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Abstract 

Effects of surface diffuseness parameter on quasi-elastic scattering have been studied using the nuclear potential 
Woods-Saxon (WS) for 6He+64Zn, 7Li+64Zn and 8Li+90Zr systems. The effect of rotational deformation was included 
for the nuclei 64Zn with ground state rotational band up to the 4+ states. We have been carried out the single (SC) and 
coupled-channels (CC) calculations to obtain the best compatibility between the notional accounts of dσqel/dσR with 
experimental data for systems studied. we find that the best fitted value of the diffuseness parameter which obtained 
through a coupled- channel calculation with inert target and excited projectile for In the current work, the single-
channel (SC) and the coupled- channels (CC) calculations, which were between the relative motion of the colliding 
nuclei and their intrinsic motions, were conducted to study its influence on calculation, the ratio of the quasi-elastic 
to the Rutherford cross sections and probe the surface diffuseness find that the best fitted value of the diffuseness 
parameter which obtained through a coupled- channel calculation with inert target and excited projectile for the 
6He+64Zn, 7Li+64Zn and 8Li+90Zr. 
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Introduction 

Quasi-elastic scattering can be defined as sum of 
elastic scattering, inelastic scattering and transfer 
reaction. It is very well equivalent of the fusion 
reaction, which is defined a reaction where two 
discrete nuclei integrate together to form 
compound system [1]. Fusion and Quasi-elastic 
scattering are both considered extensive 
operations and are complementary to each other. 
As a result, these interactions are subject to the 
same potential and share the same information 
about the mechanism of interaction, and both are 
sensitive to the channel coupling impacts (due to 
collective inelastic excitements of the colliding 
nuclei) at energies near the coulomb barrier [2]. In 

the last two decades the spectroscopy of light exotic 
nuclei near the nucleonic stability boundary has 
been the subject of enhanced interest. One of the 
reasons for such attention has been the discovery 
of a new property of the indicated nuclei – the 
phenomenon of a nuclear halo [3].  
Analysis of the first experiments on the interaction 
of neutron-rich isotopes of He, Li with stable target 
nuclei has led to the conclusion that a long-tail 
distribution of nucleon density exists on such 
nuclei, arising from the small binding energy of the 
outer nucleons. 
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The weakly bound nuclei 6He can be described as 
two-cluster systems [4]. The calculated of surface 
diffuseness parameter on quasi-elastic scattering at 
sub-barrier energies close to the Coulomb barrier 
height for some systems 6Li + 64

30Zn and 73Li 
+ 6430Zn [5]. 

 

Fig. 1. Scheme of quasi-elastic scattering in the heavy ion [4] 

 

Theoretical Background  

The nucleus-nucleus potential consists of two 
parts: the nuclear part    which can be described 
well and fairly reasonably by the WS form which is  
the have real nuclear potential has the usual 
volume Woods Saxon form given by [4]: 

  ( )  
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where the radii of these potentials is the potential 
depth, a is the surface diffuseness parameter, is the 
potential depth, a is the surface diffuseness 
parameter, where r is the radius parameter, are the 
mass numbers of the target and the projectile, 
respectively [6]. 
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where   , is a radius of the system and   ,   and    
represent the potential depth, surface diffuseness 
parameter, and radius parameter, respectively 
whilst   refers to the center of mass distance 
between the target nucleus of mass number    and 
the projectile nucleus of mass number   . 
A potential between the projectile and the target is 
given by a function of the relative distance   
between the center of mass of the colliding nuclei. 
It consists of two parts given by [7]:  
    ( )    ( )    ( )                                       ( ) 

The Schrodinger equation for the total wave 

function would be given by [8]: 

( 
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Where   refers to the center of mass distance 
between the colliding nuclei,   is the reduced mass 
of the system while  ( ) is the naked potential in 
the absence of the coupling where     ( )  
  ( )    ( ),   ( ) represents the Hamiltonian 
for the intrinsic motion,      ( ) is the mentioned 

coupling,  ( ⃗  ) is the total wave function would 
be given by  ⃗ and  , where   is internal degree of 
freedom. we can write the rate of quasielastic 
differential cross section by using equation [9]: 
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Where   (   ) is the Coulomb scattering amplitude 
and     (   ) quasielastic scattering amplitude. 

 

Results and Discussion 

In 6He+64Zn system, the diffuseness parameter have 
been discussed in for cases we considered the 
projectile 6He as well as target 64Zn as inert nuclei 
(SC) with values of the diffuseness parameter ao= 
(0.61, 0.64 and 0.67)    respectively and in another  
case we considered the projectile 6He as Rotational  
coupling with  deformation parameter           
while target 64Zn nucleus is Rotational coupling 
with  deformation parameter          with value 
of the diffuseness parameter    (    )   . in the 
last case, we assumed target 64Zn as Rotational 
coupling nuclei with value of the diffuseness 
parameter    (    )    with deformation 
parameter           and  the projectile 6He as  
inert nuclei respectively, by                 and 
the potential depth             and the radius 
parameter          . 
In 7Li+64Zn  system, the diffuseness parameter have 
been discussed in three cases we considered the 
projectile 7Li and target 64Zn as inert nuclei (SC) 
with values of the diffuseness parameter 
   (              )    respectively .And with 
case we considered target 64Zn nucleus  as 
Rotational coupling nuclei with deformation 
parameter          with value of the diffuseness 
parameter        , and  while the projectile 
nucleus 7Li inert  and last case we assumed target 
64Zn nucleus  as Rotational coupling nuclei with 
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value of the diffuseness parameter        , and  
while the projectile nucleus 7Li is inert and the 
potential depth            and the radius 
parameter            by                . 
In the 8Li+90Zr system, the diffuseness parameter 
have been discussed in four cases we considered 
the projectile 8Li as well as target 90Zr as inert 
nuclei, with value of the diffuseness parameter 
                    ,  we considered target 90Zr 
nucleus is a vibrational coupling with deformation 
parameter          and  to the state    with 
deformation parameter          and  to the state 
   while the projectile nucleus 8Li is inert, with 
value of the diffuseness parameter         and 
the potential depth               and the radius 
parameter          by               . Woods-
Saxon potential parameters and energy center of 
mass for all orders of coupling in 6He+64Zn, 7Li+64Zn 
and 8Li+90Zr nuclear reactions are show in table 1. 

 
Table 1. Woods-Saxon potential parameters and Energy center of 
mass for all orders of coupling in 6He+64Zn, 7Li+64Zn and 8Li+90Zr 
nuclear reactions 

System Case    (   )    (  )    (  )      (   ) 

6He+64

Zn 
Single 

channe
l 

18.5 1.1 0.61 17.25 
0.64 
0.67 

Inrt+R
ot. 

18.5 1.1 0.61 17.25 

Rot.+R
ot. 

18.5 1.1 0.63 17.25 

7Li+64Z
n 

Single 
channe

l 

8.5 1.1 0.61 17.25 
0.63 
0.65 

Inrt+R
ot. 

8.5 1.1 0.61 17.25 
0.63 
0.65 

8Li+90Z
r 

Single 
channe

l 

185.8 1.1 0.61 50.2 
0.63 
0.65 

Inrt+vi
b. 

185.8 1.1 0.63 50.2 

 
 

Fig.1. Quasi elastic scattering calculations of 6He+64Zn system: banal 
(a) Single channel case, a black, green and red curves at    
(              )    respectively. Banal (b) Coupled channel (Inrt.+Rot. 
and Rot.+Rot.), a green and red curves at    (         )    
respectively, at                , Blue circles represent experimental 
data from Ref. [10]. 
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Fig. 2. Quasi elastic scattering calculations of 7Li+64Zn system, a green, 
blue and purple curves at    (              )   , respectively: banal 
(a) Single channel case,  and banal (b) Coupled channel (Inrt+Rot.) by 
               , Red circles represent experimental data from Ref. 
[11]. 

 

Fig. 3. Quasi elastic scattering calculations of 8Li+90Zr system: banal (a) 
Single channel case, a black, green and red curves at 
   (              )   , respectively,  and banal  (b) Coupled channel 
(Inrt.+Vib.), a green and red curves at              respectively, by 
              , blue circles represent experimental data from Ref. 
[12]. 

 

Conclusions 

For all the studied systems, the best fitted 
diffuseness parameters at sub barrier energies 
obtained through coupled-channels and single-
channel calculations differ considerably. In light of 
this, the best fitted diffuseness parameters. 
obtained through coupled-channels calculations are 
taken as the correct parameters since they produce 
better fits to the experimental data .The best fitted 
values of the diffuseness parameters, have been 
obtained from SC analysis that ranged between 
0.61 fm to 0.67 fm for all systems.   
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