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Introduction
Study of nuclear reactions with weakly

bound nuclei is of considerable interest
nowadays [1]. The effect on fusion and breakup
reactions using the stable and unstable projectiles
in the last decade has attained a great attention
along with variety of theoretical approaches. In
the case of weakly bound projectiles there is
smaller breakup threshold due to which the
breakup cross section may be quite large near the
Coulomb barrier and also strongly affects the
fusion cross section. Of considerable interest is
the study of elastic scattering on light, medium
and heavy targets that play a leading role
towards the understanding of the dissociation of
the weakly bound systems. From this, it is
important to study the elastic scattering on
different projectile target combinations with
varying asymmetry, in order to understand more
complicated reactions. The cross-section of
elastic scattering can help to obtain an optical
potential which is necessary to understand the
entrance and exit channel potentials of some
transfer reactions. Breakup effects also play an
important role in the scattering mechanism,
affecting the interaction potential. One of the
important points of investigation is whether the
effect of breakup is essential to increase the total
reaction cross-section. Therefore, it is important
to investigate the dependence of the breakup and
total reaction cross-sections near the barrier
energies.

Reduction Methodology

In order to perform a systematic study of
total reaction cross-sections with different
weakly bound projectiles with several targets, it

is necessary to compare the cross-sections for
systems with different Coulomb barriers.

For this purpose, it is necessary to suppress
the differences arising from the size and charges
of the systems. This can be done in different
ways. The two most frequently used reduction
procedures are to normalize the collision energy
with respect to the barrier height and to divide
the cross-section by its geometrical value, i.e., to
plot σR/πRB

2 against Ec.m.−VB or Ec.m./VB, where
RB and  VB are, respectively, the s-wave barrier
radius and height and should be evaluated using
a realistic treatment of the optical potential
similar to the folding model. However, this
procedure does not consider the important
influence of the barrier curvature at the sub-
barrier energies [3]. It has been pointed out [2]
that when weakly bound projectile nuclei are
involved,  care  should  be  taken  in  order  to
preserve the static effects arising from the low
breakup energy of the projectile. So, the
reduction method should remove the dependence
on  the  masses  and  charges  of  the  collision
partners but not specific features of the projectile
density. The proposed reduction method [2] is to
plot σR/(Ap

1/3+At
1/3)2 versus   Ec.m. (Ap

1/3+At
1/3)

/Zp Zt. This method has been extensively used to
investigate the role of breakup of weakly bound
nuclei on the fusion and reaction cross-sections
for a variety of systems (see, for example, refs.
[4-6]) and is shown in Fig.1 (a). However, it was
recently pointed out [3] that the above-
mentioned reduction procedures fail to remove
appropriately the static effects on the fusion
reactions of different systems. In the newly
proposed methodology [3], this is achieved. This
methodology was later extended to be used with
total reaction cross-sections [7]. The procedure
takes into account not only the height and radius
of the Coulomb barrier, but also its curvature
represented by the quantity ħω. The collision



energy and the cross-section are reduced, as
FF(x) = (2Ec.m./ħωRB

2)σF and x =  (Ec.m. − VB)
/ħω. Here, VB , RB and ħω are the height, radius
and curvature parameter of the Coulomb barrier,
respectively. Similarly, for total reaction cross-
sections one uses FTR(x) = (2Ec.m./ħωRB

2)σTR.
The barrier parameters are extracted from the
optical potential used. FF(x) was called fusion
function and FTR(x) was called total reaction
function. It has been shown [3] that this fusion
function is system independent when σF is
accurately described by Wong’s formula [8]. In
this case F(x) becomes F(x)  → F0(x)  =  ln  [1  +
exp (2πx)].  Note  that  F0(x) depends exclusively
on the dimensionless variable x. It is a universal
function  which  is  the  same  for  any  system.  For
this reason it is called the Universal Fusion
Function  (UFF),  which  is  shown  in  Fig.  1  (b),
and it can be used as a benchmark to which
renormalized data should be compared [3]. In the
present work we compare the total reaction cross
sections derived from our experimental elastic
scattering data for the 6Li  + 112, 116Sn systems
with other systems involving tightly bound,
stable weakly bound and radioactive and halo
projectiles with targets in the same mass range.
We use both the above mentioned procedures.

Our systematic study of reaction function
on medium-mass targets leads to the general
conclusion that reaction function for the weakly
bound nuclei is consistently larger than those for
stable systems.
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FIG. 1 (a) & (b) .  Reduced reaction cross section
versus reduced energy for the 6Li  + 112,116Sn
systems. For details see text.
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