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Background:  

Multi-nucleon transfer (MNT) reactions 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 MNT reactions in  
AXe+198Pt collisions are in progress to produce neutron-rich nuclei with atomic 

N 

Z 

Our aims:  

 To understand microscopic reaction 
mechanisms in MNT reactions. 

 To predict preferable conditions to 
produce objective unstable nuclei. 

mass A~200 along the neutron magic 
number N=126, whose properties are 
crucial to understand the 3rd peak 
structure in the solar abundances.  

 We performed TDHF calculations for 238U+124Sn reaction at Elab=5.70 MeV/nucleon for which experimental data are available. 

 We found that the amount of nucleons transferred from 238U to 124Sn depends much on the relative orientation of the 238U. 

 Especially, when 238U collides with 124Sn from its tip, a neck structure is well developed. Because of a novel transfer dynamics, “neck breaking dynamics”, 

which is caused by dissociation and absorption of the neck structure, both neutrons and protons are transferred in the same direction. 

 From the results, we conclude that the relative orientation of 238U is an essential ingredient which characterizes MNT processes in 238U+124Sn reactions. 

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: 

Motivation:  

In the past, production cross sections of MNT processes in 238U+124Sn reaction 
at Elab=5.70 MeV/nucleon were measured (see Fig. 2). The measured cross 
sections show that many (up to about 25) nucleons are transferred from 238U to 
124Sn. To clarify underlying reaction mechanisms microscopically, we have 
analyzed the 238U+124Sn reaction employing the TDHF theory. 

Consideration: Energy dependence of the reaction dynamics 
To clarify whether the difference in reaction dynamics is caused by the change 
in the relative orientation, we performed TDHF calculations for 238U+124Sn at 
different incident energies (for x- and y-directions at b=0 fm) (Figs. 5 and 6). 
From the results, we find that, even when the incident energy is increased, the 
“y-direction” configuration never induces the nucleon flow from 238U to 124Sn. 

Advantages: 
 We can describe structure of colliding nuclei and time-dependent 

dynamics during a collision microscopically on the same footing. 
 There is no adjustable parameter specific to the reaction dynamics. 
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Fig. 2 Measured production cross sections for the smaller fragment 

Fig. 3 Average # of nucleons in the smaller (124Sn-like) fragment 

       as functions of the impact parameter 

Fig. 4 Production cross sections for the smaller fragment on A-Z plane 

Fig. 1 Nuclear chart 

: TDHF equation 

Slater determinant Single-particle w.f. 

Fig. 5 Average # of nucleons in the smaller (124Sn-like) fragment 

       as functions of the incident energy in 238U+124Sn at b= 0 fm 

Fig. 6 Typical snapshots of nucleon density on the collision plane 
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Results and findings:  

We calculate the 238U+124Sn reaction taking three orientations of 238U relative to 
the 124Sn which symmetry axis is set perpendicular to the collision plane. In 
Fig.3, we show average numbers of neutrons (left) and protons (right) in the 
smaller (124Sn-like) fragment as functions of impact parameter, b. Figure 3 
shows that the amount of nucleons transferred depends much on the relative 
orientation. Especially, when the symmetry axis of 238U is set parallel to the 
collision axis (the “x-direction” case), many nucleons are transferred from 238U 
to 124Sn through a neck breaking dynamics. To get deeper insight of the 
reaction, we evaluated production cross sections for the smaller fragment using 
the particle number projection technique (Fig. 4). From the figure, we find that 
the measured nucleon flow from 238U to 124Sn can only be produced though the   
“x-direction” configuration in our TDHF calculation. 

124Sn 

t = 881.4 (fm/c) t = 973.2 (fm/c) t = 1675.0 (fm/c) t = 1110.4 (fm/c) 

A~30 nucleons A~16 nucleons 


