





Since the discovery of the uranium fission, the study of the
'sion mechanism is one of the important and interesting problems
of nuclear physics. A lot of work is devoted to the investigation of
this phenomenon; to explain experimental data various nuclear struc—
ture models are used: liquid drop model, shell model, statistical
theory etc, It is natural that the range of application of a model is
very limited and there is as vet, no consistent theoretical interpreta-
tion of this complicated nuclear process,

The well known mass distribution of fission fragments of
the 338y with thermal neutrons is sometimes explained from po-
sitions little compatible with each other. It is probably due to this
circumstance, that a great deal of effort is taken to explain the mo-
chanism of low-energy or spontaneous nuclear fission.

However it was established by experiments that with increasing
nuclear temperature the picture changes: at an excitation energy
higher than 50 Mev, fission becomes actually symmetrical / 1’2/, It
may be supposed that this energy increase does not radically alter
the mechanism of this complicated nuclear transformation. At the same
time the field of the experimental study of nuclear fission is corn-
siderably extended .

Indeed, for the investigation of spontaneous fission or fission
on thermal neutrons, only nuclei from uranium to californium can be
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used while in the high excited state all nuclei with —-fh > 25 undergo
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where J; and J i are the moments of inertia of the transition
state nucleus at the saddle deformation about an axis perpendicular
and parallel to the axis of symmetry, respectively.

The experimental data on J . calculated from the angular
anisotropies for heavy ion-induced fission in various target nuclides
is given in Fig.1.

It should be noted that within the expetimental accuracy J .4
does not depend on the mode of production, the excitation energy
and the angular momentum of a fissioning nucleus /10,12/ but it is

only a function of —%-2 .

Now it is interesting to compare the experimental data with the
calculation results for 7,y using the usual liquid drop model/lovll/.
A noticeable disagreement for large -;‘-Z-?» values is seen in Fig.1
which points out that the deformation at the saddle point is small
as compared with the shape obtained by means of the liquid drop
model,

However, this disagreement is practically eliminated if, as 'be-
fore in the framework of the liquid drop model, the distribution of the
nucleon density of the nucleus is correctly taken into account and
the surface tension as a function of the curvature of the effective
surface is introduced in calculating I . /13/.

It is very important that the calculation results agree with the
experimental ones.

This provides evidence for the fact that the liquid drop model
is a good approximation in calculating the potential energy and the
nuclear shape at the saddle point. At the same time the assumption
of the statistical nuclear equilibrium on the top of the barrier is va-~
lid with great accuracy for all investigated nuclei,

Hence, it follows that the deformed nucleus really for a long
time is in an intermediate state corresponding to the saddle point,

Note that the extreme point at —22 -43,5 (Fig.1) obtained from
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the angular distribution of 0 La nuclei in the fission of 238y by
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When bombarding 2°°Bi  and %U  thin targets with the %0
%Ne and 40 Ar ions, fragments of the rare-earth group and, in some
cases, heavy fragmerits from gold to polonium were separated by
the radiochemical method /24/.

Further, using a Gel(Li) —gamma spectrometer, the gamma ra-
dioactivity of fragments was measured and the obtained spectrum
was analysed with the aim of identifying the isotopes and determining
their yield, This technique was fairly reliable and the vyield was de-
termined with an error of not greater than 15%.,

To plot the mass distributions, assumptions were made about the
charge distribution of fragments which were then checked experimen-
tallv.

1. For each fragment mass Ay the vyield of isobars with 2
differing from the most probable value of Z, is described
by the Gaussian distribution:

1 z -z,
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2, The dependence of Z_  on A, was calculated under the

following hvpothesis:
i) constant charge density of fragments;
ii) equal charge displacement / 25/;
iii) the charge distribution from the minimum of the potential

energy of fragments / 16/.

It was also assumed that neutrons were evaporated from frag-
ments /25/, (I, /Ty, «1) in a number proportional to the fragment
v

mass v, = -K—orA(

With the aid of an electronic computer, using the least square
method, the parameters VvV and ¢ were chosen for different de-
pendences Z,(Ay) giving the smallest deflection of the experimen-

tal points from the smooth curve which, as expected, was well des-

cribed by the Gaussian distribution
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In calculating the potential nucleus energ
mulas were used /25’28’29/. The comparison o:
experimental data in Fig.5 shows that agreemse
for a very narrow region of light nuclei, while
is an essential disagreement considerably excee:
the large disagreement can be eliminated by n
parameters within reasonable limits,

It is also seen from experiments that the
the excitation energy is stronger that the thec

However, it seems to us that the most <
validity of the statistical approach, is the fluc
ment charge for a given mass ratio (or the m
given charge ratio).

Indeed, according to ref. /16/, in calculatir
topic curves the well-known term of the mass f«
alone is used which takes into account the affir
and neutrons in the nucleus,

In this connection, we have measured the :
of fragments near the maximum of the mass cur

7.2
different —g— . It is seen from Fig.5 that the
curves are well described by the Gaussian dis

rameter ¢ agrees with the data of Table 1
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Table 1. Experimental data on heavy-ion induced flSSlOn/ / The ¢

exp, values are obtained for rare-earth fragments, oxp
z? -
Y E' (Me V) o v c € oxp
9 81 (P Ne 1) 37,7 100 710 10.8 0.56
By (Mc,n 38,4 42 0.7 + 0.2
'y (Mo, 1) 39,4 81 1280 11.2 1.7
By Ne, ) 40,3 120 2280 12,6 3.3
95 1660 11,5 2.9
65 1130 8.9 2,7 20 + 0.2
20 B (€ ar,n 41,0 115 2200 9,5 2.75
By Oarn) 43,5 110 2790 13,3 3.0
75 1980 10.6 2.9 2.8 + 0.2
—/. l
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Fig.1, Dependence of the effective moment of inertia at the saddle
point on the fission parameter . The curves are the cal-
culation results obtained by the liquid drop model: a) for a nuc-
leus with sharp edge, b) taking into account the nucleus density
distribution in the surface layer. The experimental points : open
circles arg t .data from ex; 1iments on deiuterons and alpha
particles 1O,L¢/, black points - on heavy ions, The figures cor-
respond to the nucleus shape at the saddle point under the
! imption of axial symmetry, '


















