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EFFECTS OF THE THIRD MINIMUM ON THE FISSIONCHARACTERISTICS IN THE ACTINIDE REGION�M. Csatlós, Z. Gá
si, J. Gulyás, A. KrasznahorkayA. Krasznahorkay Jr., Z. Máté, J. TimárInstitute of Nu
lear Resear
h of the Hungarian A
ademy of S
ien
es4001 Debre
en, P.O. Box 51, HungaryM. Heil, F. Kaeppeler, R. ReifarthFors
hungszentrum Karlsruhe, Inst. f. Kernphysik, 760021 Karlsruhe, Germanyand M. Fayez-HassanAtomi
 Energy Authority, Nu
l. Res. Center, Cairo, Egypt(Re
eived O
tober 29, 2002)The HD states were ex
ited in the 232Th(n; f) rea
tion. By studyingthe mass and TKE distributions in the 232Th(n; f) rea
tion, some e�e
t ofthe HD states was observed in the 
ase of 
old �ssion. The obtained data
an be understood by assuming a predi
ted heavy 
lusterization.PACS numbers: 25.85.�w, 25.85.E
, 27.90.+b1. Introdu
tionNu
lear �ssion is usually a very 
ompli
ated pro
ess involving large s
ale
olle
tive motion of nu
leons. Full theoreti
al understanding of this pro
essis still missing [1℄. It would be desirable to prepare experimentally a simplernu
lear state whi
h is already 
lose to the s
ission point and study its �ssionproperties.These states 
ould be the hyper-deformed states, whi
h were predi
tedmore than twenty years ago by Möller et al., [2℄ in the a
tinide 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 S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 3�10, 2002.(2119)



2120 M. Csatlós et al.An interesting observation in the shell model 
al
ulations is that theshape of 232Th nu
leus in the third minimum looks like a superposition ofthe shapes of a spheri
al heavy fragment around 132Sn and a well-deformedlighter fragment around 100Zr [7℄. Based on this, Shneidman et al., [8℄ de-s
ribed the HD states as mole
ular-like tou
hing dinu
lear 
on�gurations.The ni
e agreement between the experimentally determined moments of in-ertia and the 
al
ulated ones also supports the above 
on�guration. Su
ha 
lustering is a dramati
 manifestation of the nu
lear shell stru
ture at verylarge elongations.The aim of our investigations was to ex
ite HD states in the 232Th(n; f)rea
tion [3℄ and study the possible e�e
ts of these states on the �ssion 
har-a
teristi
s. 2. ExperimentIn order to study the e�e
ts of the predi
ted 
lusterization [7,8℄, the massand TKE distribution of the �ssion fragments were investigated from the232Th(n; f) rea
tion. The monoenergeti
 fast neutron beam was produ
edin the 7Li(p; n) rea
tion at Ep = 3:2�3.425MeV proton energies. The Van deGraa� a

elerator of Fors
hungszentrum Karlsruhe produ
ed 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 kineti
energy of the �ssion fragments was measured in a twin ionization 
hamber
onstru
ted in Debre
en. The parameters were similar to those publishedby Budtz-Jorgensen [9℄. The 232ThO2 target (12.6 
m2 � 100�g/
m2) waspla
ed into the 
enter plane of this dete
tor, whi
h was �lled with 90%Ar+10% CH4 gas mixture at 1 atm pressure.3. ResultsFor the binary �ssion events the two 
omplementary fragments werere
orded in 
oin
iden
e in the two 
hambers. By measuring the kineti
energy of the fragments the total kineti
 energy (TKE) and the mass dis-tribution were dedu
ed. The TKE as a fun
tion of the mass distribution ofthe �ssion fragments is shown in Fig. 1.A de�nite sharpening of the mass distribution at higher TKE values is
learly visible. The lighter fragment is 
entered around A = 100, the heavieris 
entered around A = 132. Sele
ting 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 fun
tion of thebombarding neutron energy with di�erent 
onditions in TKE.
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Fig. 1. TKE as a fun
tion of the mass distribution of the �ssion fragments.
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Fig. 2. (a) The width � of the mass distribution as a fun
tion of the bombardingneutron energy with di�erent 
onditions applied to the TKE. (b) TKE of the �ssionfragments as a fun
tion of the neutron energy 
al
ulated for di�erent mass-number
uts around A = 132. The verti
al arrows indi
ate the pla
e of HD resonan
eobserved 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 � de
reases at the resonan
eenergy, but the 
hange is only a few per
ent. After sele
ting fragments withhigher TKE, the fragments are less ex
ited, the �ssion is getting 
older, themass distribution is getting narrower. In the 
ase of the 
old �ssion, thefragments have high TKE, the � is de
reasing as a fun
tion of bombardingenergy and the smallest is at the resonan
e energy.The mean value of the TKE as a fun
tion 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, whi
h is mu
h smaller than the availableenergy 
al
ulated from the Q values. This means that the fragments arehighly ex
ited even at the resonan
e energy. Sele
ting a spe
i�
 mass regionaround A = 132, the TKE in
reases. Choosing a narrow region aroundA = 132, at the resonan
e energy the TKE is mu
h larger, indi
ating thatthe fragments are less ex
ited.4. Dis
ussion and 
on
lusionIt seems that hot �ssion always dominates the �ssion pro
ess and blur-res the possible e�e
ts of the HD states on the mass distribution. However,there is tentative eviden
e for the observation of the e�e
t of HD states for
old �ssion events. These e�e
ts 
an be understood by assuming a dinu
lear
luster 
on�guration for these states.This work has been supported by the Hungarian Fund for S
ien
e Re-sear
h (OTKA) No.N32570 and No.T038404 and it has been performed aspart of the resear
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hting voor Fundamenteel Onderzoekder Materie (FOM) with �nan
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