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Introduction
A comprehensive information on the collec-

tive motion of nuclear systems may be ac-
quired by measuring the properties of evapo-
rated residue (ER) and fusion-fission (ff) frag-
ments. Several efforts have been undertaken
to get an insight of the decay dynamics of
compound nuclei (CNs) in the mass region
of A≈200, as elements of this region play an
important role in synthesis of super-heavy el-
ements. In view of this, a theoretical at-
tempt has been made in the framework of
dynamical cluster-decay model (DCM) [1] to
explore the decay patterns of 197Tl∗ formed
via 16O+181Ta reaction at excitation energy,
E∗
CN=45 MeV. The calculations are done us-

ing spherical and quadrupole (β2) deformed
decay fragments with optimum orientations
of hot-compact and cold-elongated configura-
tions. Moreover, the relative analysis of static
(T-independent) and dynamic (T-dependent)
deformations is also carried out to investigate
the distribution pattern of fission fragments.

Methodology
DCM works in terms of the collective co-

ordinates such as mass asymmetry parameter
(ηA), relative separation R between two frag-
ments, multipole deformations βλi and ori-
entations θi (where, i = 1, 2 for heavy and
light fragment). The deformation parameters
are also made temperature dependent, by us-
ing the relation: βλi(T ) = exp(−T/T0)βλi(0),
where βλi(0) represents the static deformation
and T0 is the temperature of the nucleus at
which shell effects start to vanish (T0 = 1.5
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MeV). Using these coordinates, the fragmen-
tation potential V (η, T ) is calculated at a fixed

R as, V (η, T ) = −
∑2
i=1[Bi(Ai, Zi, T )] +VC +

VP + V`. Bi, VC , VP and V` are, respec-
tively, the binding energy, Coulomb interac-
tion, nuclear proximity and centrifugal poten-
tials [1]. V (η, T ) is further used as an in-
put in Schrödinger equation of η-coordinate to
obtain preformation probability P0 of decay-
ing fragments as: P0 = |ψ[η(Ai)]|2 2

ACN

√
Bηη.

Bηη are the smooth hydrodynamical mass pa-
rameters. The CN decay cross section are cal-
culated using ` partial waves method. For
more details see [1].

0 20 40 60 80 100
-80

-60

-40

-20

0

20

40

60

80

ff

ER

 

ff

ER

Dynamic  

Static   

16O+181Ta 197Tl* A1+A2

Fragment mass A2

Fr
ag

m
en

ta
tio

n 
po

te
nt

ia
l (

M
eV

)

 

 

 min

 max

 min

 max

Hot- compact

FIG. 1: The fragmentation potential VR(η, T ) as
a function of A2 for the decay of 197Tl∗ nucleus.

Results and discussion
Fig. 1 represents the fragmentation poten-

tial as a function of fragment mass A2 for
the decay of 197Tl∗ nucleus at E∗

CN=45 MeV
(Ec.m.=69.94 MeV) by incorporating static
(βλi(0)) and dynamic (βλi(T )) quadrupole de-
formations with hot-compact orientations at
`min=20~ and `max=124~ values. A careful
look at the fragmentation plot suggests that
the structure and magnitude of fragmentation
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TABLE I: DCM calculated ERs cross section using spherical, β2 (static & dynamic) deformations.

Ec.m. Spherical β2-Static β2-Dynamic

Hot Cold Hot Cold

∆R σ ∆R σ ∆R σ ∆R σ ∆R σ σExpt.

(MeV) (fm) (mb) (fm) (mb) (fm) (mb) (fm) (mb) (fm) (mb) (mb)

69.64 1.69 101.0 1.64 107.9 2.14 101.0 1.68 107.4 1.74 101.1 101.05
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FIG. 2: Preformation probability P0 as a function of fragment mass for the decay of 197Tl∗ using (a)
spherical, (b) β2-deformed (static & dynamic) hot-compact, and (c) cold-elongated configurations.

potential are modified with temperature ef-
fects in the deformation parameter. Moreover,
the minimum value of ` is more prone to the
decay of light particles, and the emission of fis-
sion fragments at higher ` values takes place.
Table I represents the DCM-calculated evapo-
ration residue cross-sections along with other
parameters for all considered approaches. The
calculated cross-sections show nice agreement
with the experimental data [2]. Note that
fission cross-section data is not available at
considered energy. Further, to see the effect
of dynamic deformations in the fission region,
the preformation probability P0 of 197Tl∗ is
plotted at `max=124~ in Figs. 2(a,b,c) for
three configurations such as spherical, hot-
compact and cold-elongated. A broad sym-
metric peak is observed in Fig. 2(a) for the
case of the spherical approach. Fig. 2(b)
represents an asymmetric fission distribution
for the case of static deformations. After in-
cluding dynamic deformations, the asymmet-
ric behaviour of hot-compact configurations
changes to triple humped mass distribution
but having a higher probability of symmet-
ric fission. For the case of the cold-elongated

approach in Fig. 2(c), the sharp symmetric
fission peak broadens with the inclusion of dy-
namic deformations. Overall, one can say that
the symmetric fission pattern is observed for
the spherical and dynamic deformed approach
of both hot and cold orientations. This sym-
metric division of the nucleus is in agreement
with the experimental result of Ref. [3]. More-
over, the choice of most probable symmetric
fragments (i.e., 98Zr+99Nb) remain the same,
independent of the choice of fragment orienta-
tions for β2-dynamic case.
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