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Introduction

Heavy ion induced reactions provide an es-
sential tool for the production of stable com-
pound nuclear systems. But with increase in
charge/mass number of projectile and target,
the synthesis of heavier nuclei becomes diffi-
cult due to the dominance of strong dissipa-
tive forces. In superheavy mass region, such
effects become more pronounced as the re-
pulsive forces between interacting massive nu-
clei can lead to non-compound nuclear mech-
anisms such as quasi-fission (QF) which hin-
ders the formation of compound nucleus [1].
The knowledge of possible emergence of dif-
ferent fission processes like fusion-fission and
quasi-fission can provide important informa-
tion about the survival of superheavy nuclear
systems against prompt disintegration.

In the previous study of dynamical clus-
ter decay model (DCM) [2], the excitation
functions for evaporation residues of 266Rf∗

formed in 248Cm+18O reaction [3] were ad-
dressed but the fission channel of the same
was not explored. So in the present work, an
attempt is made to address the neutron evap-
oration and fission dynamics of 264Rf∗ super-
heavy nucleus formed in 238U+26Mg reaction.
The experimentally available neutron evapo-
ration and fission decay data [4] is addressed
using β2-deformations and optimum orienta-
tions within DCM framework. Also, an at-
tempt is made to predict the fission cross-
sections around the Coulomb barrier ener-
gies. Further, the decay profile is explored in
terms of preformation yield which suggests the
symmetric fission distribution of 264Rf∗ super-
heavy nucleus. At last, the survival probabil-
ities (WSur) of evaporation residue channels
against fission are estimated.

FIG. 1: (a) Neck-length parameter ∆R plotted as
a function of excitation energy for 264Rf∗ nucleus
to extend the fission cross-sections for unknown
region. Inset shows the linear curve fitting of ∆R
values obtained from experimental data. (b) Pre-
formation yield plotted as a function of fragment
mass (Ai) at two extreme fission energies.

The Model
The dynamical cluster decay model [2]

based on fragmentation theory is worked out
in terms of mass/charge asymmetry, relative
separation R̄, neck parameter, temperature,
deformation [5] and orientation. In terms of
these parameters the Schrödinger wave equa-
tion is solved in η-coordinates at fixed R=Ra

to get the preformation probability (P0) as
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The barrier penetrability (P) of the decay-
ing fragments is worked out using WKB ap-
proach [2]. Finally, in term of P0 and P, the
compound nucleus decay cross-sections for `-
partial waves is calculated as
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Calculations and Results

Fig.1(a) shows the variation of neck-length
parameter (∆R) for fission data as a func-
tion of excitation energy (E∗

CN
). The ∆R

values obtained by fitting the experimental
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TABLE I: The DCM fitted fission cross-sections
in comparison to experimental data [4] for the
decay of 264Rf∗ nuclear system. The DCM pre-
dicted cross-sections for unexplored region are
also shown in this table.

E∗

CN Ec.m. ∆R `max σDCM
Fission σ

Exp.
Fission

(MeV) (MeV) (fm) (~) (mb) (mb)
34.9 110.9 0.951 132 2.17 -
35.4 111.4 0.953 132 2.97 -
40.6 116.6 0.972 134 14.60 -
45.0 121.4 0.988 136 32.54 -
45.4 121.4 0.989 137 40.77 -
52.0 127.0 1.012 139 94.0 95±30
56.0 132.0 1.028 140 117.2 -
56.2 132.2 1.029 140 135.0 -
62.0 127.0 1.054 142 268.0 270±80
72.0 148.0 1.087 143 346.4 -
82.0 158.0 1.123 148 467.5 -
92.0 168.0 1.160 152 501.1 -
100.0 176.0 1.190 164 854.0 910±300

fission data at different energies are shown
in the inset of Fig.1(a) and a linear in-
crease in neck-length values is observed as
a function of excitation energy. This lin-
ear curve gives a relation between E∗

CN

and ∆R as ∆R=intercept+B1E
∗

CN
. Here,

intercept=0.823 and constant B1=0.00367.
Further to predict the fission cross-sections
around the Coulomb barrier, the values of
neck-length parameter at respective energies
are extrapolated using above relation. With
the help of these values of ∆R at different en-
ergies, the fission cross-sections are predicted
using DCM for unexplored region as shown in
Table I. The fission cross-sections show incre-
ment with increase in excitation energy which
indicate higher chances of fission for higher ex-
cited compound system.

Further, the preformation probability (P0)
as a function of fragment mass is plotted
in Fig.1(b) for 264Rf∗ compound system at
two extreme excitation energies. Symmetric
mass distribution of fragments is observed for
reaction under consideration indicating that
fusion-fission is the prime decay mode. The
preformation probabilities (P0) of the frag-
ments in the mass range of A/2±20 is sig-
nificantly high as compare to relatively lower

mass fragments. The possible reason for
the symmetric division of the fragments is
the influence of deformations on the underly-
ing potential which favors mass drift toward
symmetric fission. In addition to the sym-
metric fission, the secondary peaks around
204Pb are also observed in heavy mass frag-
ment (HMF) region but the contribution of
these Pb-peaks is very small in comparison
to symmetric fragments. The presences of
Pb-peaks in HMF region of superheavy nu-
clei are generally related with the quasi-fission
phenomenon, which seems negligible in the
present case. In addition to this, the exper-
imentally available evaporation residues (ER)
[4] cross-sections are also fitted by DCM and
these fitted ER and fission cross-sections are
used to calculate the survival probabilities of
3n, 4n, 5n, and 6n evaporation channels over
fission which are not shown here. A careful
study and comparison of the WSur values for
neutrons evaporation suggest that for higher
energies the compound nucleus stabilizes via
emission of heavier neutron cluster.
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