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Introduction
Fission excitation functions, i.e., fission

cross-section σfiss as a fuction of center-of-
mass energy Ec.m. or compound nucleus (CN)
excitation energy ECN , together with fission
fragment angular distribtions are measured
for the 19F+194,198Pt reactions forming the
CN 213,217Fr∗ [1]. As expected, σfiss for the
more fissile CN 213Fr∗ is significantly larger
over the entire measured energy range as com-
pred to that for the less fissile 217Fr∗. A
significant contribution from the evaporation
residue cross-section σER is also measured at
some of the energies (three of six), giving
the total fusion cross-section at these ener-
gies. The anisotropy data for 217Fr∗ (with
N=130) are in good accord with the statis-
tical saddle-point model (SSPM) over the en-
tire energy range, except at the highest one
energy. On the other hand, the anisotropy
data for 213Fr∗ (with N=126) show noticeable
deviations from SSPM calculations at a few
energies. The authors of this work [1] asso-
ciate this deviation with the magic neutron
number of the CN, whereas in a recent work
[2] some of us considered the possibility of a
noncompound, quasifission (qf) component in
the fission cross-section.

In this paper, we look for both the possibil-
ities of the role of CN N=126 and the qf com-
ponent, on the basis of the dynamical cluster-
decay model (DCM) of Gupta and collabo-
rators [2, 3]. We have carried out our cal-
culations for the deformed fragments, using
quadrupole, octupole and hexadecapole (β2,
β3 and β4) deformations, having ”optimal”
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FIG. 1: Preformation probability as a function of
the fragment mass number, for the decay of 213Fr∗

(upper panel) and 217Fr∗ (lower panel).

orientations of hot configuration [4]. Note that
the DCM is applied for the first time to an
odd-mass fissioning nuclear system with a sig-
nificant σER contribution.

The Model

In DCM, we use the collective co-ordinates
of mass asymmetry η = (A1 −A2)/(A1 + A2)
and relative separation R, which allow to de-
fine the CN decay cross-section, in terms of
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FIG. 2: Comparison between the experimental [1]
and calculated σfiss and σER using the DCM for
213,217Fr∗.

the partial waves, as

σ =
π

k2

lmax∑

l=0

(2l + 1)P0P ; k =

√
2µEc.m.

~2
,

(1)
with µ as the reduced mass and lmax, the
maximum angular momentum, which could be
taken as a free parameter or else fixed for the
vanishing of the fusion barrier of the incoming
channel, or for the light particle cross-section
σER(`) → 0. P0, the pre-formation probabil-
ity, is the solution of stationary Schrödinger
equation in mass asymmetry coordinate
η, and P is the WKB penetrability of the
preformed fragments or clusters in R-motion.
The only parameter of the model is the
temperature dependent neck length parame-
ter ∆R(T), defining the first turning point
Ra = R1(α1, T ) + R2(α2, T ) + ∆R(T ) for the
penetration process.

Calculations and Results
Fig. 1 shows the behavior of preformation

probability P0 as a function of the fragment
mass for the decay of CN 213Fr∗ and 217Fr∗
at about the same ECN ∼49 MeV, and at
the two extreme `min and `max values. The
interesting result is a double-humped, asym-

metric fission distribution for 213Fr∗ (N=126)
and a tripple-humped symmetric-asymmetric
distribution for 217Fr∗ (N=130). This differ-
ence arises due their neutron number being
different, resulting in different minima corre-
sponding to either Z=40 or N=50, or both,
in their fragmentation potentials. In terms of
the contribution to fission cross-section, ap-
parently, the symmetric fission (SF) compo-
nent is small (or zero) for 213Fr∗ and non-zero
for 217Fr∗. This difference in the structure of
fragmentation potential or, equivalently, the
preformation probability could be associated
with the shell closure of neutrons in 213Fr∗.

Fig. 2 presents the comparison between
our DCM calculated σfiss and σER for both
the 213Fr∗ and 217Fr∗ systems with the exper-
imental data [1]. The near exact comparison
between the calculations and data for both
the cross-sections leaves no scope for the qf
component in either of the two σfiss data.

Summary and Conclusions
The calculated double-humped, asym-

metric fission distribution for 213Fr∗ and a
tripple-humped symmetric-asymmetric dis-
tribution for 217Fr∗ point out to the possible
role of magic N=126 in 213Fr∗, resulting in
an almost zero contribution to the σfiss due
to the symmetric fission. The near exact
comparisions between the σfiss (as well as
σER) for both the CN give rise to no possi-
bility of quasifission component in the fission
cross-sections of either of the two systems.
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