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Observation of asymmetric fission in the preactinide region at low energy provides an
opportunity to improve our understanding of the fission process. Several experiments
have been carried out to study the role of N/Z, entrance channel and excitation energy.
In contrast to the heavy fragment charge driven asymmetry in the actinide region, evi-
dence of stabilization in light fragment proton configuration have been observed in the
experimental data. Different theoretical models proposed different mechanisms to explain
the observed asymmetric fission in this region. Discrepancies have also been observed
between the experimental results and theoretical predictions. Further investigation is
required for quantitative understanding of asymmetric fission in general and preactindes
in particular.

Interpretation of the complex process of nu-
clear fission continues to be a challenging task.
Strongly favoured asymmetric mass fragments
in fission of actinides is explained by invok-
ing microscopic corrections to the liquid drop
potential energy surface. As the mass num-
ber of the fissioning nuclei decreases below
A ≈ 224, a transition from asymmetric domi-
nated to symmetric dominated fission was ob-
served in electromagnetic induced fission, in-
dicating the weakening of shell effects [1]. Fur-
ther presence of shell effects was evident from
the appearance of a dip at the middle of the
fragment mass distribution for 201Tl and flat
top distributions in nuclei around it from the
studies using p and α beams on preactinide
targets [2]. For the lighter preactinides, the
measured mass distributions were found to
be single peaked, indicating the dominance
of liquid drop in that region. Recent obser-
vation of almost exclusively asymmetric mass
distribution outside the actinide region in β-
delayed fission of neutron deficient 180Hg [3]
has given a new impetuous for studying fission
in the preactinde region both experimentally
and theoretically.

In β-delayed fission, the fissioning nucleus
is populated just above the fission barrier,
thus it can sense the full shell correction.
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However, there are not many cases where β-
delayed fission can occur. Only a few sys-
tems have been studied so far and in most
of the cases the statistics is very poor due
to extremely low cross-section, hindering def-
inite conclusion. The charged particles in-
duce fusion-fission reactions have also been ex-
ploited to study the fission properties in this
mass region. Such studies are mostly lim-
ited to excitation energies ≈ 20 MeV above
the saddle point due to the entrance chan-
nel Coulomb barrier. Though the shell cor-
rections fade-out significantly at these ener-
gies, fusion-fission studies have been found to
be sensitive to it [4]. Population of the neu-
tron deficient preactinide region requires heav-
ier beams (Z≥17). Heavier beams also bring
in large angular momentum and open up the
possibility of fission before complete equilibra-
tion (quasi-fission). Presence of such a process
also results in asymmetric mass distribution
and needs to be considered for unambiguous
interpretation of the data [5]. Recent results
from charged particle induced fission reactions
will be discussed.

Several measurements have been carried out
recently using proton to iron as one of the
colliding partners to measure fission fragment
mass distributions in the preactinide region.
Fragment mass as well as total kinetic energy
(TKE) have been estimated from the measure-
ment of time-of-flight and emission angles of
the fragments. The experimental mass dis-
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tributions in many cases show a dip at the
middle or flat top. Multi-Gaussian fit are em-
ployed to extract the mean positions, widths
and fraction of the asymmetric components
from the experimental mass distributions. In-
formation about the charge distributions were
extracted under the assumption of unchanged
charge density (UCD) in most of the studies.

In a systematic analysis of the available
experimental data, it was observed that the
mean Z value of light fragment remains con-
stant at Z ≈ 36, while the mean Z value of
heavy fragment peak increases with increasing
Z of the fissioning nuclei [4]. No such prefer-
ence was observed in neutron sharing between
the fragments. Mean neutron numbers of both
light and heavy fragments were found to in-
crease monotonously with increasing neutron
number of the fissioning nuclei. Thus it was
evident that the asymmetric fission of preac-
tinide nuclei is driven by the stabilization of
the light fragments at Z ≈ 36. When com-
bined with the existing results in the actinide
region, a striking connection emerged, show-
ing the change over of stabilizing role from
light fragment in preactinides to heavy frag-
ments in actinides. Role of Z ≈ 45 shell was
also inferred in some experimental studies.

Several theoretical models have been em-
ployed to understand the observed asymmet-
ric fission in the preactinide region. The
Brownian shape motion (BSM) approach on
a 5 dimensional potential energy landscape
has been used to calculate mass distributions
for a large number of nuclei in this mass re-
gion and predicted a large island of asym-
metry. The calculation of the single-particle
levels of 186Pt, which is at the center of the
BSM predicted island of asymmetry, showed
a large gap at the neutron Fermi surface for
asymmetric shape, favouring asymmetric sad-
dle shapes. However, the experimental mass
distributions for 187Ir, which is also located
very close to the center of the BSM pre-
dicted island of asymmetry, are found to be
symmetric [6]. Though the initial results us-
ing the microscopic energy density functional
(EDF) model highlighted the contribution of
neutron shells in the nascent fragments, the

dominance of proton configuration over that
of neutron was observed when the calcula-
tions were performed for more systems. Sev-
eral other theoretical works highlighted the
role of prescission configuration in asymmet-
ric fission. The experimental mass distribu-
tions could be reproduced well using the semi-
empirical code general description of fission
observables (GEF), which incorporates a new
fission mode at Z ≈ 36.

Possible presence of quasifission in the same
region was investigated by populating the
same compound nuclei(191Au) via two differ-
ent entrance channels, namely 16O+175Lu and
37Cl+154Sm. It was observed that the mea-
sured mass distributions for the Cl induced re-
action was much broader than those for the O
induced reaction at similar excitation energy
and angular momentum [5]. The observed
difference in the mass distributions between
the two entrance channels could be explained
using a di-nuclear system model. Compet-
ing presence of quasi-fission and asymmetric
fusion-fission was observed in this region in re-
actions involving projectiles with Z ≥ 17 from
a systematic comparison of the available ex-
perimental mass widths.

In summary, even though lots of experimen-
tal as well as theoretical studies have been per-
formed to investigate the origin of asymmetric
fission in the preactinide region at low energy
recently, quantitative understanding remains
elusive. This talk will highlight the important
advances in this topic.
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