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Introduction

Asymmetric fission of a proton-rich 180Hg∗,
formed at 10.44 MeV excitation energy
through the electron capture by 180Tl, was
discovered in the experiment conducted at
ISOLDE (CERN) [1]. This is in contradic-
tion to the general expectation of symmet-
ric fission due to the shell closures of the
symmetric masses. The latter experiments
[2, 3], where 180Hg∗ compound nucleus (CN)
is formed in heavy-ion reactions at the exci-
tation energy of range 34-53 MeV, also con-
firmed the asymmetric fission. The yield of
the symmetric fission channel in these experi-
ments increases with the CN excitation energy
which agrees with the calculations of [3] and
references therein. However, these calcula-
tions lack the dynamical study required to give
a theoretical prediction for the energy where
the transition from asymmetric to symmetric
fission occurs. So, an investigation of the fis-
sion of 180Hg∗ within the dynamical cluster
decay model could be of interest.

In this work, the dynamical cluster-decay
model has been used to investigate the fission
of 180Hg∗ formed in the reaction 36Ar+144Sm
at the excitation energy of range 10-63 MeV
and the angular momentum range of 0-200 ~.
It is found that the transition from asymmet-
ric to symmetric fission occurs at an excita-
tion energy of around 40 MeV for both op-
timum hot-compact (HC) and cold-elongated
(CE) configurations. The transition with an-
gular momentum occurs but only in optimum
HC configuration.

∗Electronic address: poojachauhanphy@gmail.com

Methodology
The dynamical cluster-decay model [4, 5] is

worked out in terms of mass or charge asym-
metry coordinates, relative separation R be-
tween the fragments along with the orienta-
tion and deformation degrees of freedom. The
CN decay/formation cross-section in terms of
the partial waves for the fragmentation com-
bination (A1, A2), is

σ =
π

k2

`max∑
`=0

(2`+ 1)P0P ; k =

√
2µEcm

~2
(1)

where `max is the maximum value of angular
momentum of the compound nucleus, µ is the
reduced mass and Ecm is the incident centre of
mass-energy. The preformation probability P0

is obtained from the solution of the stationary
Schrödinger equation in mass asymmetry co-
ordinate η with the fragmentation potential,
which is the sum of the mass energies, prox-
imity, Coulomb, and centrifugal potentials of
the interacting fragments. The calculations
for both spherical and deformed fragments in
their optimum HC and CE configurations have
been done at internuclear surface separation
∆R (=0.5 fm). The penetration probability P
refers to the R-motion and is WKB integral.

Calculation and results
Fig. 1 (a) shows that when the fragments

are considered spherical (β2=0), the mass dis-
tribution of fission fragments is symmetric
with the most probable channel consisting of
masses (90, 90) and having shell closures at
Z=40 (semi-magic) and N=50. This means
symmetric fission is driven by spherical shell
closures. When the fragments are deformed
(β2(T )) and oriented to their optimum HC
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FIG. 1: Left panel: Mass distribution of fission fragments for spherical and deformed fragments in their
optimum HC and CE configuration. Middle panel: cross-section as a function of E∗

CN for the fission
channels of the symmetric and asymmetric masses along with their linear fit. Right panel: Same as
middle one, but for the angular momentum `.

and CE configurations, the mass distribution
becomes asymmetric with the most probable
fragment combination of masses (81, 99) with
deformed neutron shell closures at (46, 54)
and masses (80, 100) with deformed shell clo-
sures at (44, 56), respectively. This means
that the deformed shell closures are responsi-
ble for the asymmetric fission of 180Hg∗. Figs.
1 (b) & (b′) shows that the fission channel of
asymmetric masses is the most probable chan-
nel up to 40 MeV of excitation energy for both
HC and CE configurations and beyond, it gets
reversed. This transition energy is consistent
with the experimental/theoretical results pre-
sented in ref. [3] and references therein. For
the spherical case, a sharp fall in the cross-
section around the transition energy occurs.
Fig. 1 (c) shows that the transition of the
asymmetric fission channel to the symmetric
one with angular momentum takes place at
22 ~ for optimum HC configuration. No such
transition is seen in the case of optimum CE
configuration, see Fig. 1 (c′). When the frag-
ments are considered spherical, the most prob-
able channel is the combination of symmetric
masses and its cross-section is higher than the
deformed cases for all angular momentum.

Conclusion

The transition from asymmetric to sym-
metric fission for the CN formed the reaction
36Ar+144Sm→180Hg∗ takes place at an excita-
tion energy of 40 MeV for both optimum ori-
entations. It appears to be due to the change
in magnitude of deformation and hence the
shell gaps with excitation energy. The transi-
tion energy (40 MeV) matches well with the
experimental and theoretical findings. Such
transition is seen with angular momentum but
only for optimum HC configuration.
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