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Basic processes at nucleus-nucleus collisions

The far interaction (a), grazing interaction (b) and fusion (capture) (c).

Total reaction cross section: —
CSR Gcapt + CSgraz + CSfar

{a}

Gfar
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Theoretical model basics

The microscopic approach based on the numeric solution of the time-dependent Schrddinger
equation [1-4] for the outer and inner neutrons and protons of colliding nuclei.

Classical motion of cores.
Time-dependent Schrddinger equation (TDSE) to describe neutron rearrangement and
modification of the barrier of the nucleus-nucleus potential

ihQ\P(r,t) = {—h—zmvl (Jr=r®))+V,(r-r,O)+VE (r—r,®) +V,2(r- rz(t))}qf(r,t),
ot 2m

W (1) :(\v(r,t)J

o(r,1)

The initial wave functions were determined from the spherical shell model with parameters
providing reasonable values of charge radius and separation energies of outer neutrons and
protons.

The initial conditions for the proton wave functions included the long-range character of the
Coulomb interaction with the other nucleus. For instance, the proton wave function in the
isolated projectile nucleus at a finite distance from the target nucleus was preliminarily
subjected to slow (adiabatic) switching of the Coulomb interaction with the target nucleus.
Thus, the polarization effects of the proton cloud were already taken into account in the initial

condition,
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shell model of the spherical nucleus ''Li (d).

Results of the shell model of deformed nuclei [1, 2].
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Probability density for the outer neutron level of Li
nucleus with quantum number |m;[=1/2:

(a) in the shell model of deformed nucleus ( 3,=—0.6);
(b) in the shell model of spherical nucleus.
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Dynamics of outer halo neutrons of !Li during collision 1Li + 28Sj
In the center of mass

i was represented as core °Li+ n +n
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FIG. 11. The total cross section for the ''Li+ **Si reaction.
Symbols are experimental data. Filled (red) squares are the results
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outer neutrons of Li d
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An example of the evolution of the probability density p(r,t) of external
neutrons of the Li nucleus in its collision with the 22Si nucleus at

energy E,= 12.6 AMeV (E_,=100 MeV). The course of time
corresponds to panel locations (a, b, c, d).
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Time-dependent microscopic description of
outer neutrons of *Li during the collision *Li + 28Sj in the center of mass
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Time-dependent microscopic description of outer neutrons of L
during the collision *'Li + 28Si in the moving reference system
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Evolution of the probability density for the‘dul?gr neutrons of Li with initial state 1p,;, in
collision 'Li + 28Si for E_ , = 79 MeV, along with impact parameter b=7 fm in a reference
system moving relative to the laboratory system with a constant velocity equal to that of a
projectile at a fairly large distance from the target nucleus. The course of time corresponds
to the panel locations (a), (b), (c), (d). Greyscale gradation in the logarithmic scale is used.
The radii of the circles correspond to those of nuclear cores of 2.4 fm and 3.8 fm
respectively.



Time-dependent microscopic description of outer neutrons of 'Be
during the collision 'Li + “8Ti in the moving reference system
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that of a projectile at a fairly large distance from the target nucleus. The course of time
corresponds to the panel locations (a), (b), (c), (d). Greyscale gradation in the logarithmic
scale is used. The radii of the circles correspond to those of nuclear cores of 2.8 fm and 4.5

fm respectively.



Conclusions

« The numerical solution of the time-dependent Schrodinger
equation is applied to analysis of dynamics of nucleon transfer
and rearrangement at energies near and above the Coulomb
barrier.

« The evolution of wave functions of outer nucleons is used for
the description of neutron transfer and breakup in reactions
HLi + 28Sij, 1Be + “8Ti. The calculations of transfer and breakup
Cross sections are in progress.
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