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Introduction

For the successful formation of heavy nuclei,
deep understanding of fusion-fission process
of the compound nucleus formed in low en-
ergy heavy ion reaction is essential. A number
of factors and properties influence the fusion-
fission process and hence need be handled with
proper care in order to make meaningful pre-
dictions regarding the behavior of a nuclear
system. Considering the importance of these
factors (to be discussed in the following), we
have done an extensive study on the fusion-
fission excitation functions of 215Fr∗ formed
in 18O+197Au reaction.

It has been reported in Ref. [1] that, the
systems having entrance channel mass asym-
metry (α = (AT − AP )/(AT + AP )) smaller
than the Bussinaro-Gallone mass asymme-
try (αBG) show preference for pre-equilibrium
or quasi-fission, compared to the ones with
larger mass asymmetry. These observations
are made in reference to the variance of mea-
sured anisotropies with respect to the sta-
nard saddle-point statistical model (SSPM)
anisotropy predictions. In other words,
the difference in measured and SSPM based
anisotropies indicate the possibility of quasi-
fission in addition to normal fission process.

The decay of 215Fr∗, formed in 18O+197Au
reaction over a wide range of energy, has been
studied using the Dynamical Cluster-decay
Model (DCM) of Gupta and collaborators [2].
The DCM provides an effective alternative to
the statistical Hauser-Feshback analysis and
the statistical fission models, and hence used
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successfully to understand the cross-sections
for Evaporation Residues, Intermediate Mass
Fragments, Fusion-Fission and Quasi Fission
processes. We have carried out the calcula-
tions using quadrupole deformed (β2) consid-
erations alone, using the “optimum” orienta-
tions for hot (compact) configurations in the
fragmentation process.

The Model

The DCM, based on the well-known quan-
tum mechanical fragmentation theory, includ-
ing the effects of deformations and orienta-
tions of the two incoming or outgoing nuclei,
contains the effects of angular momentum `
and temperature T . Using partial waves, the
compound nucleus decay cross-section is
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with µ as the reduced mass and lmax, the
maximum angular momentum, fixed for the
vanishing of the fusion barrier of the incom-
ing channel, or else for the light-particles
cross-section σER → 0. P0, the pre-
formation probability, is the solution of sta-
tionary Schrödinger equation in mass asym-
metry coordinate η and P is the WKB pen-
etrability of the preformed fragments or clus-
ters in R-motion. The only parameter of the
model is the T-dependent neck-length param-
eter ∆R(T). The fission anisotropy is also cal-
culated for the DCM based parameters, within
the SSPM approach [3].

Calculations and discussion

In the present work, we have calculated the
fission cross-sections for the decay of 215Fr



FIG. 1: (a) Fission cross-sections σfission(Ec.m.)
calculated on DCM using IS limit, compared
with experimental data and (b) The DCM cal-
culated anisotropies using INS limit, compared
with SSPM calculations and experimental data on
anisotropy, for decay of compound nucleus 215Fr∗.

(αBG=0.855) compound system formed in
18O+197Au (α=0.833) channel in reference to
recent experimental data [4]. Hence, this is
a case of α < αBG, and should prefer quasi-
fission process [1]. However, our DCM cal-
culated fission cross-sections (σfission) in Fig.
1(a) show an excellent agreement with the
experimental data at all reported centre of
mass energies, thereby providing no signature
of quasi-fission or any other non-compound
nucleus decay process in the decay of 215Fr
nucleus. It is important to note that these
calculations are made for use of the sticking
moment-of-inertia IS , where the `max is fixed
for σER → 0. In this connection, it is rele-
vant to say that `max is controlled by the only
parameter ∆R of the model, the neck length
parameter, which in turn depends strongly on
choice of moment-of-inertia for angular mo-
mentum effects in the potential. We find that
the sticking limit IS , used here for fitting
the fission cross-sections, is more appropriate
which has consequences for the limiting `max-

value to be much larger than for the other
choice of non-stickig moment-of-ineria INS .

In addition to fission cross-sections, Fig.
1(b) shows the fission-fragment anisotropies
calculated for use of the constants, along with
the predictions of standard SSPM, and avail-
able experimental data. Once again, the DCM
based fission-fragment anisotropies are found
to be consistent with the SSPM predictions,
suggesting the absence of quasi-fission com-
ponent in the decay of 215Fr. Note that
here the DCM calculated anisotropies are for
use of moment-of-inertia in the non-sticking
limit INS (=µR2). Thus, the DCM-based
anisotropies are compared with SSPM and ex-
perimental data at a relatively much smaller
value of angular momentum `max-value.

Concluding, within the DCM, the non-
sticking moment-of-inertia is found more
appropriate for the anisotropy calculations
whereas the sticking moment-of-inertia is
more appropriate for obtaing the fission cross-
sections which involves a larger limiting value
`max and hence a smaller neck-length param-
eter ∆R required for the proximity potential
(≤2fm).
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