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Introduction

Fusion of weakly bound projectile has been the
special concern during last few decades due their
importance in nucleosynthesis and energy production
[1]. The low breakup threshold of these nuclei
increases the probability of breakup and that of
transfer of its fragments to the target. Therefore
during last decade much attention has been paid to
investigate the breakup and transfer effects on fusion
reactions initiated by these nuclei. Furthermore, the
consideration of coupling of excited states of target
and projectile also influences the fusion reaction
Cross section.

Hence in this conference contribution we
present the results of our investigation on influence
of coupling of excited states of projectile and target
and those of deuteron transfer on the fusion reaction
induced by °Li on '%2Sm target using coupled channel
approach through code CCFULL [2].

Theoretical formalism
The reduced coupled channel equation after

employing Iso- centrifugal or rotating frame
approximation is written as
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The all variables appeared here are having their usual
meaning and are discussed in ref. [3]. The nuclear
potential (VY (r)) in entrance channel is approximated
by Woods-Saxon potential which is expressed as

Vo(r)
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Herev,(r) , R and a gives the depth, range and
diffuseness parameters of the potential. The depth
and range are further parameterized as

V,(r) = _40ﬂ
R, +R;

with  Rugy =1 (Av) ~077(Ay )
and R= ro(Ap% + AT%) JFo=1.17fm

In present calculations the rotational and vibrational
coupling of interacting nuclei has also been included.
For detailed description see refs. [2, 3]. Now fusion
reaction cross section may be calculated through
expression [2,3]
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where Pj(E) is the penetration probability
corresponding to angular momentum J.

Results and discussion

The fusion reaction cross section for °Li + *Sm
system has been calculated using Coupled channel
code CCFULL and results obtained are presented in
fig.l. The wvalues for potential parameters,
deformation parameters and energy of excited state of
projectile and target are taken from ref. [3].
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Fig. 1 (color online) Fusion reaction cross section
for SLi+™*Sm system. Data points are taken from
[41.

Fig. 1 depict the results corresponding to the cases (I)
when only target excited states are considered (dotted
line), (1) when only excited states of projectile are
taken (dashed-dot line), (I11) when excited states of
both target and projectile are considered (dashed-
dot-dot line) (1) when deuteron transfer in addition
to coupling of both projectile and target excited states
are considered (solid line) (V) when no coupling is
considered (dashed line). From these calculations it
can be clearly observed that uncoupled calculations
underestimate the data in below barrier (arrow( y)
represents the barrier height in figs.) region while
data is overestimated in above barrier region.
Inclusion of excited states of target alone produces an
enhancement of 21% in fusion reaction cross section
while due to projectile excited states produces an
enhancement of 56% as compared to uncoupled
calculations. An enhancement of 74% has been
observed on inclusion of both the projectile and
target excited states at energies below the Coulomb
barrier. However, the inclusion of deuteron transfer
decreases this enhancement by 15%.

Here for clear understanding of degree of
suppression or enhancement in fusion cross section
we have defined an enhancement factor (EF;) as

EF, =2, i=12;

Jguc
0; ={0pcirc fori =1; opcyrcerr for i = 2}

where PC, TC, Tr and UC correspond to the coupling
of projectile excited states only, of target excited
states only, deuteron transfer and uncoupled case.
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The enhancement factor has been plotted as a
function of center of mass energy, E.m (MeV) in Fig.
2.

EF,

Fig. 2 (color online) Enhancement factor for °Li+'*?Sm
system.

It is clearly visible from fig. 2 that the coupling of
excited states of both the projectile and target leads to
an enhancement in fusion reaction cross section near
Coulomb barrier energy region while in the above
barrier energy region coupling effects remains
negligible. However, the inclusion of deuteron
transfer leads to the reduction of the enhancement
factor in whole region of spectrum.

Conclusively, coupling to the excited states
of reactants leads to an enhancement in fusion
reaction cross section in below barrier region while
no significant effects have been observed in above
barrier region. Further the inclusion of deuteron
transfer reduces this enhancement in whole energy
region especially in above barrier region which
eventually reproduces the data.
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