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Introduction
Fusion cross sections for heavy-ion
reactions have been calculated in various
classical and semi-classical models. In the classical approach fusion cross sections have been
calculated using different model such as Classical Molecular Dynamics (CMD) [1], Classical
Rigid-Body Dynamics (CRBD) [2], a 3-Stage
Classical Molecular Dynamics (3S-CMD) [3]
model and a microscopic Static BarrierPenetration Model (SBPM) [4]. In the present
work 3S-CMD model is used to calculate fusion
cross section. This model combines the advantages of both CMD and CRBD models. This
model uses ion-ion potential obtained from dynamically evolving classical microscopic configurations of nuclei with a suitable NN-potential.
The 3S-CMD model calculation [3]
proceeds in the following three stages:
(1) Rutherford trajectory calculation at very large
separation, followed by (2) CRBD calculation
with rigid-body constraint on both the nuclei up
to distances close to the barrier, followed by (3)
finding the trajectories of all the nucleons in a
full CMD calculation for further evolution by
numerically solving Coupled Newton’s equations of motion for all the point nucleons.
In the present work we calculate fusion
cross sections for 16O+120Sn and 16O+208Pb systems in 3S-CMD model. Fusion cross sections
are calculated using classical and semi-classical
approximations and compared with the
experiments.
Fusion cross sections for 16O+16O and
16
208
O+ Pb has been calculated using the soft-core
Gaussian form of NN-potential,
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with the parameter set P4 (V0 = 1155 MeV, C =
2.07 fm, r0 = 1.2 fm) [1] in ref. [5]. Using this
potential, the fusion cross sections calculated for

16

O+16O reaction in ref. [5] shows good agreement with the expt. data but in the case of
16
O+208Pb reaction it is overestimated below the
barrier energies. The reason for this overestimation is the larger rms radius of the 208Pb which is
produced in the calculation in ref. [5] with P4.
In the present work we have used a new
potential parameter set (called as NP) from ref.
[6], where it is used to reproduce the correct
ground-state properties of the heavy-mass nucleus 209Bi. The use of this potential parameter set
might give better agreement in the case of 3SCMD calculation of classical fusion cross sections for 16O+208Pb reaction and to some extent
for 16O+120Sn reaction also. We have also used
another set of potential parameters named NP1
for 16O+120Sn reaction, which correctly reproduces the ground-state properties of 120Sn.

Calculation Details
The nuclei are generated using the variational potential energy minimization code
STATIC [1] and are further “cooled” using
DYNAMIC [1] method. The ground state properties of the nuclei are calculated using the parameter set NP (V0 = 710 MeV, C = 1.88 fm, r0 =
1.15 fm) [6]; and NP1 (V0 = 550 MeV, C = 1.88
fm, r0 = 1.2 fm) which closely reproduces the
ground state properties of 120Sn. The calculated
ground state properties of the nuclei used in the
present calculations are given below:
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BE(MeV)
-107.98
-111.49
127.62
-965.61
-1014.53
1020.55
-1604.44
1636.46

R(fm)
2.23
2.33
2.73
4.56
4.68
4.65
5.51
5.50

β2
-0.05
-0.11
0.00
0.03
-0.08
0.00
0.14
0.00

Fusion cross sections are calculated using
the classical formula [1],

 fusion   bcr2

(2)

Available online at www.sympnp.org/proceedings

615

Proceedings of the DAE Symp. on Nucl. Phys. 58 (2013)

Result and Discussions
16

O+208Pb Reaction : Fusion cross sections

for 16O+208Pb reaction calculated using NP and
using eq.(2&3) are shown in fig.1 and are compared with the experimental data of ref. [7,8].
This fig. also shows the result of ref. [5] for potential P4. The dynamical simulation is carried
out in 3S-CMD model.
The potential parameter set NP gives
the good agreement with expt. for 6Li+209Bi in
ref. [6], however, for 16O+208Pb reaction the calculated fusion cross sections with this potential
NP are underestimated compared to the experimental data. However, it shows the usual experimental trend of falling cross sections at very
high energies although there is no experimental
data available in this energy region for comparisons for this reaction.

the expt. data [9]. The fusion cross sections calculated using potential NP and using eq.(3) are
underestimated with all of the expt. data. The
ground state properties of the generated nuclei
for 120Sn using potential NP in table above are
not in close agreement with the experimental
values.
The fusion cross sections calculated using the potential NP1 which shows close agreement for the ground state properties of 120Sn are
also shown in fig.2. The fusion cross sections
calculated using the Wong’s formula eq.(3) with
potential NP1 shows overall good agreement
with most of the experimental data at higher energies. At lower energies it is overestimated
while the fusion cross sections calculated using
the classical formula for fusion cross sections eq.
(2) match with the experimental data below the
barrier energies while at higher energies it is
underestimated.
1000
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Where, bcr is the maximum (critical) impact
parameter for which the two nuclei fuse. In the
semi-classical approximation, the fusion cross
sections are calculated using the Wong’s
formula [3],
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where, VB, RB and ω are barrier parameters for a
trajectory near the critical impact parameter (bcr).
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Fig. 2: Fusion cross section for 16O+120Sn reaction

1000

100

References

 fus(mb)

10

16O+208Pb

1

EXPT.[7]
EXPT.[8]
P4 - Eq.(2)[5]
P4 - Eq.(3)[5]
NP - Eq.(2)
NP - Eq.(3)

0.1

0.01

0.001

70

80

90

100

110

Ecm (MeV)

Fig. 1: Fusion cross section for 16O+208Pb reaction
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for 16O+120Sn reaction are calculated in 3S-CMD
simulation with potential NP and NP1 and using
eq.(2&3) are shown in fig.2 and compared with
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