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Introduction
Nucleon clusterisation has been widely used

to explain a number of nuclear phenomena
within nuclear cluster models by treating the
nucleons as a cluster rather than free nucleons.
The well known examples of nuclear clustering
is the tightly bound alpha particle and Hoyle
state of 12C. Low-energy heavy ion collisions
leading to the decay products of the very-light-
mass composite systems (A = 20−40) have
been studied extensively, specifically for the
composite systems in which neutron and pro-
ton numbers differs or are equal [1–4]. The
clusterisation has been well explained within
the Dynamical Cluster Decay model (DCM)
[2–4] studies. These studies have revealed
that, the minima in the potential-energy sur-
face (PES) lie at α-particle-like nuclei in case
of N = Z, where as the minima start to ap-
pear at non-α clusters with the addition of
the neutrons to either the projectile or tar-
get or both. A competition between various
processes like FF and DIO and nuclear clus-
ter structure has also shown to play significant
role in some cases [2, 4].
It makes an interesting case to study few more
composite nuclei in this mass region to de-
velop a systematics. With this motivation,
we intend to extend the study [3] by inves-
tigating fragments emission from composite
nuclei (CN) 24,25Mg∗ formed in the reactions
12,13C +12 C at Elab ∼ 6 MeV/nucleon [6],
within DCM to give a dynamical description
of the mechanism based on collective clus-
terization approach. The fragmentation po-
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tential for both the CN 24,25Mg∗ was pre-
sented and quite interestingly the results for
the most favoured or minimized fragments are
in line with the experimental findings which
show the enhancement in the measured yields
of fragments with respect to the specific exit
channels containing the complementary bi-
nary fragment as α-cluster or neighbouring
nuclei. This preliminary study has been ex-
tended here further to calculate the fragment
cross sections, which includes penetration of
the preformed fragment through the scatter-
ing potential barrier, within the DCM, de-
scribed briefly in the following sections. The
calculations, discussions and results and, their
comparison with the experimental data [6], is
presented in the last section.

Methodology
The Dynamical cluster decay model (DCM)

[2–5] of Gupta and collaborators is worked
out in terms of collective co-ordinates of mass
(and charge) asymmetries. In terms of above
said co-ordinates, for `-partial waves, the com-
pound nucleus decay cross-section is given by

σ =
π

k2

lmax∑

l=0

(2l + 1)P0P ; k =

√
2µEc.m.

~2

(1)
Where, µ = [A1 − A2/(A1 + A2)]m, is the
reduced mass, with m as the nucleon mass
and `max is the maximum angular momentum.
Where P is the barrier penetration probabil-
ity and P0 is the preformation probability at
a fixed R on the decay path. The P0 are eval-
uated by solving stationary Schrödinger wave
equation and P calculated as the WKB tunnel-
ing probability.The structure information in
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FIG. 1: The fragmentation potential as a func-
tion of fragment mass A2, for the decay of CN (a)
24Mg∗ and (b) 25Mg∗, for the spherical consider-
ations of the nuclei.
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FIG. 2: The ratio of cross sections of the frag-
ments in 13C +12 C and 12C +12 C reactions.

P0 enters through the fragmentation potential
V (η,R) as shown in Fig. 1.

Calculations and Discussions
Fig. 1 shows the fragmentation potential

as a function of fragment mass A2 for the
decay of CN 24Mg∗ (Fig. 1(a)) and 25Mg∗

(Fig. 1(a)), for the spherical considerations
of the nuclei. The minimized fragments 6,7Li
and 7,8,9Be have strong competition from the
neighbouring fragments. Moreover, we see
that 7Li is strongly favoured in comparison to
7Be fragment, which is quite evident from Fig.
1 (separate dots are mentioned here on poten-
tial energy surface plot, for 7Be fragment).

Fig. 2 presents the ratio of total cross
sections of the fragments 6,7Li and 7,8,9Be
in 13C +12 C and 12C +12 C reactions. In

this plot, solid circles represent the exper-
imental data whereas open stars and open
squares, triangles represent the DCM calcu-
lations and statistical model calculations, re-
spectively. For 6,7Li fragments, the com-
plementary binary reaction products in the
two reactions are 19,18F and 18,17F , respec-
tively. The DCM calculated fragmentation
of 24,25Mg∗ into isotopes of Li and F is in
very good agreement with the experimental
data. However, the complementary fragments
for 7Be are (17,18O), among which 18O have
well established cluster structure.
As observed experimentally [6], there is en-
hancement in the measured yield than statis-
tical model calculations, which is a clear sig-
nature of the dominant role played by clus-
ter structure. Here, DCM calculated result
is in little better comparison due to inclusion
of structure effects in the calculations. For
the emission of 8Be the complementary decay
channel 16O is well known α cluster nucleus
which boost up the yield of these exit chan-
nels. As a result, 8Be experimental yield ra-
tio will be lower than the calculated yield and
it will be just opposite for 9Be. We expect
to improve the results further with the inclu-
sion of deformation effects in the calculations.
Work is in progress.
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