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Introduction

Nuclear reactions involving ex-
otic/radioactive projectiles at energies
around the Coulomb barrier offer widespread
opportunities to explore different aspects
of nuclear structure and dynamics [1]. The
weakly bound nuclei, 6,7Li, 9Be, and 10,11B,
are often characterized by their low breakup
threshold energies, α+x cluster structure, and
the extended mass and radius distributions.
The break up of these nuclei into constituent
clusters may lead to a two-fold impact on
reactions, which is (i) enhanced breakup
probability that suppresses the fusion of the
entire projectile with the target nucleus and
(ii) reduced elastic scattering, which does not
necessarily suggest a decrease in transmitted
flux available for fusion probability at sub
barrier energies. Further, if the breakup is
treated as inelastic excitation to a bound
state, it may enhance fusion cross-sections.
However, it may cause attenuation in the
incoming flux, which leads to suppression
in fusion cross-sections if it is considered
excitation into the continuum.

Withal, recent studies with 9Be and 6,7Li
projectiles suggest substantial CF suppression
at above barrier energies [1]. However, the un-
derlying dynamics of CF suppression involving
different weakly bound projectiles is not yet
fully established. The fusion cross-sections of
9Be induced reactions on light to heavy mass
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targets have been reported that the breakup
of 9Be projectile hinders the CF by the cross-
sections deduced for the ICF [2], which is con-
trary to what has been found for 6,7Li projec-
tiles, where ∼ 20 % to 30% suppression have
been observed irrespective of the target. CF
suppression factor for 9Be has been found to
vary from 10 % to 40 % without any particular
behavior for target, charge, or mass [3, 4]. In
order to further investigate different aspects
of nuclear reactions involving 9Be+116Sn sys-
tem, an experiment was performed at energies
22.5 - 33.5 MeV at the Pelletron-Linac facility
in Mumbai.

Experimental Details and Data
Analysis

In this experiment, self-supporting target
foils of 116Sn (∼ 1.9 - 2.1 mg/cm2) were ir-
radiated using 9Be beam, keeping the beam
current typically in the range of 10-35 pnA.
Aluminum catcher foils of sufficient thickness,
∼ 2.5 mg/cm2, were placed behind the tar-
gets to stop the recoiling evaporation residues
during the irradiation. Beam current was
recorded at 30 or 60-second intervals using a
CAMAC scaler. The irradiated target-catcher
foil assemblies were counted off-line using pre-
calibrated high-purity Germanium detectors.
The energy calibration and efficiency measure-
ment of the detector was performed using a
standard 152Eu source. In order to reduce
the ambient background and back-scattered
gamma rays, the detectors were shielded with
lead rings. At sub-barrier energies, the targets
were counted in a close geometry (on the face
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FIG. 1: Typical decay curve of 123Xe evapora-
tion residue expected to be populated via 2n-
channel in 9Be+116Sn system. A half-life of 2.28
h is obtained by following Eγ-178.1KeV at Elab =
30MeV , which is indicating the confirmation of
123Xe residue.

24 26 28 30 32 3410-2

10-1

100

101

102 123Xe(2n)

 

 

 Experimental
 Pace4

 

(m
b)

Elab (MeV)

FIG. 2: The excitation function of 123Xe(2n)
channel populated in the 9Be+116Sn system.
Symbols are self-explanatory

of the detector) to tackle the issue related to
the reduced count rate. A digital data acquisi-
tion system employing a CAEN digitizer (14-
bit ADC, 100MHz sampling rate) was used to
record the data, and the offline data analysis
was performed using LAMPS software.

The preliminary identification of the reac-
tion products is carried out by identifying the
characteristic γ-lines (Eγ) and confirmed by
the decay curve analysis. The yield of a γ-line

has been followed at particular beam energy
with increasing lapse time from the stop of
irradiation. Fig. 1 shows the yield of the γ-
line plotted as a function of time, indicating a
half-life of (2.28 ± 0.11 h), which corresponds
to 123Xe evaporation residue populated via
emission of two neutrons (2n-channel) from
the excited compound nucleus 125Xe. The
same procedure has been followed for the iden-
tification of other reaction products. The
yields of characteristic gamma rays are used
to extract the cross-sections following the pro-
cedure prescribed elsewhere [6]. The cross-
sections of evaporation residues have been
measured in the energy range of 0.8 - 1.2 Vc

(Vc =28.31MeV). From the preliminary data
analysis, the excitation function (EF) of 123Xe
populated via 2n-channel is plotted in FIG.2.
As seen in this figure, the cross-section of this
channel drops steeply at lower energies. It
shows substantial suppression at above-barrier
energies, as expected. The detailed analysis of
the data and its interpretation in the frame-
work of theoretical model codes is underway.
Conclusive evidences of fusion suppression and
detailed results of the investigations will be
presented during the symposium.
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