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Introduction

Understanding the mechanism of nuclear
fission is a field of continuous activity from
the beginning of its discovery. Ternary fission
is a relatively rare phenomenon, compared to
binary fission. Ternary fission is a process
in which, besides the two main fission frag-
ments a third charged particle is ejected. The
Coulomb fields of heavy fragments repel the
light particle and it is interpreted to be emit-
ted from the neck region. The spontaneous
ternary fission of Cf has been widely stud-
ied both experimentally and theoretically [1].
Experimental results indicate that the light
charged particles were usually emitted perpen-
dicular to the fission axis.

Preformed cluster model (PCM) of Gupta
and collaborators has been widely used to pre-
dict the binary mass distribution or the pre-
formation probability P0. In PCM, the sta-
tionary Schrödinger equation is solved in col-
lective fission degrees of freedom for the bi-
nary decay of the compound nucleus. The
wave function obtained from the solution of
Schrödinger equation is used to evaluate the
probability as, P0 = |ψ(η)|2 and is a mea-
sure of a particular fragment to be preformed
inside the parent nuclei. Poenaru et al. [2]
interpreted that, the penetration of the over-
lapping part of the potential is equivalent to
the preformation probability of the fragments.
They used the analytical superasymmetric fis-
sion model to give an expression for prefor-
mation probability. An empirical relation was
proposed relating the preformation probabil-
ity and the mass number of the emitted clus-
ter. Rajeswari et al. [3] have reported the pre-
existence probability for the complete binary
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decay of 56Ni, 116Ba, 226Ra and 256Fm as the
WKB integral of the overlapping part within
the Unified Fission Model. A second-order
polynomial was used to approximate the po-
tential energy of the overlapping part. In the
present work, this idea is extended to study
the pre-existence probability of ternary fission
of 252Cf.

Methodology
For ternary breakup, the possible mass frag-

mentations are generated using the condition
A1 ≥ A2 ≥ A3 and A1 + A2 + A3. The third
fragment mass number A3 is taken as fixed
and the charge spectrum of the remaining sys-
tem is considered. The three fragments are
assumed to be in the equatorial arrangement
with the surfaces of the fragments being sepa-
rated by a distance of 1 fm. The ternary frag-
mentation potential between the three frag-
ments are evaluated using,

Vη (R) =

3∑
i=1

Mx
i +

3∑
i=1

3∑
j>i

(
V ijC + V ijP

)
. (1)

Mx
i are the mass excess of the three fragments,

VC and VP are the Coulomb and nuclear po-
tential evaluated between the three fragments
as:

V ijC =
ZiZje

2

Rij
(i, j = 1, 2, 3) and i > j,

(2)

V ijP = 4πR̄ijγbφ(ε). (3)

The fragmentation potential is then charge
minimized with respect to the mass number
of the fragments and then the respective scat-
tering potential is evaluated using,

V (R) =

3∑
i=1

3∑
j>i

(
V ijC + V ijP

)
. (4)
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FIG. 1: Scattering potential for the ternary decay
of 252Cf with 4He as third fragment as a function
of separation distance between the fragments
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FIG. 2: The pre-existence probability as a func-
tion of third fragment mass number for the
ternary fragmentation of 252Cf

The scattering potential obtained for a partic-
ular exit channel with Q- value of 229.22 MeV
is shown in Fig. (1). The separation distance
is evaluated using RCN − (R1 + R2 + ∆R),
with ∆R as 1 fm. Rt corresponds to the
saddle point and a linear approximation is
used to connect the position of compound nu-
cleus (RCN ) to Rt. The area of the overlap-
ping region from Rt to RCN can be taken
as pre-existence probability and is evaluated
with known boundary conditions. The pre-

existence probability is then evaluated for all
the minimized mass fragmentations and the
normalized pre-existence value is obtained us-
ing,

P iov =
(Area)i∑
i (Area)i

. (5)

Results and Discussion
All possible ternary fragmentation of 252Cf

nucleus is considered without restricting the
choice of A3. The fragmentation potential
is evaluated for all the fragmentations and is
charge minimized with respect to the mass
number of the third fragment A3. Then for the
charge minimized fragmentations, the scatter-
ing potential is evaluated and is then used to
evaluate the pre-existence probability as de-
scribed above. The distribution thus obtained
is shown in Fig. (2).

The behaviour of pre-existence probability
is similar to that of the experimental obser-
vation; it decreases with increase in the mass
number of the third fragment. Thus, the gen-
eral behaviour of the ternary mass distribution
can be analyzed with this simple analytical ap-
proach. In addition, the results for individual
N=Z and N6= Z third fragments as a function
of neutron number of the parent nucleus will
also be presented.
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