides a onsisteny test of thedata derived from experiments desribed in [1℄ and our results.4. ResultsThe value of the h0+2 kE3k3�i redued matrix element resulting from ourdata is equal to 1000�300 e�fm3 as ompared to h0+1 kE3k3�i=560�20 e�fm3.This result is in perfet agreement with the value of 1050�100 e�fm3 givenin [1℄. REFERENCES[1℄ R. Ibbotson et al., Nul. Phys. A819, 213 (1997).[2℄ J. Iwaniki , Z. Grabowski, Heavy Ion Lab. Annual Report, 1995.[3℄ T. Czosnyka, D. Cline, C.Y. Wu, Bull. Am. Phys. So. 28 (1983).[4℄ National Nulear Data Center On-line Servie, Brookhaven National Labora-tory, USA, 1997.


