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EVIDENCE OF GDR ON SUPERDEFORMED 143EuAND THE ROLE OF E1 EMISSION IN THEPOPULATION OF SUPERDEFORMED STATES�F. Camera, A. Brao, S. Leoni, B. MillionUniversitá degli Studi di Milano, Dipartimento di Fisia and INFNvia Celoria 16, 20133 Milano, ItalyA. Maj and M. KmieikH. Niewodniza«ski Institute of Nulear PhysisRadzikowskiego 152, 31-342 Kraków, Poland(Reeived January 30, 2001)High-energy gamma rays in oinidene with low-energy disrete tran-sitions have been measured by oupling EUROBALL with the HECTORarray. The high-energy -ray spetrum in oinidene with superdeformed(SD) disrete transitions of 143Eu shows an `exess' between 9-12 MeV ifompared with the one assoiated to asades whih do not pass throughthe SD on�gurations. Suh an `exess' is in the energy region where oneexpets the low energy omponent of the GDR strength funtion built ona SD state. High energy -rays have been found also to enhane the popu-lation of the disrete SD band, the ridge struture and the superdeformedquasi-ontinuum showing that the E1 ooling is a preferred way to feed SDon�gurations.PACS numbers: 21.10.Re, 25.70.Gh1. IntrodutionThe Giant Dipole Resonane (GDR) built on exited nulei is an ex-tremely powerful probe to study the struture of hot rotating nulei. In fat,as the quadrupole degree of deformation strongly ouples with the nulearshape, by the measurement of GDR strength funtion it is possible to studythe nulear deformation and its temperature/spin indued dependene. The� Presented at the XXXV Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 5�13, 2000.(807)



808 F. Camera et al.GDR properties have been measured, for example, as a funtion of exita-tion energy [1℄, angular momentum [2℄ or by hoosing spei� evaporationresidues [3℄.A still open and debated question onerns how old superdeformed on-�gurations are populated by the deaying ompound nuleus. The feedingof superdeformed strutures, in fat, has been a long-standing problem sinethe time of the disovery of the �rst superdeformed (SD) band [4,5℄. In fat,it was experimentally observed that superdeformed bands are populated withan intensity whih is approximately one order of magnitude larger than thatof normally deformed on�gurations at high spins. A possible explanationrelies on the E1 statistial ooling [6, 7℄.In the statistial model, the probability for a thermalized nuleus withexitation energy E� to emit a -ray of energy E is proportional to theprodut between the ratio of the level density of the �nal and initial stateand the GDR strength funtion (see Eq. (1)) [8℄.d� (E)dE / E2 �(E�f )�(E�i )�GDR(E) : (1)Beause of the large deformation a superdeformed (SD) nuleus has, itsGDR strength funtion is highly splitted and 33% of the Energy WeightedSum Rule (EWSR) shifts from � 15 MeV to � 10�11 MeV. The left panel of�gure 1 shows the GDR strength funtion in a spherial (E0 = 15 MeV) andin the superdeformed ase where 33% of the EWSR is shifted at 10.5 MeVand the remaining 66% at 17 MeV. Suh highly splitted strength funtionwill strongly enhane the E1 emission between 7�12 MeV if ompared withthe ase of a spherial nuleus (see right panel of �gure 1).In medium heavy nulei the partile binding energy (EB) lies between8�11 MeV, (10.8 for 143Eu). Consequently, in a ompound nuleus with anexitation energy omparable to its partile binding energy the  emissionompetes muh more e�etively with partile evaporation in a SD nuleusthan in a spherial one, thus explaining the expeted high yield in the popu-lation of superdeformed on�gurations relative to the normal deformed ones(see left panel of �gure 1).Experimentally it is a very di�ult task to address this problem. Infat, one has to isolate and measure the asades ontaining a high energy-ray ( � 0.1% of the ases) whih end up in a superdeformed on�guration( � 1% of the ases). Consequently, the measurements of a GDR built ona SD state requires an experimental sensitivity of the order of 10�4 � 10�5whih is at the limit of the available experimental arrays. In the past yearsseveral attempts to measure the -feeding of SD on�gurations have been
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γ Energy  [MeV]Fig. 1. In the left panel the GDR strength funtion in the spherial (E0=15 MeV)and in the superdeformed ase (where 33% of the EWSR are in a Lorentzian en-tered at 10.5 MeV and �=3 MeV while the remaining 66% is entered at 17 MeVwith a width of 6.5 MeV). In the right panel the ratio between the two left urvesnormalized to 1 at 3 MeV is displayed.done and published [9�13℄ but suh a demanding high sensitivity has madethe results non onlusive and in some ase ontraditory.A good andidate for suh kind of study is the nuleus 143Eu. In fat:(i) 143Eu has a rather high partile binding energy (EB ' 10:8 MeV) sothat there is enough phase spae for a high energy GDR gamma ray to beemitted, (ii) 143Eu presents, at high spin, both a strong disrete superde-formed band (1% of the total) and an intense E2 quasi-ontinuum of exitedsuperdeformed bands [14℄, (iii) at low spin a quasi-spherial (ND) and tri-axially deformed (TD) shapes [15�18℄ oexist and both the SD yrast bandand the superdeformed quasi-ontinuum follow deay routes whih end upto spherial low spin states (ND) only.Therefore one should see the  deay of the GDR build on superde-formed states by omparing the high energy -ray spetra gated by disretesuperdeformed transitions and by low spin triaxial transitions.In an experiment [13℄ previously performed by oupling the Nordball(whih onsisted of 17 HPGe detetors and a multipliity �lter) with theHECTOR array (for the detetion of high energy -rays) an indiret evi-dene of the GDR built on superdeformed states in 143Eu has been obtainedby omparing the high energy spetrum in oinidene with ND disretetransitions with that in oinidene with the TD ones. In that experimentan exess of gamma rays entered around 10 MeV was observed and inter-preted as the low energy omponent of the superdeformed GDR.



810 F. Camera et al.In this paper we disuss the results of a new experiment on 143Eu searh-ing for evidene of a GDR built on superdeformed states. The measurementhas been made using the EUROBALL spetrometer oupled with the HEC-TOR array. The experimental apparatus is several times more powerful thanthat used in Ref. [13℄ so that it has been possible to gate diretly on disretesuperdeformed transitions. 2. The experimentThe experiment was performed at the Legnaro National Laboratoryof INFN in Italy using EUROBALL (whih onsists of 15 Cluster and26 Clover HPGe detetors) oupled with 8 Large BaF2 rystals from theHECTOR array plaed at 30 m from the target. Four small BaF2 rystalsplaed at ' 5 m from the target provided the time referene for time of�ight measurements used to disriminate neutrons. High energy gamma-rays(3�30 MeV) deteted in the BaF2 rystals have been measured in oinidenewith low energy disrete transitions deteted in Cluster and Clover HPGedetetors.The absolute experimental full energy peak e�ieny for high energy-rays in the BaF2 detetors was approximately 1%, while for low energytransitions in EUROBALL was approximately 8%. Beause of the high spinof the reation the e�ieny of the 4 small BaF2 was e�etively 100%.The used reation was 110Pd(37Cl, 4n)143Eu at a beam energy of 165 MeV.The 110Pd target was 97.3% pure and 950 �g/m2 thik with an Au bakingof 15 mg/m2. The hosen bombarding energy represents a good ompro-mise for a good population of the superdeformed band and for E1 emissionof the �nal residual nuleus around the yrast line. The ompound nuleus147Eu was formed at an exitation energy of 79 MeV. The maximum angularmomentum is predited to be 62 ~ by the the Swiateki model [19℄ and 68~ by the model of Winther, [20℄.Approximately 4:5 � 108 events of oinidene between low energy dis-rete -transitions (measured by EUROBALL array) and high energy(E > 3 MeV) -ray (measured in the large BaF2) have been aumulated.The average multipliity of EUROBALL data was 3 and up to 8�9 foldevents have been registered. The time resolution for neutron disriminationin time of �ight measurements was ' 1 ns for BaF2 and 8 ns for HPGe. Thegain of eah BaF2 detetor was monitored ontinuously by a LED soureand small shifts have been orreted by an o�-line analysis.



Evidene of GDR on Superdeformed 143Eu and the Role of. . . 8113. Experimental resultsAs previously disussed, it has been experimentally measured [14,17,18℄that both the superdeformed yrast band and the exited superdeformedstates of the E2 ontinuum follow deay routes leading to ground state thatdo not populate the triaxial (TD) on�guration but only spherial (ND)on�guration. In fat, the barrier between the SD and the triaxial energypotential minima is larger than the barrier between the superdeformed andspherial minima [15℄. Consequently, the triaxially gated spetrum ontainsall those asades whih never pass through SD on�gurations.
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Fig. 2. Comparison of the high-energy -ray spetrum double gated by the lines ofthe superdeformed yrast band (�lled irles) with the spetrum gated by lines ofthe triaxial on�guration.In �gure 2 we show and ompare two high-energy -ray spetra. One isgated by two SD transitions of the yrast line and the other by the transitionsfrom the �rst exited states and by any transitions of TD type. The SD gatedspetrum, normalized at 5 MeV, shows a lear exess between 10�12 MeVrelative to the TD gated one, exatly where one expets the low energyomponent of the GDR. As the statistis dies at 13 MeV nothing an besaid for the seond high-energy GDR omponent whih is expeted to lie at17 MeV.Even thougt all the gammas of �gure 2 ome from the deay of the GDRand are gated by 143Eu disrete SD transitions, not all the  in the spetrumome from a GDR built on 143Eu in a superdeformed on�guration. In fat,GDR  emission is present from the very �rst to the last steps of the deay of



812 F. Camera et al.the ompound and onsequently some of the gamma might be emitted by lowdeformed hot 147�144Eu before partile emission leads to the 143Eu residue.However, as the partile binding energy of 143Eu is 10.8 MeV, approximately70 % of the 7�12 MeV -rays in oinidene with 143Eu residue are emittedby 143Eu at an exitation between 8�15 MeV, exatly where a SD GiantDipole Resonane state is expeted to be.The high statistis and the good quality of the data has allowed to extratthe intensity of the disrete 143Eu SD band as a funtion of the energy ofthe -rays measured in oinidene. The transitions of the SD band havebeen identi�ed by produing several - matrix gated by di�erent intervalof the high energy -rays measured in the BaF2. The Doppler orretion forthe superdeformed band has been applied on an event by event basis [21℄.The SD band is learly visible in oinidene with -rays up to 6�8 MeV(see �gure 3).
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Fig. 3. The superdeformed yrast transitions (shown by the dots in the lower plot)measured in HPGe detetors in oinidene with di�erent windows of high energy-rays measured in the BaF2 detetors. In the right upper part of eah plot theaverage energy of the oinident -rays is shown.In �gure 4, the intensity population of the disrete superdeformed band(�lled squares) has been plotted relative to the energy of the oinident highenergy -rays. The 917 keV transition from the �rst exited state over the11/2� isomeri state of 143Eu has been used as a referene. In the same plotthe relative inrease of the intensity of the E2 superdeformed ontinuumand of the SD ridges with high energy -ray is also shown with �lled points
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Fig. 4. Intensity of the SD yrast band (�lled squares), SD ridges (�lled triangles)and of SD E2 ontinuum (�lled points) as a funtion of the energy of the gatingtransitions, normalized at 3 MeV. The empty points and triangles indiate the in-tensity of low lying triaxial and spherial transitions. The full drawn line representsthe ratio between the superdeformed GDR strength funtion and the spherial one,giving the lower limit for the feeding of a SD nuleus by E1-deay from the GDR.and triangles respetively. In all three ases an enhanement of a fator of' 1.5�2 is present indiating that the E1 ooling enhanes the population ofall the superdeformed on�gurations as suggested by Ref. [6, 7℄. The mea-sured enhanement is ompared with that expeted as due to the di�erentstrength GDR funtions in the normal ase and in the superdeformed one.The ontinuous line is the same shown in the left panel of �gure 1.The larger measured values ould re�et both level density e�ets as wellas the fat that the high-energy gating transitions do not all end neessarilyon the superdeformed yrast states.4. ConlusionsThe reent experimental data here disussed show evidene of a GDRbuilt on superdeformed states and that a stable superdeformed on�gurationexist only few MeV over the yrast line in the high spin region. Suh resultson�rm the indiations of Ref. [13℄.The experimental fat that the intensity of the superdeformed strutures(disrete and damped) inreases by a fator of � 2 when one gates with highenergy -rays learly shows that superdeformed on�gurations are preferablypopulated by E1 ooling, namely by the deay of the superdeformed GDR.
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