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Introduction

Heavy-ion reactions with weakly bound
nuclei may result either in CF, or ICF processes
involving fusion of only one of the projectile
fragments. In a recent experiment [1] it is ob-
served that direct processes such as nucleon
transfer leading to breakup of the remaining pro-
jectile contribute significantly to the ICF pro-
cesses. The usual calculations such as CDCC,
semi-classical couple channel [2] or the Classical
trajectory model [3] do not account for breakup
following direct reactions in the ICF processes.

Using the multi-body Classical Molecular
Dynamics simulation of 6Li+209Bi reaction it is
shown that: (i) the breakup of a projectile frag-
ment near the barrier leads to substantial increase
in the ICF probabilities [4]; (ii) the expected in-
crease in σCF on relaxation of the rigid-body
(RB) constraint on the projectile is compensated
by reduction in the flux leading to CF, due to
ICF events [5]; (iii) the breakup probability in-
creases with ECM and, for given ECM it also in-
creases as b increases and peaks around some
b>0 [6], while cross sections σCF and σTF were
calculated for b=0 only [7]

Therefore, we present the results of σCF

(Complete Fusion) and σTF (Total Fusion) calcu-
lations which are obtained at critical impact pa-
rameter, bcr, where many ICF channels open up
and compare with the calculations performed at
b=0, where only few ICF channels open up.

Calculation Details
The weakly-bound 6Li is constructed mak-

ing use of the stable d and α with the energy be-
tween the fragments equal to -1.467 MeV.

The dynamical collision is carried out in the
3S-CMD model in 3-stages [5]: (1) Rutherford
trajectory calculation up to RCM=2500 fm for
given ECM and b; (2) thereafter, assuming the

two nuclei as RB, using CRBD model calcula-
tion; (3) the RB constraints at about RCM=13 fm
are relaxed and the trajectories of all the nucle-
ons are computed as in CMD model calculation.
If one or both the projectile fragments are further
constrained to be RB, then it is dynamically
evolved as in the CRBD-model calculation.

We define CF (DCF+SCF) as an event in
which all the projectile fragments are captured
by the target for long intervals of time. ICF(x) is
defined as an event where x is one of the frag-
ments, α or d, which is captured or x may also be
α+n, α+p, n or p, when d also breaks up.

Barrier parameters for b=0 or bcr for given
ECM and for a given initial orientation of the two
nuclei are obtained for CF or ICF events from
the dynamically generated ion-ion potential be-
tween the target and the projectile-fragments that
are captured. The barrier parameters correspond-
ing to b=bcr,CF or bcr,TF are used in the Wong
formula [8] to calculate σCF or σTF.

Orientation-averaged fusion cross section is
calculated from about 500-2000 Monte-Carlo
sampled initial orientations for every ECM. ICF
cross section are calculated from σTF= σCF + σICF.
ICF events occurs at bcr,CF < b < bcr,TF.

Results and Discussion
In the present calculations, the bond be-

tween the two projectile fragments (d and ), as
well as the  target 209Bi, are kept non-rigid in the
stage-3 for RCM<13 fm; while keeping  in the
projectile fragment rigid.

σCF and σTF calculations for b=0 were re-
ported in [7] and σCF with b=bcr,CF in [5]. We
now calculate TF cross sections for b=bcr,TF and
compare the results for CF and TF for central
and non-central collisions.

Calculated σCF and σTF at b=0 for 6Li+209Bi
reaction are shown in Fig. 1 and compared with
the experimental CF and TF cross sections [9].
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Experimental TF cross sections are obtained as a
sum of the CF and ICF cross sections of ref [9].
The calculated cross sections with b=0 seem to
match well with the experimental cross sections
corresponding to CF and TF respectively, except
at very low energies.
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Fig. 1 CF, ICF and TF cross sections at b=0 [7].
(R- rigid body and NR -non rigid-body constrained).

Conventionally one uses the Wong’s for-
mula [8] for fusion cross section calculations
with b=0 approximation; which is justified at
low energies. However, since at higher energies,
higher partial wave contribution can not be ne-
glected, we still use the Wong formula but with
the barrier parameters corresponding to the
higher partial wave or the critical impact parame-
ter [10, 11]. Moreover, in the case of fusion reac-
tions involving weakly bound projectiles, as
shown in [6] the contribution of incomplete fu-
sion increases at higher values of impact parame-
ters, reaching a maximum and again diminishing
at grazing impact parameters. Therefore, to ob-
tain the effect of ICF events, the cross sections
must include the contributions from trajectories
with higher impact parameters.

The CF and TF cross sections calculated
using the Wong formula with barrier parameters
corresponding to the critical impact parameters
bcr for the particular events are shown in Fig. 2
and compared with the corresponding experi-
mental data.

The difference in the TF and CF cross sec-
tion corresponds to ICF cross sections which are

also shown in Fig. 1 and 2. The calculated ICF
cross section in Fig. 2 corresponding to b=bcr is
much larger at higher energies compared to the
calculated ICF cross sections in Fig. 1 for b=0
case. This large difference arises because of the
increased number of ICF events at b>0.
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Fig. 2 CF [5], ICF and TF cross sections at bcr.
(R- rigid body and NR -non rigid-body constrained).

The CF and ICF cross sections in Fig. 2 are
of the same order of magnitude, although CF
cross sections in Fig. 2 are enhanced compared
to those in Fig.1. The TF cross sections (Fig. 2)
are also enhanced due to the enhanced values of
ICF cross sections and are overestimated com-
pared to the experimental values.
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