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We have simultaneously recorded a large set of
radiative decay events for the processes n+ —> e+v y
and u+->e+v v y. The PIBETA experiment will
increase the world data set for these processes by more
than an order of magnitude. We anticipate significant
physics results from the analysis of these data.

In summary, during the year 2000 the apparatus
was stable and performed as designed and on
schedule. We are currently in the process of evaluating
first result for the pion beta decay branching ratio.

2.4 Potential Energy of Composite Nuclear Systems
by J.Btocki, L.Shvedov, J.Wilczynski PL0101312

Good knowledge of the potential energy surface in
the deformation space corresponding to different
shapes of a nucleus-nucleus system is very important
in dynamical description of heavy-ion collisions.
Almost 20 years ago an extensive atlas of nuclear
deformation energies for volume conserving nuclear
systems was produced [1]. In this approach the liquid
drop model was used, so the deformation energy was a
sum of only the Coulomb and surface terms, calculated
for uniformly charged drops. This gave us a qualitative
picture of general characteristics expected in collisions
of different nuclear systems. However, due to the
assumed sharp surface, the liquid-drop-model
estimates of one of the most important quantity, the
interaction barrier, were rather unrealistic. Therefore
later, the model has been improved by replacing the
surface term by the folding energy [2]. This
modification has led to a significant change of the
potential energy landscape, especially in the vicinity of
the interaction barrier, i.e., in the configuration of two
touching nuclei.

Complex dynamical calculations with the use of
the folding potential energy and inclusion of statistical
effects have been done last year. They showed quite a
discrepancy between the experimental and calculated
excitation functions, especially in the region of low
incident energies [3]. This discrepancy could not be
removed with the potential energy used in our
calculations. For example, in the 86Kr + l36Xe reaction,
the lowest point in the deformation space which has to
be surpassed in order to achieve fusion (saddle point),
according to the calculations, was at about 200 MeV,
whereas experimental points extend down to
195 MeV.

Quite recently we realized that nuclear structure
effects, such as shell corrections, even-odd effects and
congruence energy, which were not accounted for in
our macroscopic calculations of the potential energy,
significantly influence the height of the saddle point.
Therefore we have proposed the following scheme for
the calculations: As previously, we calculate the
macroscopic potential energy as a sum of the Coulomb
and folding terms in the entire deformation space.
Then we compare the calculated value for the
compound-nucleus sphere with the correct energy
determined by the corresponding difference of the
ground-state masses (with shell effects, which are

treated separately, excluded). The difference between
both energies is incorporated, as a correction, over the
entire deformation space and attenuated by a
geometrical factor determined by the "window
opening" defined in Ref. [1]. As for the shell
corrections, we use the method of attenuation
described in [3], but with realistic microscopic
energies SO taken from the tables of Myers and
Swiajtecki [4], instead of a simple phenomenological
model used previously [3]. The ground-state masses of
the compound nuclei, if unknown experimentally, are
also taken from the Myers-Swiajecki tables [4], based
on the Thomas-Fermi gas model, which was found to
predict nuclear masses with very good accuracy.
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Fig. 1 Two-dimensional map of the potential-energy surface for the
KflKr + 136Xe system as a function of the dimensionless variables p
and X, representing the relative distance and size of the "neck"
between the two fragments, respectively.

In Fig. 1 we show the deformation energy map for
the 86Kr + 136Xe reaction. One can see that now the
saddle point is at lower energy, slightly above
196 MeV and the energy of the compound nucleus
equals to 187.27 MeV that exactly corresponds to the
ground-state fusion Q-value. By applying the new
improved method of calculating the potential energy in
the Langevin dynamics calculations, we hope to
resolve discrepancies between the theoretical
predictions and experimental results on fusion cross
sections at the lowest energies.
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2.5 Calculations of the Pre-Scission and Post-Scission Neutron Multiplicities in the
58Ni + 208Pb Reaction at 8.86 A MeV
by K.Siwek-Wilczynska", J.Wilczynski

i o Below we give a short description of our
simulations of the neutron multiplicities measured in
the 58Ni +208Pb reaction at 8.86 MeV/A by Donadille
et al. [1]. For such a heavy system, the reaction
mechanism is somewhat ambiguous because formation
of the composite system does not guarantee that the
system will eventually fuse. Therefore in our
simulations we considered two scenarios: the fusion-
fission scenario (in which the compound-nucleus
fission is assumed), and the fast fission scenario (in
which the time evolution of the combined system is
entirely described with deterministic dynamics). For
distinction between these two types of reactions we
used predictions of the dynamical code HICOL in
which one-body dissipation mechanism is assumed.
This macroscopic and deterministic code predicts
fusion for all partial waves below a limiting value /lus,
and fast-fission-like processes (in case of heavy
systems) for higher partial waves. The limiting angular
momentum for fusion of the 58Ni +2O8Pb system at
8.86 MeV/A was found to be /flls = 30 t), provided a
reduced strength of energy dissipation during the
approach stage is assumed, an effect needed to explain
the observed nearly symmetric mass division of the
fast fission products. Higher partial waves are
predicted to lead to fast fission processes. In order to
match the largest mass asymmetry of the fragments
accepted in the experiment, AA=30, the entrance
channel angular momentum cannot exceed a value of
/=120 h. Therefore, according to the model
predictions, the fast fission processes associated with
the measured neutron multiplicities cover the entire
range of partial waves 30 < / <120 and thus are
expected to give a dominating contribution to the
neutron multiplicities (in comparison with the
compound-nucleus-fission reactions limited to nearly
central collisions at / < 30).

The pre-scission neutron multiplicity for the fast
fission component in the angular momentum window
30 < I < 120 was calculated according to the method
described in [2]. However a new "differential" Monte
Carlo method of simulating the time sequence of the
cascade was introduced. This new approach is
essential in description of statistical cascades emitted
from rapidly evolving systems in which excitation
energy is generated in the time scale comparable with
the decay rate, or faster. The excitation energy

generated in the colliding system along the whole
trajectory prior to reseparation was calculated using
the code HICOL.

Pre-scission neutron multiplicities corresponding
to the compound-nucleus-fission processes expected to
take place in nearly central collisions at / < 30 h were
calculated as described in Ref. [3]. Time sequence of
light-particle evaporation cascades in competition with
fission was traced in a Monte Carlo code in which the
fission width is hindered according to the Kramers-
Grange-Weidenmtiller formalism. Thus the number of
neutrons emitted on the way to the saddle point can
determine a value of the dimensionless dissipation
coefficient y in the Kramers hindrance factor.
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Fig. 1 Correlation between the pre-scission and post-scission
neutron multiplicities for the 5SNi +2"sPb reaction at 8.86 MeV/A,
deduced with the "backtracing" method by Donadille et al [)]. The
experimental distributions are compared with our simulations of the
fast fission processes for 30 < / < 120 (black stripe) and fusion-
fission processes (1 < 30) for two values of the dissipation
coefficient: Y=5 corresponding to one-body dissipation (black circle
on the left hand side) and y=l 1 (black circle on the right hand side).

After overcoming the saddle point, some additional
pre-scission neutrons are evaporated during the
descent from the saddle point to scission, and
contribute to the measured pre-scission multiplicity.
The additional saddle-to-scission neutron multiplicity
was calculated in the same way as for the fast fission
processes, i.e., with the "differential" evaporation code
coupled to the HICOL dynamics.


