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Abstract

Multi-nucleon transfer reaction is investigated employing the time-dependent Hartree-Fock (TDHF)
theory. In the framework of the TDHF theory, a nucleus-nucleus collision is described microscopi-
cally with time-dependent single-particle orbitals. Each nucleon moves under the time-dependent
mean-field potential which comes from all the nucleons belonging to the two colliding nuclei.
The final many-body wave function after collision may be determined uniquely for a given initial
condition.

To calculate nucleon transfer cross sections, it is necessary to evaluate nucleon transfer proba-
bilities for each impact parameter and incident energy. In the field of atomic physics, the method
to evaluate electron transfer probabilities for the collision between a highly charged ion and an
atom has been proposed. However, this method requires 2A times calculations of the determinants
(here, A is the total number of particles of the system) to obtain all of possible transfer proba-
bilities. Hence, it is not possible to apply the method to heavy-ion collision where more than a
hundred of nucleons participate in the transfer processes because of computational difficulty. Re-
cently, a useful method has been proposed by C. Simenel to extract nucleon transfer probabilities
from the final many-body wave function after collision based on the particle number projection
technique. Although these two methods are equivalent analytically, the latter is computationally
much advantageous and can be easily applied to heavy nuclear systems.

Although a number of studies have been reported in the past on heavy-ion collisions employing
the TDHF theory, no quantitative study has been done on the nucleon transfer reaction. In this
study, we aim to elucidate applicability of the TDHF theory to multi-nucleon transfer reaction
by comparing the results of the TDHF calculations to the experimental data. We have performed
TDHF calculations of the collisions 40Ca + 124Sn at Elab = 170 MeV, 48Ca + 124Sn at Elab = 174
MeV, and 40Ca + 208Pb at Elab = 235, 249 MeV for which multi-nucleon transfer cross sections
have been measured experimentally. The time evolution of two colliding nuclei is described in the
three-dimensional real-space without any symmetry restrictions. The TDHF equations are solved
by discretizing three-dimensional Cartesian coordinates into uniform mesh. We take spacial mesh
of 0.8 fm, and first and second derivations are represented by 11 points finite difference formula.
The time evolution operator is approximated by the fourth-order Taylor expansion with a time
step, ∆t=0.2 fm/c.



The calculations show that the experimental values of the nucleon transfer cross sections
are reproduced reasonably by the TDHF calculations for a few proton transfer processes. As
the number of transferred protons increases, however, some discrepancies between the results
of the TDHF calculations and the measured cross sections have been observed. These results
indicate that it is important to describe precisely the deexcitation phenomena followed by particle
evaporation for a quantitative description of multi-nucleon transfer reactions.

To summarize, we present calculational methods to evaluate the nucleon transfer probabilities
from the final many-body wave function after collision, and discuss applicability of the TDHF
theory to multi-nucleon transfer reactions by performing a comparison between the theoretical
results and the measurements. We have found that it this approach promising for the quantitative
prediction of fragment mass distribution and for the qualitative understanding of the mechanism
of multi-nucleon transfer reaction.


