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A two-dimensional quasi-classical model of the radiative–collisional cascade for hydrogen-like systems in plasmas is developed. For radiative transitions an iterative procedure that consistently takes account of the quantum nature of the radiative processes at each step is suggested. The collisions of atomic electron with plasma particles are described by the diffusion operator in the space of principal and orbital quantum numbers. The collisional diffusion coefficients are determined by calculating of the transfer of energy and orbital momentum during a classical collision of the atomic electron with charged plasma particles. The difference between fast (inelastic) collision of the atomic electron mainly with plasma electrons and slow (elastic) collisions mainly with plasma ions is discussed. The elastic collisions with charged heavy plasma particles lead to essential increase of collisional diffusion over the orbital quantum numbers. The effect of collisions on the radiative cascade is analyzed for selective, in quantum numbers, source of atomic level population, which enables one to trace the diffusion, of a single trajectory of the classical radiative cascade. The results are demonstrated for astrophysical hydrogen plasmas and highly charged heavy impurity ions in tokamak plasmas. The calculations of populations of highly excited hydrogen atomic states for three-body and photorecombination sources of population are performed for plasma of low density and moderate temperature corresponding to the conditions for recombination line observation in astrophysical plasmas. The effect of nonequilibrium in the population in orbital quantum number l is investigated. Comparison is made with one-dimensional calculations by averaging over l. This comparison reveals a characteristic population minimum attributable to the competition between the collisional and radiative state populations. This minimum in the two-dimensional model is appreciably deeper than that in the one-dimensional models. Based on the populations found, the intensities of spectral lines in the range of transition frequencies corresponding to a certain spectral interval of observations are calculated. The results allow one to judge the degree of nonequilibrium of the populations of Rydberg atoms in astrophysical plasmas. The model allows one to avoid the divergences that arise in the purely classical description of a radiative cascade and to establish the correspondence with one-dimensional population calculations. The universality of Rydberg atomic states kinetics allows one to apply the model for the describing of atomic spectra in the wide range of variance of plasma parameters.

This work was partially supported by the ARCUS program (№ P003-5a), the RFBR grant № 06-02-16614-a, 08-02-00294-а, the grant from the President of Russia for Support of Leading Research Schools (no. 2457.2008.2) and the project Photoniter of French Agence Nationale de la Recherche (ANR-07-BLAN-0187-01)

1

