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BREMSSTRAHLUNG RADIATION IN HEAVY-IONCOLLISIONS 18O + 27Al ! 45S AT 8.3 MeV/u�M. Kii«ska-Habiora, K.A. Snoverb, J.A. BehrbZ.M. Drebib and O. KijewskaaaInstitute of Experimantal Physis, Warsaw UniversityHo»a 69, 00-681 Warsaw, PolandbNulear Physis Laboratory, University of WashingtonSeattle, WA 98195, USA(Reeived November 20, 1999)High energy -ray spetrum and angular distribution for the 18O + 27Alreation at 8.3MeV=u have been analysed assuming the statistial deay ofgiant dipole resonane and the nuleon-nuleon bremsstrahlung emission.Simple paraboli energy dependene of the inverse slope parameter E0(E)has been proposed. The bremsstrahlung ontribution was estimated alsoat 6 MeV=u and found to be negligible.PACS numbers: 24.30.Cz, 25.70.�z, 23.20.�g1. IntroduionHigh-energy -rays emitted in heavy-ion reations at projetile energiesin the range of Eproj=A = 6�15MeV=u originate mostly from statistialGDR deay and nuleon-nuleon bremsstrahlung during the initial stages ofthe ollision proess. In mass�assymetri reations, as 12C + 24;26Mg and12C + 58;64Ni, those two types of -ray emission have been disentangledby the angular distribution measurment [1℄. It was shown that the data,when properly analyzed, give an information on the GDR built on exitedstates as well as on the bremsstrahlung proess. The 18O + 27Al reation isnearly mass-symmetri, thus the a1 oe�ient extrated from the measuredangular distributon is lose to zero whih makes the method less sensitive.The intention of this report is to estimate an amount of the bremsstrahlungross setion in the 18O + 27Al reation at 8.3 MeV=u by using the same� Presented by O. Kijewska at the XXVI Mazurian Lakes Shool of Physis, Krzy»e,Poland, September 1�11, 1999. (423)



424 M. Kii«ska-Habior et al.method as for mass-asymmetri reations, and to show how it may in�u-ene the extrated GDR parameters. The 18O + 27Al ! 45S reation wasalready measured and analyzed at Eproj=A = 2:5�6MeV=u [2℄ in order tostudy the nulear shape evolution. It was found that at very high rotationthe equilibrium shape undergoes a shape transition from oblate to triax-ial, approximately prolate in agreement with the liquid drop model. Thebremsstrahlung emission has not been inluded in the analysis sine at solow projetile energies a negligible value of the bremsstrahlung ross-setionwas obtained from a very simple estimate. In order to onlude about thebremsstrahlung ontribution in the 18O + 27Al reation, the reation hasbeen measured for higher energy Eproj=A = 8:3MeV=u [3℄ where impor-tane of the bremsstrahlung proess is larger.2. CASIBRFIT assumptionsIn this work, the measured data for the 18O + 27Al reation at Eproj=A= 8.3 MeV=u [3℄ have been analyzed using CASIBRFIT ode [4℄ whih in-luded statistial GDR deay and bremsstrahlung proesses. In order totake advantage of the experimental onstraint whih is the a1(E) depen-dene on E energy, the angular distribution oe�ients A0(E) and a1(E)have been �tted simultaneously in the �tting proedure as it was done formore mass-asymmetri reations 12C + 24;26Mg and 12C + 58;64Ni [1℄. Thestatistial deay has been alulated aording to CASCADE ode with theisospin orretly inluded, level density in the Reisdorf approah and the spindependent moment of inertia. It was assumed that in the nuleon-nuleonCM frame the bremsstrahlung emission has an isotropi angular distribu-tion and the total ross�setion �brem = �0 exp(�E=E0). An inverse slopeparameter E0 was allowed to vary with E , sine it was found neessary inorder to reprodue the inrease in a1(E) with inreasing -ray energy formass�assymetri reations [1℄.3. BUU alulationsThe harater of the E0(E) dependene was estimated qualitatively onthe basis of BUU (Boltzmann�Uehling�Uhlenbek) nulear transport equa-tion. BUU alulations have been performed for 18O + 27Al at Eproj=A =8.3 MeV=u for di�erent impat parameters b = 0 to 8 fm with the odesupported by Wolf [5℄. At this low projetile energy the time evolution ofphoton emission probability P (E ; b; t) at various impat parameters b ex-hibits pronouned peak below 100 fm/ (Fig. 1) whih is due mostly to theinitial nuleon�nuleon ollisions, and also some struture at a later timewhih we assume is already inluded in the statistial model alulations.
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Fig. 1. Time evolution of photon emission probability at impat parameter b = 2fm and photon energy E .
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Fig. 2. Bremsstrahlung ross�setion as a funtion of E energy.The BUU ross�setion is then alulated as an integral over the time or-responding to the initial ollisions and the whole range of impat parameter:�BUU(E) = 2� R P (E ; b; t)bdbdt. It was then �tted with an exponentialformula �BUU(E) = �0 exp(�E=E0) in order to extrat an inverse slopeparameter E0. As it is seen in Fig. 2 the �BUU(E) annot be reprodued
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Fig. 3. BUU alulations: energy dependene of an inverse slope parameter E0.with a single E0 value in the whole range of E = 10 � 65MeV=u. The E0value extrated for di�erent energy intervals hanges by about 34%. Thisbehavior an be ompared with the results of similar analysis (Fig. 3) for12C + 24;26Mg and 12C + 58;64Ni reations studied earlier [1℄. Similar E0(E)dependene was observed experimentally for Kr + Ni at higher projetileenergies [6℄. In this work a simple paraboli energy dependene is proposedto reprodue hanges of E0(E) value found from BUU alulations for 18O+ 27Al reation.4. Results of the CASIBRFIT alulationsThe CASIBRFIT alulations for 18O + 27Al reation have been donewith a double Lorentzian GDR strength funtion beause of large deforma-tion of 45S suggested by the results at 2.5 - 6MeV=u [2℄ and by the measureda2(E) oe�ients at 8.3 MeV=u. An energy dependent E0(E)[MeV�1℄ =E00(1 � 0:0024E � 0:000055E2 ), where E and E0 in MeV, was used a-ording to the results of the BUU alulations. The �ts were done with6 variable parameters: S1;�1; S2;�2; �0; E00 and �xed values of EGDR1 andEGDR2 hosen as found at lower exitation energies of 45S [2℄. High-energy-ray spetrum, the a1(E) oe�ient, and the GDR strength funtion, �t-ted as well as experimental are shown in Fig. 4. The GDR parametersextrated from the best �t, with and without the bremsstrahlung proessinluded, are shown in Table I.



Bremsstrahlung Radiation in Heavy-Ion Collisions... 427TABLE IFitted bremsstrahlung and GDR parameters�0 E0(30MeV) hEGDRi EGDR1 S1 + S2 S2 �2[MeV℄ [MeV℄ EGDR2 S1 �10 � 18.1 1.55 0.90�0.10 0.31�1.01 1.18�2.10.79�0.06 4.4�0.5 18.1 1.55 0.89�0.10 0.31�0.58 1.56�1.28
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Fig. 4. CASIBRFIT alulations for 18O + 27Al at Eproj=A=8.3MeV=u: Measuredand �tted -ray spetrum �(E) (upper solid line � total, lower solid line � sta-tistial ontribution, dashed � bremsstrahlung ontribution), a1(E) oe�ient,absorption ross-setion �abs(E) and a2(E) oe�ient.5. ConlusionsIt an be seen that the GDR parameters extrated from the data for18O + 27Al at Eproj=A = 8.3 MeV=u are only slightly in�uened by inlu-sion of the bremsstrahlung proess. Only the width of the seond GDRomponent is signi�antly inreased. The inverse slope parameter E0(E =30 MeV) extrated from the �t is in agreement with the systemati [7℄.The bremsstrahlung ontribution was also estimated at 6 MeV=u and it wasfound to be negligible. We plan to ontinue this analysis in order to estimatean in�uene of a possible inomplete fusion proess on the GDR parameters.
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