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2.1 Tests of the Langevin Dynamics in 4-Dimensional Model of Nucleus-Nucleus
Collisions
by J.Blocki, O.Mazonka, J.Wilczynski, Z.Sosin0, A.Wieloch0

Recent synthesis of super-heavy nuclei of the
element Z=118 [1] has intensified theoretical studies
aimed to understand the mechanism of fusing of very
heavy systems and to explain the role of fluctuations
which probably decisively enhance fusion at the lowest
near-threshold energies.

In the previous Annual Report [2] we presented
first results of application of the Langevin dynamics to
our full-scale 4-dimensional semiclassical model of
nucleus-nucleus collisions. Briefly sketching our
approach, we solve Langevin equations of motion in
which stochastic white noise term is added to
deterministic conservative and dissipative forces. The
equations of motion are solved in 4-dimensional
configurational space including three geometrical
variables defining shape of the system [3] and one
variable determining charge asymmetry. The
conservative driving forces are calculated as the
Coulomb interaction energy and the "Yukawa-plus-
exponential" nuclear interaction potential [4]
modulated by shell effects [5]. The dissipative forces
are calculated from the "wall-plus-window" formula
representing the mechanism of one-body dissipation
[6]. Finally, the inertia parameters are calculated using
the "irrotational flow" method of Werner and Wheeler.

Numerical simulations of stochastic fusion
processes in such a multi-dimensional model are very
time consuming, mostly because the potential energy
cannot be expressed analytically and must be
calculated as three-dimensional integral at each point
along the trajectory of the evolving system. Due to
these limitations, previously [2] we were able to
calculate only the s-wave fusion probability, a strongly
model dependent quantity. Direct comparisons of the
model predictions with experimental values of the
fusion cross section required to significantly speed up
our computer code. This goal has been achieved by
mapping the 3-dimensional integral of the potential
energy in 4-dimensional lattice of the configurational
space. Storing this information for the main region of
phase space for a given bombarding energy and a
value of the angular momentum, the gradients of the
potential energy necessary for solving the equations of
motion at consecutive points of the trajectory could be
quickly evaluated via interpolation procedures based
on the polynomial parameterization of the potential.

Having increased speed of our computer code, we
attempted to compare predictions of our model
directly with measured fusion cross sections at near-
threshold energies. For the comparison we have
chosen the 8fiKr + 70Ge reaction, i.e. one of the
heaviest systems for which the fusion cross section
could still be reliably determined at near-threshold

energies by detecting compound-residue nuclei. The
fusion cross sections measured for this system by
Reisdorf et al. [7] are shown in Fig. 1 together with
results of our calculations. It is seen that pure
deterministic calculations (dashed line) lead to an
energy threshold located about 10 MeV higher than
observed experimentally. Inclusion of stochastic
effects significantly changes predictions. Magnitude of
the fluctuating Langevin force is determined by the
fluctuation-dissipation theorem (Einstein relation for
thermal fluctuations) and fluctuation of the number of
exchanged nucleons. However, the latter component is
negligible at low relative velocities, i.e. at near fusion-
threshold energies. Assuming these standard sources
of fluctuations one observes (thin solid line in Fig. 1)
dramatic, although not sufficient enhancement of the
fusion cross section at the lowest energies. Perfect fit
to experimental values would require the fluctuating
force about two times larger than that resulting from
the Einstein relation.
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Fig. 1 Experimental fusion cross sections (thick solid line)
compared with theoretical calculations (see text).
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