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Introduction
The Heavy ion reactions with weakly bound
and tightly bound projectile (6,7Li, 9Be,10,11B) on
different targets are being studied at near the
Coulomb barrier energies since the last many
years. Effect of coupling between the relative
motion and the intrinsic degrees of freedom of the
participating nuclei is manifested as a “threshold
anomaly” (TA) in the energy dependence
behaviour of the real part of the effective
interaction potential [1]. The measurements of the
elastic scattering angular distributions determine
parameters of the real and imaginary parts of the
optical model potential parameters. From
systematic analysis of elastic scattering
measurements involving tightly bound nuclei, the
so called “threshold anomaly” (TA) has been
observed in a number of systems [2]. This has
been understood in terms of couplings of elastic
channel to the direct reaction channels that
generate an additional attractive real dynamic
polarization potential. In case of scattering of
loosely bound projectiles a different type energy
dependence from that of TA is observed, which
has been known as „breakup threshold anomaly‟
(BTA). In case of BTA, a repulsive real dynamical
potential is generated due to couplings of breakup
channels to the elastic scattering. There are some
contradictory observations regarding BTA. For 7Li
+ 80Se, TA has been observed, whereas for 6Li +
80
Se, the BTA has been reported [3]. Therefore,
more measurements involving heavy targets and
weakly bound projectile are required to understand
the systematics of TA and BTA.
The present thesis mainly focuses the study of
threshold anomaly and breakup threshold anomaly
effects on elastic and quasi elastic scattering
channels that involve stable but weakly bound and
tightly bound nuclei, namely 6,7Li and 10,11B on
heavy mass target 232Th. With this objective, in the

present thesis, two different experiments have
been performed for 6,7Li+232Th and 10,11B+232Th
reactions at around the Coulomb barrier energies.
In depth, elastic scattering angular distributions for
6,7
Li + 232Th systems have been carried out. The
quasi elastic scattering and transfer angular
distribution have been carried out for 10,11B+232Th
systems. Also, simultaneous dispersion relation
study obtained for this systems. From the elastic
scattering
angular
distributions,
energy
dependences of optical potential parameters and
reaction cross sections have been obtained.

Experimental Details
The experimental measurement for elastic
scattering angular distribution for 6,7L + 232Th and
10,11
B + 232Th systems were carried out at BARCTIFR pelletron facility, Mumbai India. To
measure the scattered particles, Four E-E silicon
surface barrier detector telescopes and two
monitor detectors were mounted inside the general
purpose scattering chamber.

Results and Discussion
Elastic
scattering
angular
distribution
measurements have been carried out for the 6,7Li +
232
Th systems at several bombarding energies from
below to well above the Coulomb barrier. The
experimental data have been analysed by using the
ECIS [4] WSP and SPP double-folding forms of
phenomenological optical potentials. The relevant
parameters that give a best fit to the elastic
scattering angular distribution were obtained
through a χ2-minimization procedure. The
behavior of the corresponding parts of the
potential as a function of energy is consistent with
a situation close to the threshold anomaly for the
7
Li + 232Th system. The increasing trend around
the barrier of the imaginary part of the
phenomenological potential as a function of
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energy indicates the absence of the usual threshold
anomaly for the 6Li + 232Th system and this may
be interpreted as evidence of the breakup threshold
anomaly. The enhanced reaction cross sections
have been observed at sub-barrier energies for the
6
Li + 232Th system in comparison to the 7Li +
232
Th system. It will be interesting to have more
exclusive measurements in order to understand the
higher breakup probabilities for the 6Li projectile
[5].
Further, in this thesis work we have carried out
the simultaneous measurement of the quasi-elastic
scattering and transfer angular distributions in
10,11
B+232Th systems for bombarding energies from
10% below to 20% above the Coulomb barrier.
Optical model analysis of the experimental data
have been performed to determine both the real
and the imaginary parts of the optical potential as
a function of beam energy. It is observed that as
the bombarding energy decreases, the imaginary
potential decreases and real potential increases.
The behavior of the corresponding potential
parameters as a function of energy is consistent
with the usual threshold anomaly, confirming the
tightly bound characteristics of both the
projectiles, 10,11B. The reaction cross section
obtained from the optical model analysis show
large enhancement for the 10B+232Th system in
comparison to the 11B+232Th system at sub-barrier
energies. The reduced reaction cross sections have
been obtained for both 10,11B + 232Th reactions and
compared with the reactions of other projectiles
(6,7Li) with 232Th target.
For the analysis of angular distribution of the
transfer reaction products, we have measured the
yield of 12,13C, 9,10Be, and 6,7Li at various angles
for both 10,11B+232Th systems. The same telescopes
were used for the measurement of both quasi-

elastic as well as transfer products and we have
normalized the data at various angles with the
yield of the monitor detectors. The transfer cross
sections were obtained from the yield of the
transfer products at various angles comparing with
the calculated Rutherford scattering cross sections
at forward angles. The transfer products show a
bell-shaped angular distribution at energies above
the Coulomb barrier and the grazing angle shifts
towards back angles at sub-barrier energies [6,7].
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