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Experiments in recent years on the fission of gold, lead, bismuth, and radium by
various particles (173) have shown that, at intermediate excitation energies of
nuclei lighter than thorium, symmetric fission by mass is clearly manifested, with
characteristics different from those of asymmetric fission, which is observed for
heavier nuclei. It is known that, for heavy nuclei, along with fission products
very different in mass, fragments with equal or nearly equal masses are also
observed.

In this connection, the question is being discussed in the literature of the exis-
tence of symmetric fission as an independent process in the fission of elements
of the thorium group and heavier nuclei (*=). One of the proofs of the presence
of a symmetric type of fission in heavy nuclei may be the observation on the
contour diagram of a peak in the “symmetric” region.

In the present work, fission of Th?3? induced by neutrons with an energy of
14 MeV and by photons of a continuous spectrum with a maximum energy
of y-quanta E. .. = 90 MeV was investigated. The aim was to study, for
various angles between the fission directions and the neutron (photon) beam,
the energy distributions of fragments with fixed ratios of their masses. To solve
this problem, a double-pulse ionization chamber was used. To select fission
directions at a given angle to the neutron (photon) beam, electrical collimation
was employed (7). As the target, a layer of thorium nitrate deposited on an
aluminized collodion film was used. The thickness of the collodion film with
evaporated aluminum did not exceed 30 ug/cm?. The thickness of the thorium
nitrate layer was 150 pg/cm? for fission by photons and 50 pg/cm? in the case
of fission by neutrons.
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Fig. 2. Contour diagram for the case of fission of T h**? nuclei by photons with
E. ax = 90 MeV
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Fig. 1. Contour diagram for the case of fission of Th?32 nuclei by neutrons
with an energy of 14 MeV

In the fission of Th?3? by neutrons with an energy of 14 MeV, about 21,000
fission events were recorded. From the measurement results a contour—

diagram shown in Fig. 1. The contour diagram was constructed in the coordi-
nates F,m,/m,, where E is the total kinetic energy of paired fragments, and
m,/m, is the fragment mass ratio. Corrections for losses in the target thickness
and for the ionization defect were introduced into the results presented in Fig.
1 (as well as in all subsequent figures).

It is evident from Fig. 1 that, alongside the “hill” corresponding to asymmetric
fission with the most probable value of the mass ratio m,/m; = 1.53, a hill is
clearly revealed in the region of mass ratios corresponding to mass-symmetric
fission.

Fig. 2 shows a contour diagram constructed for fission of Th**? by photons

of a continuous spectrum with £, .. = 90 MeV (the number of registered
photofission events was 18,000). As in the case of fission by neutrons, a peak

corresponding to mass-symmetric fission is clearly distinguished. This had pre-

viously been observed upon irradiation of Th>* by photons with £, .. = 70
MeV (®).

Fig. 2. Contour diagram for the case of fission of Th**? nuclei by photons with
E. nax =90 MeV

As already noted above, the method used in the work made it possible to study
the energy and mass distributions of fission fragments for different angles relative
to the beam of fission-inducing agents (angle ¢). From the measurement results,
series of graphs were constructed characterizing the distribution of E at fixed
values of m,/m, for the following five intervals of the angle #: I (0—34°); II
(34—48°); IIT (48—60°); IV (60—70°); V (70—80°). Figure 3 presents graphs
of E at various fixed values of m, /m, for the I and V angular intervals in the case
of fission of Th**? by neutrons with energy 14 MeV. The most interesting feature
of the graphs is the presence of two peaks in the distribution of the total kinetic
energy E for the range of fragment mass ratios m,/m; = 1.1 +1.2; 1.2+ 1.3
in fission of Th*? in the direction of the neutron beam (I angular interval,
Fig. 3a). As m/m, increases from 1.1 to 1.3, the positions of both peaks
shift toward lower energies. The distance between them, within the limits of
measurement error, remains constant and is 18 MeV. From the graphs in Fig. 3
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Figure 3: Distributions of the total kinetic energy of Th-232 fragments for
fixed mass ratios in fission by 14 MeV neutrons.

Figure 3: Figure 3: Distributions of the total kinetic energy of Th-232 fragments
for fixed mass ratios in fission by 14 MeV neutrons.

it is also evident that the most probable value of the kinetic energy of symmetric
fission (m,/m; =1+ 1.1) is 10 MeV less than the most probable value of E at
my/m; = 1.3 + 1.4. Two peaks in the distribution of the total kinetic energy
of fragments at m,/m; = 1.1 + 1.3 are also observed for intervals II-IV, the
separation becoming less distinct with increasing angle 0, and for interval V
(Fig. 3b) only one peak is found.

If it is assumed that the left peak in the distribution of E for m,/m; = 1.1+1.3
belongs to the symmetric type of fission, then the following conclusions can
be drawn: 1) the symmetric type of fission, like the asymmetric type, has a
dispersion in the fragment mass distribution extending at least to m,/m; < 1.4;
2) the symmetric type of fission corresponds to a smaller value of E.

The changes occurring in the distribution of kinetic energy upon

an increase in the angle, discussed above, may be due to the dependence of the
mass and energy distributions of fragments of the symmetric and asymmetric
types of fission on the direction of fission in cases where a considerable anisotropy
is observed in the angular distribution of the fragments (7).

Fig. 3. Distributions of the total kinetic energy of Th?*? fragments for fixed
mass ratios in fission by 14 MeV neutrons. a—I angular interval, b—V angular
interval

The angular distribution of fragments from fission of Th?*? by neutrons with an
energy of 14 MeV, obtained in the present work, is shown in Fig. 4. The circles
denote the experimental points. The solid curve is described by the equation
o(0) =1+ Acos? §, where A = 1. The curve is normalized to the experimen-

tal data at cosf = 0.93. Thus, the angular anisotropy ¢(0°)/0(90°) = 2. The
indicated anisotropy pertains to the overall angular distribution, independently
of the type of fission. However, it may turn out that the angular distributions of
the symmetric and asymmetric types of fission are different, in particular that
their anisotropies are different. Then this may lead to the transition observed
in this work from two peaks in the distribution of F at m,/m, = 1.1 = 1.3 to
one peak as the angle 6 increases.

In conclusion, let us point out one methodological reason that may affect the
poorer resolution of the two peaks in the distribution of E as the angle 6 in-
creases. The point is that the effective target thickness, for the method used
in the present work to select the direction, increases as t = t,/ cosf, where t,
is the target thickness in the direction of the neutron beam (6 = 0°). Conse-
quently, for t, = 50 ug/cm? the target thickness for fragments emitted into the
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Fig. 4. Angular distribution of fission fragments of Th**? by neutrons with
energy 14 MeV

Figure 4: Fig. 4. Angular distribution of fission fragments of Th>*

with energy 14 MeV

by neutrons

V interval will be ¢ ~ 250 ug/cm?. In order to determine how much an increase
in the source thickness to 250 ug/cm? affects the energy resolution, for angular
intervals I-V a series of graphs was constructed, analogous to those shown in
Fig. 3, for the case of fission of Th®** by photons with E. ax = 90 MeV. At
the indicated photon energy the angular distribution of fragments, as is known,
is isotropic and one can therefore observe the direct influence of the change in
source thickness on the energy and mass distributions of fission fragments as the
angle # increases. Analysis of the curves of the distributions of the total kinetic
energy of the fragments F, at specified mass ratios m,/m,, constructed for the
case of photofission of Th232, showed that even at target thicknesses greater
than 250 pug/cm? two peaks can be distinguished in the range of fragment mass
ratios 1.1 + 1.3. The presence of two maxima in the distribution of E for mass
ratios 1.1 = 1.4 was observed earlier in work (°), where photofission of U232

nuclei was studied at E =70 MeV and a source thickness of 320 ug/cm?.

7y max

Fig. 4. Angular distribution of fission fragments of Th**? by neutrons with
energy 14 MeV

Thus, the observed transition in the E distributions from two peaks (for
my/m; =1.1+1.2; 1.2+ 1.3) in fission along the neutron beam to one peak as
the angle 6 increases is not connected with the influence of the source thickness
and is apparently due to different anisotropy of the angular distributions of the
symmetric and asymmetric types of fission.
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