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The mass distribution and/or charge distri-
bution of nuclear fission process is an impor-
tant study. Experimentally as well as theo-
retically, the mass distribution of binary fis-
sion is more or less to a good extent an estab-
lished topic. However, if the parent nucleus
fission into more than two fragments, the mass
and/or charge distribution is not well stud-
ied. Within the statistical theory, the ternary
mass distribution of 252Cf for the fixed third
fragment 48Ca was reported[1]. For the first
time, the ternary mass distribution with the
fixed third fragment using Quantum Mechan-
ical Fragmentation Theory (QMFT) [2] is re-
ported here. In this work, we present the pre-
existence probability distribution of binary, α-
accompanied and 48Ca accompanied fission of
236U .

Ternary breakup of a given nucleus with
mass number A is assumed to form three frag-
ments of mass numbers A1, A2 and A3 such
that it obeys mass and charge number con-
servation. In our convention it is taken as
A1 ≥ A2 ≥ A3. If a nucleus undergoes ternary
fission it generates a large number of combi-
nations. This is handled by keeping one of
the fragment (here third fragment A3) fixed.
The total potential between the three (spher-
ical) fragments within the three cluster model
(TCM) is defined as ,

Vtot =

3∑
i=1

Mi +

3∑
i=1

3∑
j>i

(VCij + VNij) (1)

where the first term is the sum total of mass
excess of all the three fragments taken from
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mass table[3]. The Coulomb term is given as,

VCij
=
ZiZje

2

Rij
(2)

with e2=1.44 MeV fm and R is the relative
separation distance between the centers of the
fragments Ai and Aj . In this study the cal-
culations are carried out at the touching con-
figuration as : Rij = ci + cj where ci is the

Süssmann central radii defined as ci = Ri− b2

Ri
.

The radius expression Ri is calculated using,

Ri = 1.28A
1/3
i − 0.76 + 0.8A

−1/3
i (3)

The proximity potential is taken as the nuclear
potential and is defined as,

VNij = 4πR̄ijγbφ(ε) (4)

with R̄ij =
cicj
ci+cj

defining the inverse of the

root mean square radius of the Gaussian cur-
vature and φ(ε) is the universal function inde-
pendent of the geometry of the system

φ(ε) =


− 1

2 (ε− 2.54)2 − 0.0852(ε− 2.54)3,

ε < 1.2511

−3.437exp(−ε/0.75),

ε ≥ 1.2511

(5)
where

ε =
Rij − ci − cj

b
(6)

and γ is the nuclear surface energy coefficient
given by,

γ = 0.9517

[
1− 1.7826

(
N − Z
A

)2
]
MeV fm−2,

(7)
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FIG. 1: Pre-existence probability mass distribu-
tion for binary, α−accompanied and 48Ca accom-
panied fission of 236U.

is the separation distance between the two sur-
faces in units of b.

Among the allowed fragment combinations,
the favourable ternary fragmentation is iden-
tified through the proper charge minimization
process. Each of the ternary channel could be
identified through binary mass asymmetry pa-
rameter η as third fragment A3 is fixed, it is
given by,

η =
A1 −A2

A1 +A2
(8)

For η motion, we solve the stationary
Schrödinger equation in η at a fixed R,{
− ~2

2
√
Bηη

∂

∂η

1√
Bηη

∂

∂η
+ VR(η)

}
Ψυ(η) (9)

= EυΨυ(η)

with υ = 0,1,2,3. . . corresponding to the
ground and excited states. The Eigen so-
lutions of the above equation give the pre-
formation probability,

P0(Ai) = |Ψ(η(Ai))|2
√
Bηη

2

A
(10)

where A is the mass number of the compound
system. In calculations, the hydrodynamical

mass parameter Bηη is replaced by three body
reduced mass,

µ =
µ12A3

µ12 +A3
m (11)

where the two body reduced mass is given by,

µ12 =
A1A2

A1 +A2
m (12)

where m is the nucleon mass.

Results and Discussion

For the use of the potentials between the
two/three fragments defined in Eq. (1) and
the two/three body reduced masses defined re-
spectively in Eqs. (11) and (12), the equation
of motion in mass asymmetry coordinate cor-
responding to a fixed distance of the centres of
the fragments is solved and thereby the pre-
existence probability is obtained. In Fig. 1,
the solid line gives the charge minimized mass
distribution values of binary fission of 236U.
Dashed and dotted lines presents the mass dis-
tribution of α-accompanied and 48Ca accom-
panied ternary fission of 236U. The mass dis-
tributions reveal that, heavy fragment fission
group remains more or less within two units of
mass whereas the light fragment fission group
shifts towards the lower mass for binary and
ternary fission. Further, the mass distribution
probability of the heavy fragment is lower for
the α accompanied fission than binary fission
heavy fragment.

The temperature dependence in the poten-
tial energies and mass parameters will be stud-
ied. Further studies will allow to estimate bi-
nary to ternary branching ratio of the fission-
ing nucleus.
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