8.1. Advances in the description of spontaneous fission of transfermium nuclei
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Abstract










In this talk I would like to present a model of spontaneous fission, which allows one to describe simultaneously a large set of observables, including mass and charge distributions, distributions of the total kinetic energy (TKE), and neutron multiplicity. The model assumes that, after crossing the fission barrier, a fissile nucleus can be described as a superposition of systems of two touching fragments (DNS) specified by masses, charges, and deformations of its constituent fragments. Potential energies of binary systems are calculated by taking into account the realistic interaction between the fragments and the deformation-dependent shell and pairing corrections to the binding energies of the fragments. Before the decay DNS evolves in mass/charge asymmetry coordinates and in deformation of the fragments. The evolution of initially formed superposition of DNS is described using master equation. The level densities required for the calculations were microscopically derived accounting for deformation and excitation energy effects. The shapes of DNS fragments, their masses, charges and the distribution of angular momenta, as well as the excitation energy of DNS at the moment of decay, determine the primary fission fragment distributions. The model was successfully applied to the description of recent measurements of neutron multiplicities in spontaneous fission of 250No [1], 246Fm and 256Rf [2].

Depending on the landscape of potential energy, nucleus can undergo fission from unconnected regions, characterized by different masses, charges and deformations of DNS fragments. This phenomenon leads to the multimodality in mass and TKE, distributions.  Our investigation of fission properties of even-even 244-260Fm have shown that in addition to the competition between symmetric and asymmetric fission modes, another type of bimodality, associated with coexistence of spherical and deformed mass symmetric fission modes, is manifested in the vicinity of 258Fm [3].

 Recently, the model was supplemented by the quantum-mechanical treatment of angular motion in the scission configurations [4]. It was shown, that the angular motion corresponds to independent vibrations of fragments around the pole-to-pole configuration, rather than to bending and wriggling modes. The model allowed to explain the experimentally observed lack of correlation between the angular momenta of two fission fragments. The saw-tooth correlations between angular momentum and fragment mass are shown to be primarily linked to the change of fragments deformation. The success of the model in the description of fission observable allows to draw a conclusion that most of the energy available to the binary system at scission is stored into the deformation energy, while the excitation energy is rather small. This conclusion was supported by recent experimental observations indicating weak dependence between the angular momentum of the fission fragment and TKE [5].
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