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Exploring the reaction dynamics involving
weakly-bound stable/unstable nuclei is a topic
of current interest [1? , 2]. Presence of loosely
bound cluster structure and exotic shapes in
these nuclei leads to new reaction channels,
e.g., breakup, transfer-breakup, and fragment-
capture. These channels contribute to a sig-
nificant part of the total reaction cross sec-
tions around the Coulomb barrier energies [4–
7]. Another interesting observation is the large
inclusive α-particle production cross sections
in reaction involving weakly bound projectiles
with α + x cluster structure, e.g. 6,8He, 6,7Li,
and 7,9Be, compared to that of the comple-
mentary fragments. In our earlier work, we
have shown that, t-capture process, which is
the admixture of two processes, t-fusion after
the breakup of 7Li and direct t-stripping, is
the dominant mechanism for the production
of large α-yields [9]. In the present investiga-
tion, we have aimed to quantify the relative
importance of the breakup-fusion and direct
cluster-stripping channels.

Particle-γ coincidence experiment was per-
formed at Ebeam = 24 MeV for 7Li+93Nb
system at Pelletron-Linac facility, Mumbai.
Self-supporting 93Nb foil of thickness ∼ 1.75
mg/cm2 was used as target. Indian National
Gamma Array (INGA) was used for the mea-
surements of prompt γ-ray transitions. All the
detectors were arranged in a spherical geome-
try with three detectors at 23◦, six detectors
at 40◦, five detectors at 65◦, and four detec-
tors at 90◦ with respect to the beam direction.
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FIG. 1: A typical in-beam γ-ray spectrum in co-
incidence with α particle selected as the outgoing
fragment for the 7Li+93Nb reaction at Ebeam = 24
MeV. The characteristic γ-transitions from 95Mo
and 94Mo formed due to t-capture followed by
evaporation of one and two neutrons are marked.

The distance from the target to crystal was 25
cm. Efficiency and energy calibration of the
clover detectors were carried out using stan-
dard calibrated 152Eu and 133Ba γ-ray sources.
The overall photo peak efficiency was found
to be around 2% at Eγ = 1 MeV. Three Si
surface barrier telescopes were placed inside
the scattering chamber at 35◦, 45◦ and 70◦ for
the detection of charged particles around the
grazing angle. Thicknesses of the ∆E and E
detectors were ∼ 15-30 µm and ∼ 300-5000
µm, respectively. One Si surface barrier de-
tector of thickness ∼ 300 µm was kept at 20◦
to monitor Rutherford scattering for absolute
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FIG. 2: The side-feeding pattern for 94Mo mea-
sured in singles and in coincidence with the α-
particle scattered at angles 35◦, 45◦, and 70◦.

normalization purposes. Digital data acquisi-
tion system with a sampling rate of 100 MHz
was used to collect the data in time stamped
mode [8].

The fragment-capture reaction mechanism
was identified by measuring prompt γ-rays
arising from the residue in coincidence with
the outgoing particles. The measured in-
beam γ-transitions in coincidence with outgo-
ing α-particle is shown in Fig. 1. The photo-
peaks corresponding to the characteristic γ-
rays from 95Mo and 94Mo formed due to t-
capture followed by evaporation of one and
two neutrons are labeled. The measured sin-
gles α-particle spectra is shown in the inset of
the Fig. 1(b). Two zones, high and low en-
ergy regions of Eα are highlighted in the inset
figure. The Fig. 1 (a) and (b) are correspond-
ing to the high and low energy zone of the
Eα. As can be seen from the figure the photo
peaks due to γ-transitions from the residues
corresponding to the two neutrons evaporation
channel (94Mo) are dominant for coincident α-
particle with relatively lower energies (zone-1).
While those from 95Mo, formed after one neu-
tron evaporation, are dominant in the zone-2
with relatively higher energy of the outgoing
α-particles.

The relative intensity of the various low ly-
ing levels in 94Mo from singles measurement
and in coincidence with the α-particle scat-
tered at angles 35◦, 45◦, and 70◦ are presented
in Fig. 2 as a function of their spin. The trend
of the data found to similar for 7Li+165Ho sys-
tem [10]. The relative intensity found to de-
crease for the levels of higher spins in coin-
cidence with the α-particles with respect to
the intensity measured in singles. It can also
be noticed from the figure that the slope of
the falling of relative intensity increases with
the scattering angle of the outgoing α-particles
for higher J-values. From the present exclu-
sive measurement of charged particle and γ-
rays combined with exclusive measurements
of charged particles from Ref. [5] along with
theoretical calculations, the two mechanisms
breakup-fusion and cluster-stripping are seg-
regated. The details of the investigations will
be presented in the conference.
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