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1. Introduction
In fusion reactions with weakly bound pro-

jectiles having low breakup threshold, besides
the complete fusion (CF) process there can
be significant contribution from incomplete fu-
sion (ICF) process [1]. In collisions with heavy
targets, these two contributions could be sep-
arated experimentally. But for medium and
low mass targets, the measurements of fu-
sion cross sections provides the total fusion
(TF=CF+ICF) cross sections [2, 3]. Recently,
an attempt has been made to separate the CF
component from the TF cross section mea-
surement for 6Li+64Ni system [4]. The moti-
vations were to investigate, in case of medium
mass targets, the magnitude of suppression,
if any, in CF cross section due to ICF pro-
cess at above barrier energies and the origin
of enhancements in TF and CF cross sections
at below barrier energies. Continuing to in-
vestigate the collisions of other weakly bound
projectiles, we have completed our measure-
ment of fusion cross sections around the bar-
rier energy for 7Li on 64Ni, the heaviest sta-
ble isotope of nickel. The data from the new
measurement will be presented along with the
analysis to separate the CF from the TF cross
sections. A comparison with the fusion of 6Li
projectile and 64Ni target will be shown.

2. Experiment and Analysis
The experiment was carried out at BARC-

TIFR Pelletron Facility in Mumbai, India.
The 7Li beam with energies varying from 12 to
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28 MeV was bombarded on a self-supporting
target of 64Ni of thickness 507 µg/cm2. A
monitor detector was placed at 30◦ for nor-
malization purpose. The fusion cross sec-
tions were determined using the characteris-
tic γ rays detection technique. To detect the
γ rays, a clover detector was placed at 45◦

and a HPGe detector at 150◦ with respect to
the beam direction. The fusion residue cross
sections were estimated entirely from the mea-
sured transitions to the ground states of the
residues. Several such transitions correspond-
ing to each residue channel were recorded.
The fusion cross section at each energy is the
sum of the observed residue cross sections, ob-
tained by summing over the γ-ray cross sec-
tions. To get an estimate of the direct ground
state feeding contribution, which cannot be
measured in γ-ray detection technique, a sep-
arate off-line measurement was done by de-
tecting the characteristic X-rays from residues
having reasonable electron capture lifetime.

3. Results and Discussions
The compound nucleus 71Ga, produced in

the fusion of 7Li and 64Ni, decays to form
the residues 69Ga(2n), 68Ga(3n), 69Zn(pn),
68Zn(p2n), 66Cu(αn) and 65Cu(α2n) respec-
tively by evaporating various particles. The
residues produced through 2n, 3n and pn
evaporation channels are associated only with
the CF process and the rest can be produced
from CF as well as other reaction processes.
The experimental fusion excitation functions
of each residues and the summed TF cross
sections are shown in Fig. 1. A compari-
son with the one dimensional barrier pene-
tration (1DBPM) prediction is also shown in
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FIG. 1: The measured excitation functions of indi-
vidual residue channels and that of TF are shown
along with the 1DBPM prediction for the system
7Li+64Ni. The population cross section of 68Ga at
Elab=26 MeV from off-line measurement is shown
by a solid star.

Fig. 1. A slightly modified Akyüz-Winther po-
tential, with V0 = 48.0 MeV, r0 = 1.12 fm and
a0 = 0.66 fm, was used in the fusion cross sec-
tion calculation with the code CCFULL [5].
The resultant barrier parameters, VB , RB and
~ω, are 12.20 MeV, 9.19 fm and 3.41 MeV,
respectively. A coupled channel (CC) calcu-
lation has been performed including the cou-
pling to projectile and the target excitations.
It is clear from the Fig. 1 that the TF exci-
tation function is well reproduced by 1DBPM
prediction at above barrier region. But the TF
cross sections are significantly enhanced com-
pared to 1DBPM and CC predictions at below
barrier energies (Fig. 2a). The CF cross sec-
tion, extracted using the 2n and 3n channels
following the procedure described in Ref.[4],
is found to be suppressed on an average by
∼7% at above barrier energies. The suppres-
sion factor (∼ 0.93) of CF cross section for
7Li+64Ni system is much lower compared to
that of the 6Li+64Ni (∼ 0.87) [4]. This shows
that, for a fixed target, the suppression de-
creases as the breakup threshold of the pro-
jectile increases. The below barrier enhance-
ment of CF cross section is well reproduced by
the CC calculation. This has been shown in

FIG. 2: a) The excitation functions of mea-
sured TF, derived CF, experimental (2n+ 3n) for
7Li+64Ni. The 1DBPM and CC predictions and
PACE prediction for 2n+3n channel cross section
are shown by solid, dotted and dashed lines. b)
Relative enhancement (EF) as a function of en-
ergy to Coulomb barrier ratio.

Fig. 2b where the relative enhancement fac-
tor, EF, has been plotted as a function of en-
ergy. The large enhancement in TF at be-
low the barrier is due to the large population
of 66Cu(αn), a channel that has contributions
from CF, ICF and cluster transfer reactions.
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