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STUDY of the regularities of the transition probabilities for rare gas atoms in an alternating electric field 
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In present work a theoretical investigation of the regularities in the behaviour of the transition probabilities of rare gas atoms being in the alternating electric field is carried out. This problem is topical because rare gases are widely used in plasma physics. All calculations were performed for the circular polarized electric field; electric fields of such polarization are generated by high-frequency discharge and at laser excitation. 

Theoretical method suggested and developed in [1,2] is used for obtaining of the wave functions of atoms in the circular polarized electric field. In the framework of this method free from limitations inherent in the perturbation theory, the dependence of the dynamic Stark effect and probabilities of the spontaneous transitions between Stark levels on the frequency and strength of the electric field is investigated for He, Ne, Ar and Kr atoms.

At calculation of the wave functions all ns-, np-, nd- and nf-states with the main quantum number n up to 10 were taken into account for He, Ne and Ar atoms. For a Kr atom the energy levels with n up to 13 were taken into account. The calculations for a He atom were carried out in LS coupling scheme, для всех остальных атомов благородных газов была использована Jl coupling scheme. 

An analysis of the calculations carried out in this work have allowed to us to reveal the number of regularities for the dynamic Stark effect, the transition probabilities and lifetimes for rare gas atoms at changes of the frequency and strength of the external electric field. Firstly, an increase in the frequency of the electric field leads to a decrease in shift and splitting of the spectral lines. Secondly, probabilities of the allowable transitions in the most cases decrease with an increase in the electric field strength. Probabilities of the forbidden transitions, which appear due to an interaction of the Stark levels in the electric field, increase with the electric field strength. With an increase in the frequency of the electric field the sensibility of the transition probabilities to a change of the electric field strength decreases. Thirdly, for the significant number of the transitions the anisotropy of the probabilities was found, in the most cases this anisotropy is caused by an interaction of the atomic energy levels in the electric field. As a rule, the higher the energy level, from which the transition occurs, the larger the anisotropy of the transition probabilities. Finally, the polynomial dependence of the transition probabilities and lifetimes of the energy levels on the electric field strength was revealed. The polynomial dependence is observed for all considered transitions in all rare gas atoms.

The theoretical results obtained in this work can be used for plasma diagnostics and an explanation of the physical processes taking place in the plasma induced by the circular polarized electric field. These results also can be useful for the modelling of new excitation and light sources. 
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