
96'- {90-

Yu.V.Pyatkov1, G.G.Adamian, N.V.Antonenko, 
V .G. Tishchenko 

CLUSTER APPROACH TO DESCRIPTION 

OF FISSION MODES* 

Submitted to «Nuclear Physics A» 

E4-96-190 

1Moscow Engineering Physi'cs Institute, Moscow, 115409 Russia 
*This work is supported in part by the Russian Foundation 
for Basic Research, grants no.96-02-17674 and 95-02-05684 



. '· ·- .. ,, 
; / - :""~' 

' / 
' .. . . 

·'' 

J ' ' :; 

1. · .Intfoduction ·.> . :. 
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Recent iute1isive · iiivestigatious' esscuti~tlly -·ei;i·i~he~l'-thc ·knm'<;ledgc 
:~bout ~nanifest'ationof the chtste~:dcg~·ecl(offre~d~m-ihljgllt n-:c~nster 

· nuclei. 'It is reasoilable tospeak •.;,bout 'the llUclear Iifolecu}~.as· the ob-~ 
j~ct of st4'dy [l,2} .. Tlie inve~~igation~ of the clu_stc~ degree~~of fr~cdb!u· 
in heavy Iiuclei·are still conjtig~ted with hirge experimental ltfld 'tll.e-

. oretical: difficulties. Howeyer, some. exp~rimentaLclata o1i fission- of ··. 
bDth tlie p1:e~ctinid~ and actinide .. miclei c~ii be ~aturally tr~ated in : 
cluster'teni1s: 1'he ~trohgly bomid~d ft:agmerits (with al_m9st. Closed 
shells) talc~ there the rolnof chistet;s:· Tl~c·.~etl-known examplc,ofsuc:h . 
·a kind ·i~ ·the. depe~detice of Hie )nultii>licit.y 'of' ~lcptl'otl' Clllissiou 'ml.·' 
the ·m~1ss of the~ fission fragment; (fF(iu low-energy fissi({u- (Terrell . 
curve !3]). ~-For tlH~ :FF-tl~it i; close .to; the· sl!ell-nuclc! i_~l the, vi~i~:~i t.y· 

I of the mas's rtiunhcrs A[[ ~ 130 and AL ~ 82; the_nehtroxi Iimltiplicity 
. '' '' \ ·, . ' . ·,' . - .:. ' . ' ' '' . . ' ' . . ' ' : '; -
·is eqttal to ze;ro'v,:ithh1 the etTor,b<trs (Au and Ai, arcthc tnass nuni-
ber; of the lwiwy ~Ild light FF, respecti\r(:ly). This .plC~tllS that' in auy 
configttra.tfon Qfthe fiss~oning system: sucli.FF h<w~n~>.tcuouglrexci
tation energy f~r the n<;mtroli,~missioil:;As;~ res{tlt

1
' we car1 assu~11C~ 

. that the in·efonnation/ of these~F.F. ~ccl1rs 'a~ eariy :stages. of.· fission .. 
< <, ~ '·'.' •• ,--'_", ••• ~ ,-.·· -~ <, __ -· ~---!__..-'- .• .~ - f 

These cluster~ like pt;efragnicnts reruain t(n(::hangeable ,in· the further · 
- . _. . ~ ", ' I, - . . . •.• . • 

evolution <>f the fissioniugsystem. · BasGd_ oti the'·study or' the neutron 
-emlssi'ou· in Jhe spont<meous 2S,2Cf iis~ibi1 [( 5: 6], ~he hidiCati~u of 
the vali~ity of the ~bove ass~inption w<is obtained f~r th(~ fragll!ents 
with the mas~.Il.umhers Au N 130 and AI, , .. _;so, go: Th~ ncxt·exam!)le 
. cmicetps the fissi~u o'f tl~~ Jiucl~i)ighfer titan Th~· As'waS _ est~bllshed 
in [7], the asyn!metric tnass coiupouents with A.1j~::134 ju. th~·FF 
.mass' distt;ibuti~ni:··app~a~· only.forthe· fiskioning. nlidei ~'~it.ii A ·{·200 
• an'i/ or Z -~ 8.0. Th~ vi11~ishing o,f th~ ·a.~jrnunetri~ n:1~ss dmipoii,~xits 
for' the heavier fissioil nuclei· believes to. be caused by the' shell effects 
-in the fn1gnieut.s. The 'l{eavy fragment i~ for!ned under ti1~ dfect of 
the ~pheri~al shells' with. Zi/= 'so and Nn'-~ s2. Tli~ ;lllass- of the 
light f~·agment. is define<i b.;;, th~_:-nfas~ of _tl~e nttcle,us 'vith~ tl~e ·Clos~d 
~either sph~r~cal·sh~ll (Zi -.:.:,28,.NL. =50) .or defomiedsliell (ZL,'-:-'.30, 
NL ,= 44) [8; 9] .. ::therefore, t.he smil o( the,FF ~IlfL~~es' is ai)proxiiiHttely 

- eciual. to .the lwr:derline it!a~s value· discussed. ' .. ·- ·. ': 
. . I ·, . . 

. .< . 2 
.:;._ 
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The strong similarity between the symmetric high-energy mode of 
the Fm-No fission with extremely small mass variance of the FF and 
the asymmetric mode a1 in the fission of the' nuClei in. the vi.cinity 
of A = 210 is noted in [9]. The symmetriC fission mode assumed to 
be resulted from the preformation of two double !migic 132Sn nuclei. 
For the nuclei with A ~ 210, th,e configuration consisting from the 
two. spherical .fragments can be obtained with the replacement of one· 
132Sn nucleus in the previous case by the double magic 78Ni nucleus. 

The presented qualitative picture is supported by the calculations 
based on the Woods-Saxon-Strutinsky modelinvolving many deforma
tion degree~ of freedom [10] .. It was shown that the density distribu
tion and the shape of the fission nucleus at large elongation. (in third 
minii~mm) look like a eli-nucleus. Such a clusterization is a dramatic 
manifestation of the shell-structure role in the fission of heavy nuclei. 

Besides the cluster aspects connected with the formation of the 
FF, th~r~ are indic~tions of.the light-cluster,formation in the contact 
region between heavy nuclei [11 ] .. 

The. recent experimental data presumably, indicating the clusteri
zationof the fissioning 234U* n~cleuswere presented in Ref. [12]~ The 
Ref. [12] deals with the fine structures.of,the FF ·ma.Ss (M) .:_ total 
kinetic energy. (T K EJ, distributions. By notation, ·the local areas of · 
the two-dimensional distribution with increased yields of the FF, as 
compared to:the ones supplied by the smoothed global distribution, 
are treated as the fine structure (see Fig. J). The fine structures 'in· 
the form of the. ridges having a small slope to .the energy axis in the 
TKE-M distributionof 234U* :were demonstrated in Refs. [13, 14]; The 

" conclusion. about their origination, mainly from the proton odd-even 
effect, .was made. This effect is the strongest one, however it is not 
alone in producing the fine structure. For the extraction of the struc
ture .shown in Fig. 2, the total TKE-lVI distribution in the cuts was 
smoothed at M = canst. The smoothed distribution was subtracted' 
from the initial one. This procedure has a mirumal sensitivity to the 
structures produced by the proton odd-even effect because the· direc
tion of the cuts, along which· the smoothing occurs, is approximately 

~-:~~-- ..:::-:: .-.. ~ .... ._;,~; 
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parallel to the dir.ection of the ridges produced by the odd-:even effect. 
Using this procedure, the fine structure which has different nature as 
compared to structure pro~uced by the odd-even effect was subtract
ed. We .will try to interpret this structure in the framework of the 
cluster model presented below. 

2 Cluster-like configurati<,>ns in the fissioning nu-
cleus -~· 

The phenomenological cluster concept of the low-excited heavy-riuclei 
fissionbeing the development of the earlier models [15, 16] was sug- · 
gested in [17, 18] to take into consideration the new experimental 
and theoretical results obtained from several fields. The fields consid
ered are: the specific manifestation of tne· shell' effects in the nuclear 
fission, the data on the clusterization in a-cluster systems, the calcu
lations indicating the multimode character of the fission, as well as the 
theoretical models of the cluster decay. The integration of these ques
tions is based on the as'surription about the ge'nerality of the physical 

. mechanisms determining the behavior of all' nuclear systems where the 

. cluster degrees of freedom are important. The paper'at hand aims t~ .. 
provide a quantitative verification of the concept mentioned. 

. Refering to .Ref. [18]let us assume th~t, for some 'elongations, the 
fissioning system is transformed to the one consisting of two large 

··clusters connected by a neck. The large clusters are assumed to be 
the strongly bounded shell n~clei, ·for example, 132Sn and 8~Ge .. The 
nucleons in the neck are also joined into the clusters among which the · 
a-particles are preferable. With the descent from the fission barrier, 
the large clusters retain their individual properties, and the elongation 
of the system is caused by the elongation of the neck. The elongation 
of the clusterized neck means the rearrangement of a-particles between 
the two large clusters.' The different neck scissions are responsible for 
the formation of the different FF. The fission mode is thus determined · 
by the large clusters. The preformation of different pairs of the large 
clusters is the reason of.the multimodality of the nuclear fission. This 
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paper is aimed to estimate quantitatively tlie characteristics of the 
fissioning system within our approach based on the two key points: 
the preformation of two large clusters gives rise to the fission ·mode; 
the neck between the large clusters clusterises predominantly on a

particles. 
Based on the experimental i~dications mentioned above, the prob

able mode in the thermal neutrons that induced the fission of 233Uand 
235U was chosen for particular calculations. In this mode, the fission
ing system represents two large clusters 132Sn, Ge and five a-particles 
(2°N e) between them. The ~onfigurations investigated are schemati
cally presented in Table 1. All configurations with labels from 1 to 
lld are constructed using the following rule: the distanc~ between 
the nearest edges of the large clusters is a multiple of the a-particle 
diameter; at fixed elongation of the system the a-particles, which are 
not included in the chain connecting the large clusters, ca.n be in the 
positions to maximize the attractive forces raised by the nuclear inter
action. The purpose of the comprehensive consideration of all possible 
configurations was out of this paper. We would like only to demon:: 
strate the validity of the assumption on the clusterization that takes 
place in the fissioningnucleu~ 'in the description of the experimental 
data. 

For the given cluster configuration, t~e potential energy of the sys
tem and total kinetic energy of the fragments are calculated as a func
tion of location of the scission point along the neck. The potential 
energy of the cluster configuration consisting ()f n ·clusters is deter
mined as follows 

n n 

Vint = L Uij(ri- rj) + L Bi- Bo,. (1) 
i>j i=l 

where Uij(ri...:.. rj) is the potential energy of the interaction between 
the "i" and "j" clusters, Bi is the binding energy of the cluster "i", 
Bo is the binding energy of the fissioning nucleus in its· ground state. 
The origin of the coordinates for Vint coincides with the energy of the 
ground state of the fissioning nucleus. The cluster-cluster potential 
depends on the Coulomb and nuclear interactions between the "i" 

5 



Tablel: TKE for some configurations of the fissioning system 236u* 

label 
Sci~llinn TKE Sci"~ion TKE Scission 

label label 
TKE 

confiJZ;uration M .. N confie:uration M" confi~>:uration MeV 

Sc CJx:?() 141 ()&() lOa 151 

-(-<:;;~ Sd CY.xx() 138 CJx2D lOb 149 
~· 

<=W 
Sa' OxD 130 Q2x() . 10c 137 

C#(J' 
C() 

Sb' 135 C)x2x() 1 196 
lOd 132 

()x#() ·es 5c' 138 lla ()xx2() 153 
1' 172 ~ 5d' 143 llb ()xK) 

'8:8 
139 

6a 135 

2a 0() 209 lie 0?2() 136 
6b 132 

2a' co 185 lld Om() 130 
6c 

CEO 
126 -CftO 3a 193 ~ I 

. "~ 

cjQ (?xn:{J 
1?? -ffi-

3h 190 6e 121 

CX) 
00 ci=D 

12a 206 
3a' 171 6f 117 

030 60 7a ()gx(),· 
12b A84 

3b' 178 
169 

0() OK) 
12c 183 

4a OPO 166 7b 168 . OK), 
GD C)gc() 12d 171 

4b 165 7c 150 -·d()-
Ox() 

Sa 00 172 
4r. 160 

cY.g() w 
QxO 

8b 157 en 4a' 
147 

CWO 
13a .193 

CY.O 
8c 149 0() 

4b' 
154 9a ()2=() 

13b 168 
149 

4c' Ox() 158 
9b CPD 3'a C»> 182 

147 

Sa ()hx() 148 Cfo.x() 14a ~ 9c ( 164 

CJxxD 
142 

5b 145 9d ()2xx() 14b 0=0 132 145 
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and "j" nuclei: 
Ui1·(ri1·) = u~ + u~ l) . t). (2) 

The Coulomb potential UFJ can be easily calculat~din .accordance 
with Ref. [19]. Foi· calculation of the nuclear interaction U{j, the 
double folding method is used: · · 

N J . .. 
Uii (rij) = Pi(ri)pi(R- ri ).F(ri- ri )dridri. (3). 

Here Pi and Pi are the nucleon densities of the interacting nuclei. The 
density dependent nucleon-nucleon interaction is taken as · 

, [ Po(ri) _ ( Po(ri))] .F(ri- rj) = C Fin--· + Fex 1- --. 8(ri- rj),. 
Poo . . Poo 

(4) 

where N and Z are the neutron and proton numbers of the nucleus, 

, Ni - zi Nj - zj 
F,·n ex = fin,ex + fin,e.x A· - A· · · 

' I . , ) 

·Interaction ( 4) is well-known in the theory of finite Fermi-systems [20j, 
giving a good description of a. large set of the experimental data. In 
( 4), Po = Pi+ Pi. This approximation is good for a small overlap of the 
nuclei. The nuclei overlap slightly in cluster configurations. discussed. 
The following set of parameters was used in our calculations: C = 
300MeVfm3

, Poo = 0.17fm,-3
, lin= 0.09,'fex = -2:59, lin= 0.42 and 

J;x = 0.54. 
For.the nuclei with A > 16, the nuclear density was t<iken as follows: 

Poo 
Pi= 1 + exp [(r- Ri)/ao]' 

were Ri = r0AV3 is the radius of the nucleus "i". For lightnuclei, the . . . 

following fun~tional dependence for the density is more realistic 

I ' - 2r2 ' ( 
2)3)2 ; 

pi(n) =Ai --;. e 1
· '· 

In our calculations, we used the following values of the parameters: 
ro = 1.12fm and ao = 0.54fm. The value oftlu~ panimeter 1 'vas varied· 
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from 0.5 fm- 1 for 160 up to 0.671 fm- 1 for 4He. For calculation of the 
interaction between the two deformed clusters (Ri = Roi(1.+,BiY2o)), we 
used the results of Ref. [21]. The values of the deformation parameters 
!3i were taken from the tables of [22]. We should note that this method 
of calculation of the nucleus-nucleus potential was successfully used in 
determining the potential energy of the dinuclear systems formed in 
the deep-inelastic collisions of heavy ions [23]. Due to the density 
dependence of the nucleon-nucleon interaction, the potential Uij(Tij) 

-' 
has a repulsive core. For the majority of the pairs of the interacting 
nuclei, there is a pocket in the Uij( Tij) dependence on Tij with a bottom 
corresponding to the intercenter distance Tij = Ri + Rj + 0.5 fm. In 
our calculations of the potential energies of cluster configurations, the 
distance between touching clusters corresponds to the bottom of the 
potential pocket. The binding energies Bi and B0 were taken from [22]. 
For illustration, the calculated interaction potentials in the a-particle-
82Ge and 82Ge-132Sn system are depicted in Fig. 3. 

The calculation ofT J( E as a function of the scission point along the 
neck was performed as follows. If the fissioning system is disintegrated 
into the .4 and B FF, then 

TKE c:=' t_ Uii, 
( iEA) 

jEB 

where the values of Uij are calculated at a moment of the scission. It 
should be stressed that the scission criteria is not considered in the 
present model. Therefore, the dependencies of 'Vint and T J( E on the 
FF mass can be calculated, however the model is not able to predict 
the yields of the FF. 

3 Results and discussion 

The important characteristics of the fissioning systems 233U and 235U 
were calculated according to the model described above. First of all, 
the total interaction energy for the sequence of the elongating con
figurations was evaluated. Beside this, the total kinetic energy values 
were. calculate~ (see Table 1) for different places of the scission (labeled 

,. 

') 

by vertical lines) in each configuration. The calculated T J( E values 
were compared with the experimental data on the fine structure of 
the TKE-M distributions of the 234U* FF (Fig. 4) that were mea
sured using the time-of-flight spectrometer at the reactor of Mos·cow 
Engineering Physics Institute [24]. The complete analysis of the fille 
structures observed (the lines marked by letters A, B and structures 
Fin Fig. 2) is out of the fra~e of this work and will be given;in the 
forthcoming publications. As of now. we note that the T K E values 
(Table 1) for configurations with three a-particles between large clus
ters are well grouped near the line of the fine structure labeled by letter 
"a". For configurations with four a-particles between large clusters, 
the T K E values· lie slightly below the line "b" of the fine structure. 
The T J( E values for configurations with a neck formed from the chain 
of five a-particles can not be compared with the experimental data be
cause the statistics is too little in this region of the spectrum. The 
strong manifestation of the fissioning syst.em configurations, in which 
the distance between the large clusters is a multiple of the a:. particle 
diameter, is seen in Fig. 4 and requires a discu~sion.' 'There: are: some 
reasons for the preferential production of the FF 'from the decay of 
these configurations. For a given sy13tem elongation, the general num
ber of.configurations, when not ~ll a-particles are responsible for the 
integrity of the system, is essentially more (for example, the configu
rations 4,7, and 8) than one in the case when all a-particles supply 
this integrity (the configuration 3'a). There are no "free" a-particles 
in, the configuration 3' a to organize' the other configurations by the re.:. 
arrangements of alpha~particles along the alph~-chain. Therefore, the 
statistical weight can be more for the configurations with the interclus~ 
ter distance proporti~nal to the a-particle diameter .. For these states, 
the scission probability can be larger as compared to 'the state without 
neck clusterization due to the multitude of the· points preferable for 
the scission. 

The subsequent comment concerns the' .·discrete charact.er of· the 
lines "a" and. "b" in the fine structure (Fig. 4). In our model; the 
scission in the neck gives the FF with masses differ on four amu, i.e. 
this scissions do not give continuing sequence of fragments masses ob-



served in experiment. As compared with our model, the intermediate 
values of the mass can be obtained, if one assumes, the small uncer
tainty in the mass numbers of the large clusters and/or small surplus 
of neutrons in the neck reference to its pure a-particle composition 
(the change of 20Ne to 22Ne is enough for this purpose). This sur
plus of neutrons can be caused by the well known demand for the 
Z/N ratio to be close to that in the parent nucleus. Our calculations 
demonstrated that the Vint and T J( E values for the 82Ge-5a-132Sn 
and 84Ge-5a-132Sn modes differ by f~w hundred keV. This is why the 
continuity of. the mass number is supplied without the appreciable 
change in the form of the discussed line of the fine structure. 

As was noted above, for each cluster configuration of the .fissioning 
system, the total energy of interaction of the clusters was calculated. 
The calculated values of Vint were compared with the well-known cal
culations of Ref. [25]. In Fig. 5, the dependencies of the energy of the 
fissioni:r{g 236U nucleus are presented for different fission modes as a 
function, of half-length of the fissioning nuclear system (see Ref. [25]). 
The points connected by the solid line correspond to the Vint values 
calculated by us for the. configurations listed in Table 1. There. is a . ' 

good agreement (Fig. 2) between our results and the ones of Ref. [25] 
if. to keep in mind that the valley image onto the potential energy 
surface is influenced by the shape parametrization used [26]. 

The ·agreement of the calculations performed using the models with 
' ! ,, 

the clusterized and unclusterized necks proves the shapes of the fission 
nucleus to be roughly simil~r in the both cases. However, only the 
cluster model provides the explanation of the periodic structure (the 
lines a and bin Fig. 4) linking it with the configurations in which the 
length of the neck is a multiple of the a-particle diameter. Therefore, 
the model with the clusterized neck seems to be not only the simplest 
algorithm of calculation but also a mechanism actually taking place 
in nature. One ~ore conclusion can be derived from the comparison 
in question. A small difference between the predictions of the; two 
models means that both phases- clusterized and unclusterized- can. 
coexist in the neck of the fission nucleus. 

Some comparisons with the results of the known calculations [27, 

/ 
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28] can be done if we estimate the baiTiers for the FF separation .. 
By definition, the separation barrier is due to the dependence of the 
interaction energy between the fragments· A and B on the distance s 
between their nearest .edges. 

V(s) =. 2.: Uij(s). 
( iE,I) 

• JEB 

If the fragments, between which the scission occurs, touch f.'ach other, 
then s = 0. Let us assume that on every stage of the FF acceleration 
their shapes remain to be constant. The FF separation barriers for 
several configurations of the fissio:hing system are shown in Fig. 6. The 
labels of the curves correspond to the configuratim1s·given in Table 1: 

The separation barriers for· the compact initial configurations are 
presented in Fig. 6a. The FF fm; such configurations are charaCterized 
by the TKE closeto the Q-vahlC of the fission, i.e: the so called cold 
fission is realized from the compact configui·ations co1lsidered. The 
fission .from the most compact configurations' car~ be prohibited, as 
the TKE would exceed the Q-value (see, forexample, cmifigurations 
12a, 2a and curve 2a). At the same"time theTKE values close, but 
less then Q, can bereproduc~d by means of rearrangement of the a
particles in the neck (configuration :13)' or elongation: of the system 
(configuration 3a). The existence of the barrier for the FF sep~ration 
in the compact configurations of the fissioning system and, foll~\V
ing to this point, the tunnel mechanism,of cold fragmentation are in 
agreement with the concept of Ref. [27]. The energy cmTPsponding to; 
the bottom of the potential pocket of the fragnient-fragmPnt potPn
tial was taken as the T [{ E in our calculations: The' zero vibrations. 
which increase slightly the T J( E and 'penetrability of the barri<'r of 
the FF separation, were not taken into account.~ It means that the 
TKE calculated without consideration of the zero'vibrations can be 
considered as a low. limit. of the T J( E values .. Howeved the omitted 
such a dynamical effect as the nucleon exchange between the' neigh
boring clusters can compensate in part the contribution from the zero · 
vibrations. This effect results in increasing the depth of the potential 
pocket in the fragment-fragment potential [29]. For l~u·ge elongationof 
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the fissioning system, the depth of the pocket in the fragment-fragment 
potential is small. Therefore, calculation of the T J( E value contains 
less uncertainties with increasing the system elongation. 

Rather interesting result follows from the calculation performed 
for the system elongation corresponding to the most probable T J( E 
values and mass of the light fragment (Fig. 6b, curve 4c). For FF 
separation, the barrier practically vanishes. This fact correlates also 
with the conclusion of Ref. [28] about ~he disappearance of the barrier 
between the fission and fusion valleys at some stage of elongation of 
the nucleus. The absence of the barrier cont-ains a purely clustering . 
aspect: the clusterization of a light nucleus occurs at the excitation 
energies close to the disintegration threshold of this nucleus (see the 
phenomenological Ikeda rule [30]). Probably, the condition close to 
this require~ent is realized in the neck being equivalent to the 20Ne 
nucleus. Either disappearance or small height ofthe barrier for the FF 
separation mean the instability that is favorable for the clusterization. 

As was assumed in Ref. [18], during the evolution, the fissioning 
system really pass~s the phase where the nucleons in the neck between 
the large clusters form the 20Ne nucleus in its ground state. The values 
of Vint, the elongation of the system, and the T J( E value obtained for 
the configuratiqn 14 in Table 1 (the point labeled by 20Ne in Fig. 5) 
seem to be close to the corresponding values for the configurations 4 
and 4'. 

The Vint and T K E values for configunitions 7 and 8; containing 
the pyramidformed by the four touching a-particles, are close to the 
appropriate values obtained in the case of replacement of this pyra
midby the.deformed 160 nucleus [22]. The similar result is obtained 
in the replacement of the pyramid formed by three a-particles in the 
configurations .9-12 by the 12C nucleus in the ground state. For the 
configurations with the 160 and 12C nuclei in the neck, the values of 
Vint are marked by asterisk in Fig. 5. Thus, our calculations confirm 
a hypothesis of Ref. [18] that some symmetry should be observed be
tween the prolate and oblate shapes of the neck nucleus e0Ne): at 
some excitation (deformation) the clusterizationoccurs in both cases.· 
When the distance between the large clusters increases, the nucleons 
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Fig. 1 Schematic illustration of the procedure for the fine struc
ture extraction; a - initial cut of T K E-M distribution along 
M = canst; b - the same cut after the smoothing; c - the re
sult of substraction the smoothed cut from the initial one. 
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in the neck consistently pass the following phases of ass~ciation: a

clusters; a-clusters + 160; 20Ne in its 'groun<l'~tate: 12C+a-clusters; 
a-dusters (see Fig. 5). 

The existence of the light clusters 12C and 160 ·in the neck is an 
argument for the benefit of the rule taken in oiu· calculations: to 
choose· the probable points of the neck scission only between two) any 
clusters. Otherwise, the scission takes place across the light nucleus, 
that is energetically less preferable. The idea of the clusterizatiop. of 
the neck can appear naturally from the other physical supposition. 
When the distance between the large clusters increases, the nucleon 
density between the large clusters decreases • and the conditions foi· 
the so called percolation in the neck [31] are created. The actual 
percolation process has a random character. therefore, it is possible 
to expect, as was mentioned above, a coexistence of the lm.dusterized 
and clusterized phases in the neck. 

4 Summary 

Using our approach we obtained the verification for the bicluster niech
anism of formation of the fission mode and clusterization of the neck 
of the fissioning nucleus .. The arguments supported this conclusion 
are the following: . . ' 

• For the 234U* nucleus the calculated TK E values are in agreement 
with some elements of the fine structure T ]( E-l'vf distribution of 
the FF. ., 

o The obtained dependence of the potential energy of the fissioning 
nucleus 236U* on its elongation agrees with the previous calcula-
tions [25]. · ,, 

• The· tendency siniilar to that Ehown in the calculations of 
Ref. [27, 28] for the height of the barriers for the FF sepanition 
as a function of the fissioning system elongation is observed .. 

The agreement of the calculations performed using the models with 
the clusterized and unclusterized neckS proves the shapes of the fission 
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nucleus to be roughly similar in both cases. However, only the cluster 
model proves an explanation of the periodic structure (lines a and b 

. in Fig. 4) linking it with the configurations where the length of the 
neck is a multiple of the a-particle diameter. Therefore, the model 
with the clusterized neck seems to be not: only the. simple algorithm 
for calculation but a mechanism actually taking place in nature. A 
sll1all difference between the predictions of the two models means that 
both phases - clusterized and unclus.terized -- cai1 coexist in the neck 
of the fissioning nucleus. 

In our opinion, the most strong point that proves our model to 
be valid is the following. The correlation was established between 
clusterization of the fissioning nucleus and the fine structure in mass
energy distribution of the Ff which is completely different from that 
produced by the proton odd-even effect. 

Vve are grateful to Dr. B.I.Pustylnik for fruitful criticism and stim
ulating discussions. 
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