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 Background: When the Hamiltonian energy density with M3Y force is applied to 
nuclear matter it fails to reproduce the saturation curve, where the binding energy per 
particle always gets deeper with increasing density. Objective: One way to improve 
this force is to add a correction term representing the effect of correlation. The 
approximate version of the Hamiltonian energy density with M3Y force is used to 
calculate the interaction potentials for different pairs of spherical nuclei to show the 
effect of the correction term in the tail region. Also, we calculate the interaction 
potential for 238U-238U system using deformed densities for both nuclear and coulomb 
potential. Results and Conclusion: The importance of the correction term appears in 
producing the pockets in the total potential at the surface. These pockets are indication 
for the formation of the quasimolecular state. 
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INTRODUCTION 

 
One of the main problems in the theoretical heavy ion physics is the calculation of the real part of the 

nucleus – nucleus potential. The folding model (G.R.Satchler et al (1979)- J.P.Jeukenne, et al. (1977)- 
H.J.Krappe, et al.(1997)) is one of the most successful approaches. The static and dynamic deformations gives 
rise to significant changes in the coulomb and nuclear energies. For instance, the form factors describing 
coupling between elastic and inelastic channels in peripheral heavy ion reaction depend sensitivity on the static 
and dynamic properties of the matter distribution (G.R.Satchler et al (1979)- V.E.Oberacker,et al. 
(1982)).moreover, experimentally, spontaneous positron electron emission in heavy ion collision has been 
measured (J.S.Greenberg (1981)- J.S.Greenberg, and W.Greiner,(1982)). The analysis of the data indicates that 
the two nuclei stick together for a time about 10-19 second or longer. Greiner et al (J.Reinharedt,et al.(1981)) 
suggested that the prolonged nuclear sticking time might be caused by a potential energy minimum in the 
nuclear surface “pocket” depending on orientation which can capture the nuclei. 

The present work aims to compare the interaction potential between spherical and deformed nuclei for the 
energy density functional described in our work and with those calculated by Satchel et al (G.R.Satchler et al 
(1979)- M.El-Azab Farid and G.R.Satchlar,(1985)) and Greiner et al (M.J.Rhoades-Brown,et al.(1983)) 
adopting the double folding method. In section II we define the Hamiltonian energy density with an approach 
based on the M3Y force to calculate the interaction potentials for different pairs of spherical nuclei. We 
calculate the interaction potential for 238U-238U system using deformed densities for both nuclear and coulomb 
potentials. These calculations and the discussion are given in section III. 
 
II-a-Nuclear potential calculations between spherical nuclei: 

The interaction potential between two nuclei can be defined as the difference between their energies at 
finite distance R and that at infinity, i.e. 
 
V(R,Ecm)= E(R,Ecm) – E( ,Ecm)                                                                    (1) 

 
Here Ecm is the incident center of mass energy. 
The total energy is obtained from the energy density functional H(r,R,Ecm) according to, 

 
                                                                    (2) 
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Where the energy functional H(r,R,Ecm) is defined in Ref.( J.W.Negele and D.Vautherin, (1975)). The 

calculations of energy density function based on the standard M3Y interaction (A.K.Chaudhuri and 
B.Sinha(1986)) which explicitly given by : 

I)-The Reid version: 

Vd(s) =   

Vex(s) =                                  (3)  
2)-The Paris version: 

Vd(s) =   
 

Vex(s) =                                     (4)  

Where ) is the relative coordinates. 
When this force is applied to nuclear matter it fails to reproduce the saturation curve, where the binding 

energy per particle always gets deeper with increasing density. One way to improve this force is to add a 
correction term representing the effect of correlation of the form, 
 

                                                                        (5) 
 
This form is similar to that used in the Skyrme force. This term contributes to the energy density by the 

following expression, 
 

                                                                                            (6) 
 
The nuclear matter density distribution of each nucleus is described by the Fermi-type distribution, 

 

                                                                                        (7) 
 
The parameters  ,c and a are taken from Ref.( A.K.Chaudhuri and B.Sinha(1986)). 
 

II-b-Coulomb potential: 
The Coulomb potential between the two 238U nuclei can be calculated using the double folding model, 

 
                                             (8) 

 
Where Z is the charge number of 238U nucleus,  and  denotes the charge distribution of the nucleons in 

the ground state of the projectile and target. 
 
III-Numerical calculations and discussion: 

In this work we calculate the total potential (Nuclear +Coulomb)n for the 238U -238U system. For the charge 
density distribution the deformed Fermi shape is used for each nucleus, 
 

                                                                                 (9) 
 
Where the central proton density is determined from 

   
The radius parameter  is given by  

 
                                                        (10) 

 
Where  is the angle between the vector r and the symmetry axis of 238U nucleus and the following 

experimental values of the parameters  are taken from Ref.( M.J.Rhoades-Brown,et 
al.(1983)).  
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The heavy ion elastic scattering data is sensitive to the magnitude of the potential only in the vicinity of the 

strong absorption radius   (G.R.Satchlar,(1974)) and the potential is calculated at R= . The results in 
table (1) and (2) are compared with the original M3Y(G.R.Satchler and W.G.Love ,(1979)) and with the results 
of the density dependent version of the M3Y(M.El-Azab Farid and G.R.Satchlar, (1985)). In table (1) the 
correction term which has been introduced for reproducing the saturation properties of M3Y force is not taken 
into account.  and  refer to the potentials calculated using Reid and Paris versions,  and 

 are the corresponding normalization factors. 
Table (1) show that the present results are slightly different from that calculated by Satchler (M.El-Azab 

Farid and G.R.Satchlar (1985)) with the density dependent M3Y interaction adopting the double folding method 
at the tail region. This expected since at the tail region the energy density method reduces the double folding 
model, where the kinetic and exchange energies can be neglected. The main contribution comes from the direct 
energy term which is exactly the double folding picture.  

Table (2) gives the potential calculated using M3Y energy density functional 
with the correction term suggested in this work. It is seen from table (2) that the result is slightly modified than 
those in table (1), this means that the correction term has a week effect in the tail region. 

From fig.(1) saturation curve for M3Y ( =3045 MeV fm6, E/A =-16 MeV at  =0.2 fm-3 for the Reid 
version and for  =3875 MeV fm6 , E/A =-16 MeV at  =0.23 fm-3 for Paris). 

Figures (2-5) show the orientation dependence at different value of orientation angles 
 These figures show that the attractive force is maximum for   =  . For all 

values of the angle  , the potential for =0 are much deeper than those for non-vanishing  because of the 
repulsive effect of the correction term. Also, nuclear potentials of the Paris version are deeper than that of Reid 
one, due to the more attractive behavior of Paris force. 

The results of the total potential (Nuclear + Coulomb) are shown in figure (4,5) , the highest barrier occurs 
for   (equator touching). This is because the nuclear potential at  is much deeper than that at 

 , because of the great overlap occurring at  due to prolate shape with hexadecapole 
deformation for 238U nuclei. 

The inclusion of the correction term, figure (5a,b) produce pockets in the total potential at the surface 
region for both Reid and Paris versions. These pockets are indication for the formation of quasimolecular states 
in 238U-238U collision at energies near the Coulomb barrier. 

Greiner and collaborator (M.J.Rhoades-Brown,et al.(1983)) have calculated 238U-238U potential using Reid 
version of M3Y interaction using double folding model. Their results (solid curve in fig.6) are deeper than the 
present result for both Reid (dashed curve) and Paris (dashed doted curve). When neglecting the effect of the 
correction term. this difference is due to the neglecting of the kinetic energy contributions as well as 
approximating the exchange contributions by - function.  

 
Table 1: 

system ELab  V( )     NR NP Nb Nc ND NM3Y 
12C-40Ca 51 9.1 -0.8 -0.98 -0.88 0.82 0.91 0.71 0.7 0.63 0.92 
12C-90Zr 98 10.0 -1.59 -2.4 -2.18 0.66 0.73 0.76 0.74 0.72 0.96 
12C-208Pb 96 12.2 -1.38 -1.47 -1.19 0.94 1.16 1.15 1.1 0.93 1.33 
16O-40Ca 74.4 9.3 -1.27 -1.76 -1.65 0.72 0.77 0.78 0.78 0.71 1.03 
16O-40Ni 61.4 10.1 -0.91 -0.83 -0.76 1.1 1.2 0.97 0.95 0.82 1.24 
16O-60Ni 141.7 9.6 -1.84 -1.74 -1.74 1.06 1.06 0.93 0.91 0.86 1.17 
16O-208Pb 192.0 12.4 -1.51 -1.7 -1.59 0.89 0.95 0.87 0.84 0.72 1.01 
16O-208Pb 312.6 12.1 -2.56 -3.5 -3.5 0.73 0.73 0.95 0.92 0.86 1.1 
40Ca-
40Ca 

143.6 10.7 -1.24 1.53 -1.53 0.81 0.81 ------- ------ 0.64 0.99 

40Ar-60Ni 1760 10.15 -2.98 -5.96 -5.84 0.5 0.51 0.54 0.5 0.56 0.6 
40Ar-
120Sn 

1760 11.55 -3.8 -6.91 -6.91 0.55 0.55 0.63 0.55 0.64 0.69 

NR and NP are the normalization constant required by the present potential for Reid and Paris versions respectively and for =0 MeVfm6. 
Nb , Nc , ND , and NM3Y are the normalization constants required to fit the elastic scattering data at   using Reid and Paris density 
dependent M3Y version by using the double folding model. Nb , Nc , ND , and NM3Y are taken from ref.( A.K.Chaudhuri and B.Sinha(1986)). 
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Table 2: 

system ELab  V( )     Nb Nc ND NM3Y 
12C-40Ca 51 9.1 -0.8 -0.96 -0.86 0.83 0.94 0.71 0.7 0.63 0.92 
12C-90Zr 98 10.0 -1.59 -2.36 -2.12 0.68 0.75 0.76 0.74 0.72 0.96 
12C-208Pb 96 12.2 -1.38 -1.44 -1.16 0.96 1.19 1.15 1.1 0.93 1.33 
16O-40Ca 74.4 9.3 -1.27 -1.73 -1.61 0.73 0.79 0.78 0.78 0.71 1.03 
16O-40Ni 61.4 10.1 -0.91 -0.82 -0.74 1.1 1.2 0.97 0.95 0.82 1.24 
16O-60Ni 141.7 9.6 -1.84 -1.7 -1.69 1.08 1.08 0.93 0.91 0.86 1.17 
16O-208Pb 192.0 12.4 -1.51 -1.66 -1.54 0.91 0.98 0.87 0.84 0.72 1.01 
16O-208Pb 312.6 12.1 -2.56 -3.43 -3.41 0.75 0.75 0.95 0.92 0.86 1.1 
40Ca-40Ca 143.6 10.7 -1.24 1.5 -1.49 0.83 0.83 ------ ------ 0.64 0.99 
40Ar-60Ni 1760 10.15 -2.98 -5.77 -5.59 0.52 0.53 0.54 0.5 0.56 0.6 
40Ar-120Sn 1760 11.55 -3.8 -6.68 -6.39 0.57 0.59 0.63 0.55 0.64 0.69 

 and  are the normalization constant required by the present potential to fit the elastic scattering at  using the Reid  ( 
=3045MeVfm6 ) and Paris ( =3875.7MeVfm6 ) versions respectively. 

 

 
 

Fig. 1: Represents saturation curve for M3Y Reid and Paris at =0 and =3045MeVfm6 For Reid and  
=3875.7MeVfm6 for Paris.   

 
 

Fig. 2: (a) represent nuclear potential at =0 Reid version. (b) same as (2a) but for Paris version. 
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Fig. 3: (a) same as (2a) but for =3045MeVfm6 Reid version. (b)same as (3a) but for Paris 

( =3875.7MeVfm6). 
 

 
 

Fig. 4: (a) total potential  calculated with  original M3Y force for Reid version. (b) same as (4a) but for Paris. 
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Fig. 5: (a) same as fig.(4a) with the present M3Y energy density for Reid version ( =3045MeVfm6).(b) same 
as (5a) but for Paris version ( =3875.7MeVfm6 ). 

 

 
Fig. 6: Comparison between nuclear potential calculated by Greiner et al (M.J.Rhoades-Brown,et al.(1983)) 

(solid curve) and for Reid Version (dashed curve) and Paris one (dashed-doted curve) for =0. 
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