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Introduction

Model Decscription: DCM

The study of the fission of highly excited
nuclei remains a topic of great interest.The
description of fission cross section and fission probabilities in induced fission, that involves the entrance channel, the transmission
through the fission barrier and the competition with other exit channels, is a field of
continuous activity. The Dynamical Clusterdecay Model (DCM) of Gupta and collaborators [1, 2] has been used to study the binary
breakup of various compound nuclei formed
in low energy nuclear reaction. In DCM, the
temperature for all the binary channels in the
decay is considered same corresponding to the
excitation energy of the compound nucleus,
∗
. However, the choice of keeping the same
ECN
temperature for all the decay products results
in excitation energies whose sum differs with
∗
.
that of the total excitation energy ECN
Thus, in this work we report for the first
time, a temperature tuned dynamical cluster decay model with specific temperature for
each channel. For our study we have considered the very recently reported binary decay
of 181 Re∗ compound nucleus formed through
the entrance channel 12 C +169 T m reaction
[3] wherein 26 fission like events with charge
numbers 32 ≤ Z ≤ 49 were identified at three
different excitation energies corresponding to
the incident energies of Elab ≈ 6.4, 6.9 and
7.4 A MeV with the angular momentum values ≈ 37 ~, ≈ 41 ~, and ≈ 45 ~, respectively.
Further, a broader and symmetric mass distribution, manifesting their production through
compound nuclear process is reported.

In DCM, the equations of motion for the
binary breakup of hot and rotating compound
nucleus are solved in the the mass asymmetry,
η = (A1 − A2 )/(A1 + A2 ) and the relative separation coordinate, R. The binary fragmentation potential V (η) at a fixed R is defined
as
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V (η) = −

2
X

[BELDM (Ai , T )] +

2
X

δUi (T )

i=1

i=1

+ EC (T ) + VP (T ) + V` (T )
with 1 and 2 referring respectively to light
and heavy fragments. Here, instead of keeping the same temperature for all channels,
the temperature for each channel is tuned
∗
such that ECN
= E1∗ + E2∗ , where the
individual exictation energies are evaluated
as Ei∗ = B.E(T )i − B.E(T = 0)i with
i = 1, 2. BELDM (Ai , T ) are the Krappe’s
temperature dependent binding energy, and
δUi are the shell corrections, which vanishes
to zero exponentially with T . EC (T ) =
Z1 Z2 e2 /R(T ) is the Coulomb potential, with
 1/3
Ri (T ) = 1.16 1 + 7.63 × 10−4 T 2 Ai
and
touching point is defined as Rt = R1 + R2 +
∆R. The nuclear potential is evaluated as
VP (T ) = 4π R̄(T )γb(T )φ [s(T )]
with R̄(T ) , φ [s(T )], and γ respectively, as
the inverse of the root mean square radius of
the Gaussian curvature, the universal function
and the nuclear surface energy constant.
The centrifugal potential is
V` (T ) =

~2 `(` + 1)
2IS (T )

Available online at www.sympnp.org/proceedings

519

Proceedings of the DAE Symp. on Nucl. Phys. 63 (2018)

where the moment of inertia is evaluated at
the complete sticking limit.
The decoupled approximation to R and η
motion can be used to evaluate respectively
the penetration probability P and preformation probability P0 . P0 is obtained by solving
the stationary Schrödinger equation governing
the η coordinate at R = Rt as,
Bηη

2
A

12

C+

-1456

with Bηη as the hydrodynamical mass parameter. The penetration probability P can be
evaluated using the WKB approximation at a
fixed η as

) MeV

p

V(

P0 (Ai ) = |ψ[η(Ai )]|2

range of neck length parameter between 0.9
and 1.0 fm. We have not attempted for fitting
to the data, which can be done by considering
different neck length parameter for different
channels. Thus, the temperature tuned DCM
is found to fairly reproduces the experimental
trend of the mass distribution.
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Ra and Rb are the first and second turning
point satisfying, V (Ra ) = V (Rb ) = Qef f .
The decay cross-section is defined in terms of
the partial waves as,
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with Ec.m. as the incident energy.

Results and Discussion
The calculated fragmentation potential energies, preformation probabilities clearly indicates, a stronger and broader minimum and
maximum respectively in the symmetric region as shown in Fig. 1 (a) and (b) respectively. It is to be mentioned that, the potential
energies, preformation probabilities and crosssections are computed only for the restricted
mass window of 75 to 106 as reported in the
Ref. [3].
Thus, the cross section also inturn reflects
a broader and symmetric distribution for all
the energies considered for the study. In the
calculations, a constant neck length distance
is considered for all the binary channels. We
find that the experimental cross-sections are
lying between our theoretical results for the
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FIG. 1: (a) Fragmentation potential for different
`-value (b) Logarithmic plot of preformation probability at ` = 10~ and (c) Comparison of cross section with experimental data for Elab = 89.25M eV
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