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INTRODUCTION

There are many works devoted to development of the formalism for describing the statistical and dynamic
behavior of open systems [1], including those done in Dubna [2]. This formalism is used in nuclear physics
to describe fusion, quasifission, multinucleon transfer in heavy- ion reactions, and fission reactions [3].
Interest in stochastic methods appreciably grew in nuclear physics after the discovery of deep-inelastic
heavy-ion collisions [4] and a considerable increase in the experimental data on nuclear fission
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HEAVY-ION COLLISIONS
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GENERALIZED NON-MARKOVIAN QUANTUM LANGEVIN  EQUATIONS

In [R. V. Jolos, S. P. Ivanova, and V. V. Ivanov, Yad. Fiz. 40, 117 (1984); S. P.
Ivanova and R. V. Jolos, Nucl. Phys. A 530, 232 (1991).], the quantum
Hamiltonian was constructed for nuclear systems, which is explicitly dependent on
the collective coordinate q, canonically conjugate collective momentum p, and
internal degrees of freedom
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TRANSPORT COEFFICIENTS

Using explicit time dependences of p and q, we obtain their main characteristics, i.e., the
mean values  and  (first moments)
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RELATION TO THE DIFFUSION EQUATIONS
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In the limits of low and high temperatures the asymptotic (t t > 0 ) symmetrized
correlation function
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CAPTURE OF THE PROJECTILE NUCLEUS BY THE TARGET NUCLEUS
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xn 40Ar + 208Pb
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CONCLUSIONS

•A system of nonlinear Langevin equations is derived within the microscopic approach in the limit
of the general coupling between the collective and internal (boson or fermion) subsystems.
•These equations of motion for the collective subsystem satisfy the quantum fluctuation–dissipation
relations and the uncertainty relation.
•A new method for obtaining explicitly time-dependent transport coefficients is developed on the
basis of the non-Markovian Langevin equations.
•The predicted power-law decay of the oscillator correlation functions in the limit of low
temperatures and large times can be the subject of experimental investigation.
•The analytical formulas obtained in this work can be used for describing the fluctuation–dissipation
dynamics of nuclear processes with complex potentials. The developed approach helps to describe
lifetimes of metastable systems, transition processes, and decoherence in quantum systems.
•We were the first to use the reduced density matrix formalism for describing the capture of the
projectile nucleus by the target nucleus. Good agreement between the theoretical calculations and
the available experimental data was obtained for the cross sections of capture in the 16O, 19F,
26Mg, 28Si, 32,34,36,38 S, 40,48 Ca, 50Ti + 208Pb reactions. This justifies further use of the
proposed capture cross section calculation method.
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