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Introduction

The study of decay products of composite
systems formed in heavy ion reactions helps
to understand the role played by different
processes in the fragment emission. The ex-
perimental studies in light mass region have
been directed to understand the decay dy-
namics of compound nuclei formed in light
mass region [1–3], for last couple of decades.
These light composite nuclei show signatures
of competing decay mode (deep inelastic or-
biting) with partial entrance channel mem-
ory in addition to well known decay path of
fusion-fission [1, 2] and show large deforma-
tions in the excited states [3].

In the present work, we study the com-
paritive nuclear structure effects in the de-
cay of light mass α compound systems 28Si∗

(16O+12C), 40Ca∗ (12C+28Si) and non-α
compound system 39K∗ (11B+28Si) at nearly
same excitation energy E∗

CN∼67 MeV, within
dynamical cluster decay model (DCM) of
Gupta and Collaborators [4]. In α cluster
nuclei the number of protons and neutrons
are equal and these are multiple of alpha nu-
cleus 4He. It is relevant to mention here
that the decay of 39K∗, 40Ca∗ has been stud-
ied within DCM but with spherical consid-
eration of interacting nuclei [5]. Since light
nuclei are known to be deformed, therefore
in the present work we take up study of
these systems with quadrupole deformations
and orientations of interacting nuclei consid-
ered. The experimental Z-distribution data
shows enhanced yield near the entrance chan-
nel (Z=5) for these systems in comparison
to Z=3,4 fragments, indicating presence of
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competing reaction mechanisms in their de-
cay [2]. It is relevant to mention here that
nuclear structure effects enters into DCM via
preformed clusters, with certain preformation
probability P0, before tunneling the interac-
tion barrier.

Methodology

The DCM [4] is based on quantum me-
chanical fragmentation theory and is worked
out in terms of collective coordinates of mass
asymmetry η = (AT -AP )/(AT+AP ) and rel-
ative separation (R) with effects of deforma-
tions and orientations duely incorporated in
it. In terms of these collective coordinates,
using the ℓ- partial waves, the decay cross-
section is defined as
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where ℓc, the critical angular momentum,
penetrability P refers to R motion and is cal-
culated using WKB approximation, P0 refers
to η motion and is given by sol. of stationary
Schrödinger equation in η, at a fixed R = Ra,
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The minimized fragmentation potential
(VR(η ,T) in eq. 2) is the sum of temper-
ature dependent Coulomb, proximity, cen-
trifugal potentials along with temperature
dependent liquid drop energies and shell ef-
fects. For a fixed βλi

, the potential values
for all possible mass (A) combinations corre-
sponding to a given charge (Z) is minimized
in mass coordinate (η) and gives the most
probable/minimized potential for the outgo-
ing fragments.
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FIG. 1: (Color online) Variation of fragmentation potentials with fragment mass A for the decay of (a)
28Si∗, (b) 39K∗ and (c) 40Ca∗ at ECN

∗

∼67 MeV and for ℓ=0 ~ alongwith respective ℓc-values.

Calculations and Discussions
The Fig. 1 shows the calculated mass

fragmentation potentials at ℓ=0 and the
respective ℓc-values for the decay of α
compound systems (28Si∗, 40Ca∗) and
non-α compound system (39K∗) at nearly
same excitation energy E∗

CN∼67 MeV with
quadrupole deformation and orientation of
the outgoing nuclei included. We observes
that at ℓ=0 ~, light particles, LPs or evap-
oration residues production is prominent
while this trend is reversed by including the
angular momentum effects and intermediate
mass fragments, IMFs starts competing with
LPs at higher ℓ values.
In α compound systems at ℓ=ℓc, there
is strong minima for symmetric decay of
28Si∗ while symmetric decay of 40Ca∗ is
having strong competition from neighboring
fragments (18F , 14N) and lighter IMFs.
Interesting enough, in case of non-α com-
pound system 39K∗, the nearly symmetric
breakup is favored neither at ℓ=0 nor at ℓc
in comparison to the α compound systems
(28Si∗, 40Ca∗). Further, we will look for the
comparative penetrability of these minimized
fragments or strongly preformed fragments

through interaction barrier and try to fit
the cross-section for ff and DIO processes in
reference to the available experimental data
[2]. Study is in progress.
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