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EFFECTS OF THE THIRD MINIMUM ON THE FISSIONCHARACTERISTICS IN THE ACTINIDE REGION�M. Csatlós, Z. Gási, J. Gulyás, A. KrasznahorkayA. Krasznahorkay Jr., Z. Máté, J. TimárInstitute of Nulear Researh of the Hungarian Aademy of Sienes4001 Debreen, P.O. Box 51, HungaryM. Heil, F. Kaeppeler, R. ReifarthForshungszentrum Karlsruhe, Inst. f. Kernphysik, 760021 Karlsruhe, Germanyand M. Fayez-HassanAtomi Energy Authority, Nul. Res. Center, Cairo, Egypt(Reeived Otober 29, 2002)The HD states were exited in the 232Th(n; f) reation. By studyingthe mass and TKE distributions in the 232Th(n; f) reation, some e�et ofthe HD states was observed in the ase of old �ssion. The obtained dataan be understood by assuming a predited heavy lusterization.PACS numbers: 25.85.�w, 25.85.E, 27.90.+b1. IntrodutionNulear �ssion is usually a very ompliated proess involving large saleolletive motion of nuleons. Full theoretial understanding of this proessis still missing [1℄. It would be desirable to prepare experimentally a simplernulear state whih is already lose to the sission point and study its �ssionproperties.These states ould be the hyper-deformed states, whih were preditedmore than twenty years ago by Möller et al., [2℄ in the atinide region andidenti�ed experimentally by Blons et al., [3,4℄ in thorium isotopes and Krasz-nahorkay et al., [5, 6℄ in uranium ones.� Presented at the XXXVII Zakopane Shool of Physis �Trends in Nulear Physis�,Zakopane, Poland, September 3�10, 2002.(2119)



2120 M. Csatlós et al.An interesting observation in the shell model alulations is that theshape of 232Th nuleus in the third minimum looks like a superposition ofthe shapes of a spherial heavy fragment around 132Sn and a well-deformedlighter fragment around 100Zr [7℄. Based on this, Shneidman et al., [8℄ de-sribed the HD states as moleular-like touhing dinulear on�gurations.The nie agreement between the experimentally determined moments of in-ertia and the alulated ones also supports the above on�guration. Suha lustering is a dramati manifestation of the nulear shell struture at verylarge elongations.The aim of our investigations was to exite HD states in the 232Th(n; f)reation [3℄ and study the possible e�ets of these states on the �ssion har-ateristis. 2. ExperimentIn order to study the e�ets of the predited lusterization [7,8℄, the massand TKE distribution of the �ssion fragments were investigated from the232Th(n; f) reation. The monoenergeti fast neutron beam was produedin the 7Li(p; n) reation at Ep = 3:2�3.425MeV proton energies. The Van deGraa� aelerator of Forshungszentrum Karlsruhe produed the 50 �A pro-ton beam bombarding a 200 �g/m2 metalli Li target providing an energyresolution of better than 16 keV at the position of the 232Th target. The aver-age neutron �ux at the Th target was � 1:8�106 neutron/m2s. The kinetienergy of the �ssion fragments was measured in a twin ionization hamberonstruted in Debreen. The parameters were similar to those publishedby Budtz-Jorgensen [9℄. The 232ThO2 target (12.6 m2 � 100�g/m2) wasplaed into the enter plane of this detetor, whih was �lled with 90%Ar+10% CH4 gas mixture at 1 atm pressure.3. ResultsFor the binary �ssion events the two omplementary fragments werereorded in oinidene in the two hambers. By measuring the kinetienergy of the fragments the total kineti energy (TKE) and the mass dis-tribution were dedued. The TKE as a funtion of the mass distribution ofthe �ssion fragments is shown in Fig. 1.A de�nite sharpening of the mass distribution at higher TKE values islearly visible. The lighter fragment is entered around A = 100, the heavieris entered around A = 132. Seleting di�erent onditions in the TKE of thefragments, the mass distribution was analyzed and �tted by two Gaussianswith equal width and hight. The � is shown in Fig. 2(a) as a funtion of thebombarding neutron energy with di�erent onditions in TKE.
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Fig. 1. TKE as a funtion of the mass distribution of the �ssion fragments.
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Fig. 2. (a) The width � of the mass distribution as a funtion of the bombardingneutron energy with di�erent onditions applied to the TKE. (b) TKE of the �ssionfragments as a funtion of the neutron energy alulated for di�erent mass-numberuts around A = 132. The vertial arrows indiate the plae of HD resonaneobserved by Blons et al., at 1.6 MeV neutron energy [3℄.



2122 M. Csatlós et al.In the ase of the whole TKE range, the � dereases at the resonaneenergy, but the hange is only a few perent. After seleting fragments withhigher TKE, the fragments are less exited, the �ssion is getting older, themass distribution is getting narrower. In the ase of the old �ssion, thefragments have high TKE, the � is dereasing as a funtion of bombardingenergy and the smallest is at the resonane energy.The mean value of the TKE as a funtion of the bombarding energy isshown in Fig. 2(b). The average value of the TKE for the whole mass region(A = 125�155) is about 164 MeV, whih is muh smaller than the availableenergy alulated from the Q values. This means that the fragments arehighly exited even at the resonane energy. Seleting a spei� mass regionaround A = 132, the TKE inreases. Choosing a narrow region aroundA = 132, at the resonane energy the TKE is muh larger, indiating thatthe fragments are less exited.4. Disussion and onlusionIt seems that hot �ssion always dominates the �ssion proess and blur-res the possible e�ets of the HD states on the mass distribution. However,there is tentative evidene for the observation of the e�et of HD states forold �ssion events. These e�ets an be understood by assuming a dinulearluster on�guration for these states.This work has been supported by the Hungarian Fund for Siene Re-searh (OTKA) No.N32570 and No.T038404 and it has been performed aspart of the researh program of the Stihting voor Fundamenteel Onderzoekder Materie (FOM) with �nanial support from the Nederlandse Organisatievoor Wetenshapelijk Onderzoek (NWO).REFERENCES[1℄ C. Wagemans, The Nulear Fission Proess, 1991, CRC Press.[2℄ P. Möller et al., Phys. Lett. B40, 329 (1972).[3℄ J. Blons et al., Phys. Rev. Lett. 35, 1749 (1975).[4℄ J. Blons et al., Nul. Phys. A477, 231 (1988).[5℄ A. Krasznahorkay et al., Phys. Rev. Lett. 80, 2073 (1998).[6℄ A. Krasznahorkay et al., Phys. Lett. B461, 15 (1999).[7℄ S. �wiok et al., Phys. Lett. B322, 304 (1994).[8℄ T.M. Shneidman et al., Nul. Phys. A671, 119 (2000).[9℄ C. Budtz-Jorgensen et al., Nul. Instrum. Methods A285, 209 (1987).


