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Abstract

A model calculation is presented which predicts the complex nuclide distribution resulting from
peripheral relativistic heavy-ion collisions involving fissile nuclei. The model is based on a modern
version of the abrasion-ablation model which describes the formation of excited prefragments due
to the nuclear collisions and their consecutive decay. The competition between the evaporation of
different light particles and fission is computed with an evaporation code which takes dissipative
effects and the emission of intermediate-mass fragments into account. The nuclide distribution
resulting from fission processes is treated by a semi-empirical description which includes the
excitation-energy dependent influence of nuclear shell effects and pairing correlations. The cal-
culations of collisions between 2*U and different reaction partners reveal that a huge number of
isotopes of all elements up to uranium is produced. The complex nuclide distribution shows the
characteristics of fragmentation, mass-asymmetric low-energy fission and mass-symmetric high-
energy fission. The yields of the different components for different reaction partners are studied.
Consequences for technical applications are discussed. (€} 1998 Elsevier Science B.V.
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1. Introduction

Nuclide distributions after peripheral relativistic heavy-ion collisions have been studied
for a long time, and it has been shown that the investigation of projectile fragmentation
allows a complete identification of all fragments produced in the reaction (see e.g.
Refs. [1,2]). Recently, heavier projectiles became available, and the investigations have
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been extended to the fragmentation of krypton [3,4], xenon [5,6] and gold [7]. Also
radioactive beams with mass numbers around 60 have been applied [8,9]. These results
have been compared to calculations in terms of the abrasion model [10-13] and of
the intra-nuclear-cascade model [5,14]. In addition, they served to improve empirical
systematics of fragmentation yields [15].

While all these measured nuclide distributions could be understood on a common
basis involving the nuclear-collision process and the consecutive evaporation cascade, a
direct comparison of the near-projectile fragment yields of 2%®Pb and 238U [16] clearly
demonstrated the decisive influence of fission on the fragmentation process. On the
other hand, the total fission cross section [17-19] as well as isotopic distributions
of fission products [20] after relativistic nuclear collisions between 238U and different
reaction partners have been determined. Moreover, nuclear-charge distributions have been
measured, using short-lived radioactive fissile projectiles [21,22]. These data revealed
that also for very fissile nuclei most prefragments formed in the nuclear collision do
not end up in fission but cool down by an evaporation cascade. This finding is in
contrast to naive expectations since almost all prefragments are formed with excitation
energies exceeding the fission threshold considerably. In a preceding paper, the influence
of nuclear dissipation on the fission process according to the ideas of Kramers [23]
and Grangé et al. [24] is quantitatively discussed [25] and shown to be responsible
for a considerable suppression of the fission cross section after high-energetic nuclear
collisions. In another study, the fission competition in excited spherical nuclei around
neutron number 126 under the influence of shell effects and collective contributions
to the level density has been determined [26]. With all these experimental data one
has obtained a rather good information of the fission probabilities after fragmentation
reactions.

The nuclide production yields of peripheral relativistic nuclear collisions are of con-
siderable technical importance in several aspects. One application is the production of
mass-separated radioactive nuclides in on-line mass separators [27] by bombarding
heavy target materials with intense nuclear beams. These nuclides may also serve for
the production of secondary beams by post acceleration [28~35]. In a similar appli-
cation, however in inverse kinematics, a beam of about 1 AGeV 238(J has been used
to produce mono-isotopic high-energetic secondary beams of projectile fragments and
fission products at the fragment separator FRS at GSI [36,37].

Another field of interest which is presently discussed is the technical application of
nuclear-collision processes for the energy production and the transmutation of nuclear
waste in hybrid reactors [38,39] which work as a fission reactor where an additional
high-energetic proton or ion beam serves to increase the neutron flux in the reactor in
a controlled way. The desired neutron production is effected by a cascade of nuclear-
collision processes in the region where the accelerated beam is fed into the reactor.
However, in these collisions quite a number of nuclear species is produced. The recoil
induced in the reaction as well as the expansion of gaseous products may damage the
target material. Also the neutron-capture cross sections and the specific radioactive decay
properties of the reaction products might be important for the operation of the reactor.






