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Back ground:  

Collisions of heavy nuclei at around the Coulomb barrier are expected to be a 
new means to produce unstable nuclei whose production is difficult by other 
methods. For example, experiments of multinucleon transfer reactions in  
AXe+198Pt collisions have been planned to produce neutron-rich nuclei with 
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Our aims:  

 To understand microscopic reaction 
mechanisms of heavy-ion collisions. 

 To predict preferable conditions to 
produce objective nuclei. 

atomic mass A~200 along the neutron 
magic number N=126, whose proper-
ties are crucial to understand the 3rd 
peak structure in the solar abundance.  

 We have conducted systematic TDHF calculations for 136Xe+198Pt collisions at various incident energies and impact parameters. 

 We found that what nuclei are produced via quasi-fission processes is characterized by the distance of closest approach of the Rutherford trajectory. 

 As a possible implication of this finding, we have considered structural effects of the 136Xe+198Pt composite system (A=334, Z=132, N=202) on quasi-fission 

dynamics and compared TDHF dynamical trajectories with a potential energy surface of the composite system on a Q20-Q30 plane. 

 Although the result is still preliminary, we found correspondences between some TDHF trajectories and valleys of the potential energy surface. 

Our approach: Time-Dependent Hartree-Fock theory  

The TDHF theory is a microscopic theory for nuclear dynamics and has 
been successful to describe  heavy-ion reactions. The TDHF theory can be 
derived from a time-dependent variation of an action using a single Slater 
determinant as a trial function. The TDHF equation takes the following 
form: 

What we have done:  

To understand reaction mechanisms of the 136Xe+198Pt collision microscopically, 
we have conducted systematic calculations for various impact parameters and 
incident energies employing the TDHF theory. 

Results and a Finding:  

In Fig. 3, we show average numbers of neutrons (left) and protons (right) in the 
heavier fragment as functions of impact parameter, b, for collisions at various 
incident energies.  Figure 3 shows that directions of nucleon transfer depend 
much on the initial condition. It means that the incident energy and impact 
parameter are NOT a fundamental component to specify what nuclei are 
produced in this reaction. In Fig. 4, we show the same quantity shown in Fig. 3 
changing the horizontal axis to the distance of closest approach, d, of the 
Rutherford trajectory. From Fig. 4, we find that results for different incident 
energies and impact parameters show a similar behavior as functions of the 
distance of closest approach. This fact indicates a possibility that reaction 
dynamics is characterized by structural effects of a 136Xe+198Pt composite  
system (A=334, Z=132, N=202) formed at the turning point of the collision. 

Consideration (Preliminary):  

To examine the relationship between quasi-fission dynamics in the TDHF theory 
and structure of the 136Xe+198Pt composite system, we compare TDHF dynami-
cal trajectories (Fig. 5(a,b)) with a potential energy surface of the 136Xe+198Pt 
composite system calculated by static constrained Hartree-Fock calculations 
(Fig. 6) on a Q20-Q30 plane. From these figures, one may find correspondences 
between some TDHF trajectories and valleys of the potential energy surface. 
We may address quasi-fission dynamics adiabatically in the TDHF theory. 

Advantages: 
 We can treat microscopically structure of colliding nuclei and time-

dependent dynamics during collisions in a unified way. 
 There is no adjustable parameter specific to the reaction. 
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Fig. 2 Typical densities when two nuclei dissociate 

Fig. 3 Average # of nucleons in the heavier fragment 

                    as functions of impact parameter “b” 

Fig. 4 The same but as functions of the distance of closest approach “d” 

Fig. 1 Nuclear chart 
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Fig. 5 Q20(t)-Q30(t) extracted from TDHF calculations Fig. 6 Potential energy surface of the 136Xe+198Pt composite system,    X202 132 
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