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INFLUENCE OF THE INITIAL SPIN DISTRIBUTIONON THE DECAY OF COMPOUND NUCLEI� ��K. Pomorski, W. PrzystupaTheor. Phys. Dept., University of Maria Curie-SkªodowskaM. Curie-Skªodowska 1, 20-031 Lublin, PolandJ. BartelInstitut de Reherhes Subatomiques et Université Louis PasteurStrasbourg, Franeand J. RihertLaboratoire de Physique Théorique, Université Louis Pasteur,Strasbourg, Frane(Reeived January 13, 1999)The ompetition between �ssion and n, p and �-partile emission andfusion proess is studied. The alulations are performed for 160Yb and126Ba nulei at exitation energies from 80 MeV up to about 300 MeV.The nulear �ssion is desribed by a Langevin equation oupled to theMaster equation for partile evaporation. A signi�ant in�uene of theinitial spin distribution of the ompound nuleus on the presission partilesmultipliities is found.PACS numbers: 24.75.+i, 25.60.Pj, 25.70.�z1. ModelWe desribe the �ssion proess in a dynamial model [1℄ whih introduesthe evolution of the motion of olletive variables by means of a Langevinequation with a frition term. This term takes are of the oupling of theolletive with the intrinsi degrees of freedom and inludes di�usion throughan Einstein relation.� Presented at the XXXIII Zakopane Shool of Physis, Zakopane, Poland, September1�9, 1998.�� This work is partly supported by the Polish Committee of Sienti� Researh underContrat No. 2 P03B 011 12. (809)



810 K. Pomorski et al.The emission of light partiles (p, n, �) prior to �ssion is taken intoaount. At eah time step of the lassial trajetory followed by the ol-letive oordinate the possible emission of a partile from the nuleus withits atual deformation, exitation and rotational angular momentum is de-termined through a random proedure. If the answer to the test is positivethe type of the partile as well as its energy are �xed by some additionalrandom proedures. The energy is drawn from a distribution onstrutedfrom the deay widths obtained in the framework of the Weisskopf theory.2. AppliationWe have applied this model to the study of symmetri �ssion of di�er-ent isotopes of Gd and Yb at various exitation energies ranging from 150to 300 MeV and di�erent angular momenta of rotation of the ompoundnuleus. In order to obtain physial observables like partile multipliitiesand energy spetra of light partiles, we followed a sizeable set of olletivetrajetories (� 106) from the ompound nuleus (with exitation energiesand angular momenta taken from initial distribution whih were determinedseparately [2℄) up to a point, where the system has either �ssioned or endedup as a evaporation residue. The observables are obtained as averages overthe whole set of values obtained from the trajetory alulations.3. Results160YbTable I shows the multipliities of light partiles obtained for two di�er-ent exitation energies. In order to alulate � multipliities one needs toTABLE IMultipliites of the pre�ssion partiles emitted by 160Yb at two exitation energiesE� = 251 and 293 MeV. The experimental data are taken from Ref. [3℄.E�=251 MeV E� = 293 MeV� model exp. model exp.n 5.98 6.10� 1.5 7.80 8.50� 1.6p 0.94 0.51� 0.07 1.19 0.70� 0.08� 0.58 0.48� 0.07 0.66 0.75� 0.08



In�uene of the Initial Spin Distribution... 811introdue a preformation fator f� of the � partile inside the nuleus priorto emission. Here this fator was empirially �xed to f� = 0:2.

Fig. 1. Fission yield of 160Yb at two exitation energies E� = 251 and 293 MeV asa funtion of angular momentum L.Fig. 1 shows the yield of �ssion events relative to the total number ofevents whih inludes partile evaporation from fusion residua. As expeted,this yield grows very rapidly with the angular momentum.126BaTable II shows the alulated light partile multipliities. They shouldbe ompared with experimental results whih are expeted to be availablein the near future. TABLE IIThe same data but for 126Ba at di�erent exitation energies studied in Ref. [4℄.Reation Elab E� Mn Mp M�MeV MeV - - -204.0 131.7 2.29 0.03 0.7928Si + 98Mo 187.2 118.5 1.71 0.00 0.09165.8 101.4 1.83 0.00 0.04142.8 84.1 0.27 0.04 0.8819F + 107Ag 147.8 118.5 1.99 0.00 0.16128.0 101.5 1.80 0.01 0.06



812 K. Pomorski et al.This nuleus has a very high �ssion barrier. Fig. 2 shows the fusion andthe �ssion yields in the initial angular momentum distributions whih werealulated for two di�erent entrane hannels (28Si + 98Mo and 19F + 107Ag)and di�erent bombarding energies. As it an be seen, the �ssion yields arerather small and loated in the tails of the distributions. The energy ontentof the system if dominated by rotational energy.
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Fig. 2. The di�erential fusion (solid lines) and �ssion (bars) ross setions for theompound nuleus 126Ba for di�erent entrane hannel reations.



In�uene of the Initial Spin Distribution... 8134. ConlusionsIn the ase of 160Yb we �nd a nie agreement between the results of ourmodel alulations and the experimental results. The agreement should beon�rmed by a more mirosopi determination of the � partile preforma-tion fator.The alulations show a strong in�uene of the nulear deformation onlight partile evaporation from exited nulei. This in�uene plays also animportant role in the ompetition between �ssion and light partile emissionfrom fusion residua. The knowledge of the relative �ssion yield ould giveus some information about the frition fore.The �ssion probability depends also very sensitively on the angular mo-mentum. This shows that a preise knowledge of the angular momentumdistribution of the initial ompound nuleus is needed.Finally one may also mention that for 160Yb we �nd that partiles inoinidene with �ssion are, on the average, emitted at larger deformationsthan those emitted by evaporation residua. It would be nie to hek thispoint by means of the experimental angular distributions of these partiles.REFERENCES[1℄ K. Pomorski, J. Bartel, J. Rihert, K. Dietrih, Nul. Phys. A605, 87 (1996).[2℄ K. Pomorski, W. Przystupa, J. Rihert, Ata Phys. Pol. B25, 751 (1994).[3℄ M. Gonin et al., Phys. Rev. C42, 2125 (1990).[4℄ DEMON Collaboration on Pre�ssion Neutron Emission.


