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Introduction

Recently, fusion with weakly bound sta-
ble/ radioactive nuclei and the influence of
breakup on complete fusion has received a
great amount of attention in nuclear physics
[1,2]. These studies are important in under-
standing the nucleosynthesis process, and in
the production of nuclei near the drip line.
Several experimental and theoretical studies
of fusion reactions with weakly bound pro-
jectile like 6Li,7Li, 9Be have been performed
over the last two decades. The main issues in
these in these studies is to determine, if the
weak binding leads to enhancement or hin-
drance of the complete fusion cross sections.
There are theoretical calculations that predict
either suppression of the complete fusion (CF)
cross sections due to breakup of loosely bound
nucleus or enhancement of the same due to
coupling of the relative motion of the collid-
ing nuclei to the breakup channel. In gen-
eral, from the data of stable weakly bound nu-
clei on heavy targets, it can be said that the
suppression in complete fusion increases with
(a) target atomic number (ZT ) and (b) de-
crease of projectile break-up threshold (Eth ).
But there is not any empirical expression for
the suppression as a function of ZT and Eth .
Complete fusion suppression is a well known
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phenomenon observed with 5,6Li, 9Be weakly
bound projectiles on various targets [3]. Also
the fusion suppression is found to be target
independent for a particular projectile. There
are very scarce measurements on the fusion
cross section of stable weakly bound projec-
tiles on the medium mass targets around mass
region 100, to draw any conclusion on suppres-
sion/hindrance on fusion cross section. So, we
have performed fusion cross section measure-
ments in this mass region.

Experimental Details

The experiment was carried out at BARC-
TIFR Pelletron LINAC Facility, Mumbai.
Self-supporting, rolled, natural foils of 93Nb,
with thickness 1.02-1.9 mg/cm2 were irradi-
ated by beams of 9Be, in the energy range
Ebeam = 20-46 MeV. The aluminium catcher
foils of thickness 2 mg/cm2 were mounted be-
hind the target foils to stop the recoiling re-
action residues. Targets were irradiated for
4 hrs. for the energies above barrier and 6-
8 hrs. for below barrier energies with typi-
cal beam current of 40-100 nA. The beam
current was recorded at regular intervals of 1
min. using CAMAC scaler. The γ rays from
irradiated samples were counted offline using
two efficiency calibrated HPGe detectors. The
target-catcher foil assembly was placed either
at a distance of 10 cm from the face of the de-
tector or on the face of the detector, depending
on the activity of the irradiated sample. Both
the HPGe detectors were shielded with Cu-



FIG. 1: A typical gamma spectra from ER de-
tected in HPGE detectors at Ebeam = 36 MeV.

FIG. 2: Activity of the 98Rh evaporation residue
as a function of time at Ebeam=36 MeV. Line cor-
responds to activity obtained by fitting the data.

Cd Pb shielding for reducing the background
radiation. The efficiency and energy calibra-
tion of the HPGe detectors were done using
standard 152Eu and 133Ba γ-ray sources. Data
were recorded in VME based data acquisition
system for below barrier energies. The com-
pound nucleus 102Rh produced in the reaction
decays to 98−101Rh by evaporating successive
neutrons (1n-4n), over the energy range of
measurement.

Analysis and Result

A typical gamma spectra from evaporation
residues (ER) detected in HPGe detector at
beam energy of Ebeam=36 MeV is shown in
fig.1. The residues from CF and incompete fu-
sion (ICF) were identified by their character-

FIG. 3: Comparison of 98Rh ER cross section at
various energies with pace calculations [5].

istic γ rays and are marked in the figure along
with thier half-lives. The identification of γ
rays was confirmed by half-life measurement
as shown in Fig. 2. In the CF channel, 100Rh
(2n), 99Rh (3n) and 98Rh (4n) residues are
dominant. In the ICF 96Tc(α,2n), 95Tc(α,3n)
residues were identified. The cross sections
of the residues were estimated from the stan-
dard expression used in the offline γ-ray count-
ing [4] considering the yield, half-life, cool-
ing, counting time, efficiency of detector and
branching ratio etc. Fig. 3 shows compar-
ison of 98Rh evaporation residue (ER) cross
section at various energies with pace calcula-
tions [5] (shown in line). Further analysis is
in progress. We will be presenting the results
of contributions of CF and ICF in 9Be+93Nb
system.
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