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ENTRANCE CHANNEL EFFECTS IN THEPOPULATION OF GIANT DIPOLE RESONANCESIN Sn NUCLEI�M. CinauseroI.N.F.N., Laboratori Nazionali di Legnaro, ItalyN. Gelli, F. LuarelliI.N.F.N. and Dipartimento di Fisia dell'Università di Firenze, Italyand G. ViestiI.N.F.N. and Dipartimento di Fisia dell'Università di Padova, Italy(Reeived January 13, 1999)We have measured the high energy -ray spetra from the fusion re-ations 130 MeV 16O + 98Mo and 240 MeV 48Ti + 64Ni, populating the114Sn and 112Sn ompound nulei at the exitation energy of 108 MeV. Theomparison of the spetra shows a �38% enhanement of the -ray yieldin the Giant Dipole Resonane region (E�8 MeV) when the 16O induedreation is onsidered. The experimental result is onsistent with entranehannel e�ets related to the N=Z asymmetry between the target and theprojetile.PACS numbers: 24.30.Cz, 25.70.Gh1. IntrodutionIt has been proposed [1℄ that Giant Dipole Resonane (GDR) deay fromexited nulei populated in heavy-ion reations an be used as a probe of theproperties of these systems in the early stages of their formation. Therefore,high energy -rays have been used to study dynamial e�ets in heavy-ionindued fusion reations. The majority of the experiments performed up� Presented at the XXXIII Zakopane Shool of Physis, Zakopane, Poland, September1-9, 1998 (543)



544 M. Cinausero et al.to now have searhed for e�ets related to the predited dependene of thefusion time on the mass asymmetry in the reation entrane hannel.Only reently, the �rst experimental evidene of the exitation of a so-alled dynamial dipole mode in heavy-ion reations has been reported [2℄.This dipole mode ould be exited in the earlier times of a ollision betweena target and a projetile having di�erent N=Z ratios [3,4℄. This brings to anenhaned yield of the -rays above E = 8 MeV when the N=Z asymmetrientrane hannel is ompared with an N=Z symmetri one whih is preditedto depend on the beam veloity [3℄. In the ase of Ref. [2℄ bombardingenergies of 4 and 5 MeV/nuleon were onsidered and an inrease of � 15%vas determined for the -ray yield above 8 MeV in the N=Z asymmetrientrane hannel populating the 140Sm ompound nuleus.We present here new results obtained in this �eld using the GASP spe-trometer of the Laboratori Nazionali di Legnaro oupled with two largevolume BGO detetors for the measurements of the high energy -rays.2. Experimental resultsThe aim of the present work is to extend the investigation on the N=Ze�et in the A� 110 mass region by a omparative study of the high energy-ray spetra in the 130 MeV 16O + 98Mo (N=Z = 1 and 1.33) and 240 MeV48Ti + 64Ni (N=Z = 1.18 and 1.28) entrane hannels. Suh a omparison
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5 10 15 20Fig. 1. Comparison of the experimental exlusive (p5n deay) high energy -rayspetra for the 16O + 98Mo and 48Ti + 64Ni reations. The spetra are normalizedin the statistial (4 MeV � E � 6 MeV) region.
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5 10 15 20Fig. 2. Comparison of the experimental high energy -ray spetra for the tworeations. The spetra are normalized in the statistial (4 MeV � E � 6 MeV)region.has to be done by seleting a ommon angular momentum region in the initialompound nuleus. This is due to the di�erent limiting angular momentumfor fusion-evaporation assoiated with the two reations: Jlim ' 55~ in the16O ase ompared to the Jlim ' 70~ in the 48Ti one. The leanest wayto ahieve this task is to selet the same de-exitation hannel for the twohot nulei. In the present ase, the disrete  spetra show that we anleanly tag the p5n hannel whih orrespond to the 108In (16O + 98Mo)and the 106In (48Ti + 64Ni) evaporation residues. The omparison of thehigh energy -ray spetra in the p5n hannel reported in Fig. 1, shows thatthe spetra below E = 8 MeV display the same slope in both entranehannels. Furthermore, the distribution of the -ray fold k measured in theGASP inner ball for this exlusive hannel is very similar for both reations.The average value is hki = 14:6 (14.7) for 106In (108In) with a orrespondingFWHM of 9.5 (9.7).All these experimental observations demonstrate that when we selet thesame phase spae region of the initial ompound nuleus, the statistial part(below E = 8 MeV) of the -ray emission does not show any sensitivityto the partiular reation entrane hannel. This is not the ase when weonsider the emission of -rays with energy above 8 MeV. This is illustratedin Fig. 2, in whih we ompare the inlusive (i.e. in oinidene with the
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5 10 15 20Fig. 3. Linearized plot of the experimental high energy -ray spetra for the 16O-and 48Ti-indued reations. The spetra are normalized in the statistial (4 MeV� E � 6 MeV) region.fold k measured in the GASP inner ball) high energy -ray spetra for twofold k bins orresponding to the same angular momentum region enteredat � 52~ and approximately 10~ wide.As in the previous ase (p5n deay hannel), the seletion of the sameangular momentum region is demonstrated by the mathing of the low en-ergy tail of the spetra. The omparison learly show that a larger yieldis present in the GDR region (E �8 MeV) in the ase of the 16O + 98Mosystem, whih is haraterized by the larger N=Z asymmetry.To estimate this extra-yield we have onsidered the linearized high energy-ray spetra obtained by dividing the experimental spetra by a theoretialone alulated with the CASCADE ode with a onstant E1 strenght fun-tion. Suh linearized spetra are presented in Fig. 3. The -ray intensityintegrated between 8 and 20 MeV in this linear representation inreases bya �38% from the 48Ti- to the 16O-indued reation. The same inrease isobtained if we simply onsider the ratio between the yields Y GDR and Y statin the GDR (E � 8 MeV) and in the statistial (4 MeV � E � 6 MeV)region, respetively.



Entrane Channel E�ets in the Population of... 5473. Summary and onlusionsIn this work, we have ompared the high energy -ray spetra from thereations 130 MeV 16O + 98Mo and 240 MeV 48Ti + 64Ni, in oinidenewith -ray fold windows whih are supposed to selet a ommon angularmomentum region in the ompound nulei entered at � 52~ and 10~ wide.The omparison show that the -ray yield in the GDR region inreases by�38% when the 16O reation is onsidered. On the ontrary, it is found thatthe statistial part of the -ray spetrum at E � 8 MeV is not sensitive tothe reation entrane hannel. The latter observation is on�rmed by theomparison of exlusive spetra.The enhaned -ray emission in the 16O-indued reation is not a-ounted for by Statistial Model alulations performed with the odeCASCADE, whih predit negligible di�erenes in the high energy -rayspetra for the two entrane hannels. This suggests that the extra yieldevidened in the 16O + 98Mo reation is due to a soure whih adds to theompound nuleus deay.The possibility that the mass asymmetry in the entrane hannel ouldbe responsible for an extra-yield an be exluded. In fat, the absene ofe�ets related to the mass asymmetry is well doumented in a reent exper-iment on the 110Sn ompound nuleus populated with the reations 72 MeV18O + 92Mo and 163 MeV 50Ti + 60Ni [5℄.Contributions in the high energy -ray spetra due to inomplete fusionin the ase of the light 16O projetile an be also exluded as suggested bya reent investigation at beam energy of 11 MeV/nuleon [6℄.In onlusion, the results from our experiments an not be explainedwithout onsidering the possibility that the -ray yield enhanement in theGDR region is aused by the dynamis of the fusion between a target (98Mo)and a projetile (16O) with large N=Z asymmetry. As mentioned in theintrodution, the larger value of the enhanement with respet to the �ndingsof Ref. [2℄ ould be related to the higher beam veloity [3℄ involved in thepresent study.Further theoretial and experimental works are needed to exhaustivelyunderstand the dynamial e�ets in the fusion reations between heavy-ionsas a funtion of the N=Z asymmetry and the bombarding energy.REFERENCES[1℄ M. Thoennessen, J.R. Beene, Advanes in Nulear Dynamis, World Sienti�,Singapore 1992, p.1.[2℄ S. Flibotte et al., Phys. Rev. Lett. 77, 1448 (1996).[3℄ Ph. Chomaz, M. Di Toro, A. Smerzi, Nul. Phys. A563, 309 (1993).
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