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Introduction

The breakup of heavier nuclei into three,
four and even five becomes energetically more
favourable than binary fission. Based on
this, many theoretical and experimental stud-
ies were made to study ternary fission in trans-
actinide and superheavy region. In super-
heavy mass region mainly the ternary to bi-
nary ratio has been reported. Grumann et
al reported [1] that superheavy nuclei un-
dergo ternary fission through oblate deforma-
tion and predicted ternary fission as the dom-
inant decay mode of superheavy nuclei. Later
Diehl and Greiner [2] have shown that in 27§ X
the barrier for oblate ternary fission is more
than 50 MeV high whereas the prolate liquid
drop barriers almost vanish and it has equal
heights for binary and ternary fission of the
superheavy nuclei with mass number of about
300 [2]. Hence they suggested that oblate
ternary fission can be ruled out since the shell
energy of nearly magic nuclei can hardly re-
duce this barrier.

Schultheis et al within LDM calculated [3]
the barrier for ternary fission of superheavy
nuclei and reported that the barriers for bi-
nary and ternary fission are equal within 10%
and also calculated the relative cross-section
(o1 /op) of ternary to binary spontaneous fis-
sions which is much higher in the superheavy
nuclei than in the actinide region. This was
justified by the fact that in binary fission of su-
perheavy nuclei many nucleons would be out-
side the closed shell (Z=50, N=82) of both
the fragments, hence it might be energetically
favourable to form a closed shell third frag-
ment among these nucleons (say for example
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13260 +1326n43155 in 298 X). In actinides less
number of nucleons are available outside the
closed fragment shells. Minimum excess of the
ternary barrier height over the binary one oc-
curs in the region below the doubly magic nu-
cleus 9% X154, where the total life time is high
with respect to spontaneous fission, o and
decay. This result implies that the ratio of
ternary to binary will be large for highly sta-
ble superheavy nuclei. And hence the high
ternary to binary ratio is considered as a char-
acteristic property of superheavy nuclei and it
is advocated as a test for superheavy elements.

Very recently Zagrebaev et al studied [4]
the possibility of true ternary fission in super-
heavy nuclei and reported that it is quite pos-
sible for superheavy nuclei to undergo ternary
fission, with formation of a heavy third frag-
ment because of the strong shell effects lead-
ing to a three body clusterization with the
two doubly magic Sn like cores (for example
13280 +1326n+325 in 39X). All these the-
oretical and experimental studies imply that
ternary fission might be a competing decay
mode to alpha decay in superheavy mass re-
gion. Hence, it would be of interest to see the
possibilities of observing heavy light charged
particles with doubly magic Sn like main fis-
sion fragments in spontaneous ternary fission
of highly stable superheavy nuclei.

In this direction earlier we reported [5], «
and a few heavy third particle accompanied
ternary breakup of 113 Xiss considering the
third particle to come out from the lightest
of the other two fission fragments after the bi-
nary division within the three cluster model
(TCM) proposed by one of us [6, 7]. Other
earlier studies also considers the sequence of
breakup in this manner. However, the three
fragments can be arranged in three different
Ways as A1 —+ AQ —+ Ag, A2 —+ Ag + Al and
As 4+ A1 + As i.e. the lightest fragment Ag is
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considered at the middle of the other two frag-
ments or either at the two ends. We present
in this work the potential energy surface of
the ternary breakup of 7% X1g4 for all possible
third fragments in three different configura-
tions in collinear geometry within TCM.

In order to consider all possible third frag-
ments in TCM we impose the condition that
A; > Ay > Az in the selection of fragmenta-
tion to avoid repetition of fragment combina-
tions. Here the subscripts 1 and 2 stand re-
spectively for heavy and light fragments and
the third fragment is denoted by 3. With
the implementation of the above condition in
ternary fragmentation of 39§Xjss4 the third
fragment can have mass numbers from Asz=1
to 99. For all the possible 99 third fragment
masses the ternary fragmentation potential
energy is calculated (for three different posi-
tions of the fragments) and charge minimized
with respect to their charge asymmetry.

Results and Discussion

Figure 1 presents the ternary fragmenta-
tion potentials of 238 X1s4. The open squares,
solid circles and stars corresponds to the ar-
rangements A; + As + Az (Case-I), Az +
Az + Ay (Case-IT) and A3 + A; + Ay (Case-
III) respectively. Of the three cases, Case-
IT has the least potential energy for all third
fragments. For third fragment mass num-
bers at least upto 50, Case-I and Case-111
gives similar results and beyond that the po-
tential for Case-III lies higher than Case-I.
The potentials for third fragment mass num-
bers beyond 80, Case-I and Case-III gives
similar results and all the three cases con-
verges as the size of the three fragments be-
comes almost equal. For true ternary fission
(with comparable mass of three fragments)
the fragment combination %6Se+3°Zn+132Sn
seems to be a probable one. However,
there are other pronounced wvalleys such
as 1328n4+-220+144Ba,32Sn+32Mg+134Te and
13281 +34Si+1328n in the potential energy sur-
face corresponding to Case-II as marked in the
figure. These combinations in the minima of
the potential contains atleast two closed shell
fragments. To conclude, the ternary breakup
with the lightest fragment at the middle has
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more probability than the other two combi-
nations. But the available Q-value would re-
main the same for all the cases. The strong
decrease in the potential for Case-1II is due to
the fact that, the Coulomb potential between
the other two fragments reduces considerably
as they are separated at least by the diameter
of the lightest fragment.
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FIG. 1: Potential energy surface of nucleus 233 X.
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