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Introduction
In recent years a large number of measurements of the fusion cross sections involving
weakly bound nuclei such as 6,7Li on several
targets have been performed around the Coulomb barrier [1]. If all the projectile fragments
are captured by the target nucleus then it is
termed as complete fusion (CF).
Fusion cross sections for heavy-ion reactions near and above the barrier is calculated in
various classical and semi-classical model.
Within the frame work of classical approximations heavy-ion fusion cross sections
have been calculated in CMD [2] or 3-Stage
Classical Molecular Dynamics (3S-CMD) approach [3]. The 6,7Li+209Bi reactions have been
studied in the multi-body 3S-CMD approach [4]
with a soft-core Gaussian form of NN-potential,
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with a potential parameter set (NP) (V0 = 710
MeV, C = 1.88 fm, r0 = 1.15 fm) which is used to
reproduces the ground state properties of the
nuclei.
In the present contribution we have calculated fusion cross sections for 6Li+209Bi and
7
Li+209Bi reactions in 3S-CMD approach by
treating 6Li and 7Li nuclei as tightly bound nuclei
to compare with the calculations of ref [4] which
are carried out using multi-body 3S-CMD approach in which the projectile 6Li is treated as
weakly bound cluster of 2H and 4He and 7Li is
treated as a weakly bound cluster of 3H and 4He.

Calculation Details
We have calculated the ground state
properties of the tightly bound nuclei used in the
present calculations with a new potential parameter set (NP) and potential energy minimization code STATIC [2] in which the total potential
energy of an initially random distribution of nucleons is cyclically minimized. The ground state
properties of tightly bound nuclei generated using potential NP is given in table below.

Fusion cross section are calculated for a
single barrier by Wong’s formula in the semiclassical approximation for a given orientation of
collision energy Ecm [3],
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Table:1 GS properties on constructed nuclei
6

B.E
(MeV)
Rrms
(fm)
β2

Cal.
Exp.[5]
Cal.
Exp.[6]
Cal.
Exp.[8]

Li
29.15
31.99
1.51
2.54
0.008
-

7

Li
38.63
39.24
1.66
2.39
-0.46
-

209

Bi
1606.15
1640.30
5.55
5.52
-0.09
0.011

The dynamical collision calculation is carried out in the 3S-CMD model which proceeds in
the following three stages.
(1) Rutherford trajectory calculation up to
RCM=2500fm for given Ecm and b, followed by
(2) CRBD calculation with rigid body constraints
on both nuclei up to distance close to the barrier,
followed by (3) CMD calculation in which rigid
body constraint are relaxed near the fusion barrier and the trajectories of all the nucleons are
computed using the Coupled Newton’s equation
of motion [3].
In the present calculations the 3S-CMD
stage is carried out for Rcm ≤ 13 fm for 6Li+209Bi
and 7Li+209Bi reaction using potential parameter
NP of ref [4].
For a given Ecm, a large number of random
initial orientations (about 2000 at lower energies
and 500 at higher energies) are considered in the
present calculation and the orientation-averaged
fusion cross section is calculated.
In the classical approximation, fusion
cross section is calculated from the following
classical formula [2],

 fusion   bcr2

(3)

where bcr is the maximum (critical) impact parameter for which the two nuclei fuse.
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Result and Discussions
6

Li+209Bi Reaction :

The calculated fusion cross sections for
Li+209Bi reaction are shown in fig. 2. The calculated fusion cross section with eq.(2) gives
good agreement compared to those with eq.(3)
at lower energies and overestimated at the higher
energies. Fusion cross sections calculated with
eq.(3) are highly underestimated with the experiment data [7]. Due to the smaller radius of the
generated 7Li projectile in the present calculations (see table-1).
We also compare present results with those
of CF-events of ref [4] in fig.-2. It may be noted
in the present calculation that 7Li is not allowed
to be broken into fragments and like in the calculations of ref [4] it lacks a very important breakup channel arising from the p-pickup from the
target 209Bi.
7

Calculated fusion cross section for
Li+209Bi reaction using 3S-CMD model usingWong formula eq.(2) for b=bcr (blue circle) is
shown in fig.1. Also shown in this fig. is expt.
fusion cross section [7]. Calculated fusion cross
section is overestimated at higher energies and
underestimated at the lower energies compared
to the experimental data.
Fusion cross section calculated with
classical formula eq.(3) is also shown in fig.1
(red diamond) which gives better agreement with
the experimental data at higher energies but below the barrier it is highly underestimated due to
the lack of penetrability in classical calculations.
6

1000
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Fig.1 fusion cross section is function of collision
energy for 6Li+209Bi reaction.

Fig.2 fusion cross section is function of collision
energy for 7Li+209Bi reaction.

In this figure we also compare present
results with the fusion cross section of ref [4]
(green triangle). Due to the smaller radius of 6Li
in present calculation we observe that present
cross sections with eq (3) are slightly underestimated compared to those of ref [4] while that
with eq (2) are slightly overestimated as in the
present calculation the projectile being strongly
bound one does not lead to incomplete fusion
events to reduce the flux from CF events.
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