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Nucleus-nucleus interaction potential in heavy- ion 
collision gives important information on reaction 
dynamics, especially on the synthesis of superheavy 
elements and exotic nuclei. Various approaches, 
including phenomenological models and microscopic 
methods, have been employed to investigate nucleus- 
nucleus interaction potentials. Among these methods, 
the microscopic time-dependent Hartree-Fock(TDHF) 
with density-constraint is one of the successful 
approaches in a sense the nuclear structure and 
nuclear dynamics are treated in a unified framework 
and there is no free parameters in the description of 
nuclear dynamics. 

Our study aims at investigating some 
alternative methods to deduce internuclear potential 
in the framework of TDHF theory. One way is to 
employ the time-even TDHF hamiltonian, the other 
with the boost-invariant TDHF hamiltonian, and 
another within the energy density functional theory 
with the frozen density approximation. 

By using RICC system, the nucleus-nucleus 
interaction potential in heavy-ion collisions have 
been calculated with the three methods stated above. 
We solve TDHF equation in three- dimensional 
coordinate space and the numerical codes are 
parallized with message passing interface (MPI). 
The full three dimensional TDHF calculations will 
shed light on more realistic dynamics in heavy ion 
collisions. However the numerical calculations are 
quite time-consuming, especially for the calculation 
of nucleus-nucleus interaction potential. The high 
speed and available CPU cores of MPI parallization 
in RICC system provided essential support for the 
studies of the research project.  

The nucleus-nucleus interaction potential for 
16O+16O has been calculated with the three methods 
stated above. The potential obtained from time-even 

 
 

TDHF and boost-invariant TDHF method reproduce 
well the density-constraint TDHF results in the 
approaching process until Coulomb barrier. When 
approaching further until the first touch, the 
potential from time-even TDHF calculation also 
reproduces well the density-constraint TDHF results, 
while the potential from boost-invariant TDHF 
calculation becomes larger than density-constraint 
TDHF owing to the underestimate of the 
instantaneous collective kinetic energy. Since EDF 
method with frozen density approximation did not 
consider Pauli principle, the binding of the colliding 
system is overestimated. Near the Coulomb barrier, 

overlap of the two densities is small so that the 
comparison between EDF method and other methods 
is applicable. 

In the next usage term, I will continue my 
present research project in the following three 
directions. First, the nucleus-nucleus interaction 
potential for heavy system will be investigated in 
order to understand the reaction mechanism of 
extra-push dynamics. Second, the study of extra- 
push dynamics for heavy systems leading to super- 
heavy elements in heavy ion fusion reactions will be 
done with TDHF theory, e.g. the reactions leading to  
superheavy elements, 70Zn+208Pb, 48Ca+238U, and 
96Zr+132Sn. Third is to investigate the dissipation 
mechanism in nuclear giant resonance with 
boost-invariant TDHF theory. The nucleus will be 
excited with external fields, and some dissipation 
mechanism will be investigated from light to heavy 
nuclei, e.g. from 16O, 40Ca and 48Ca to 90Zr, 100Sn, 
132Sn and 208Pb so on. All these studies need a lot of 
numerical calculations and RICC system will provide 
essential and important supports to these numerical 
calculations. 
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