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The role of the excited atomic states of a  gas in the nonlinearity  of the  photoionized plasmas.
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It is discussed the role of excited states of a neutral gas which is photoionized in the regime of the barrier suppression ionization when the photoelectrons of the created plasmas remain in its memory the intra-atomic electron distribution. It is obtained the strong enhancement of the inverse Bremsstrahlung absorption of the pump field radiation and the extremely strong enhancement of the third harmonic radiation with the increase of the principal quantum number of excited states of atomic electrons.

The paper [1] dealt the properties of the third harmonic generation in the air before the gas ionization and after the recombination of the ionized air. The experimental data were discussed in this paper on the base of Ansatz of the extremely strong enhancement of the  harmonic generation in the case of the gas of the excited states of atoms and molecules of air. The theoretical basis of this Ansatz is connected with the theoretical results of papers [2,3,4], which describe the enhancement of the optical nonlinearity of the excited atomic states. Other basis of this Ansatz is connected with the theoretical results on the enhancement of the optical nonlinearity of the photoionized plasmas when the reason of harmonics generation is the coherent Bremsstrahlung effect [5]. The results of paper [5] were obtained for the case of the photoionization of gas with the atoms in excited states. The theoretical approach of paper [5] was constructed in the asymptotic case of the high order harmonic generation [6]. 

Now we should like to discuss once more the nonlinear properties of the photoionized plasma, which is produced from the gas of excited atoms. Instead of the high order harmonic nonlinearitiies of the papers [5,6] we obtain the analytic description as for the nonlinear inverse Bremsstrahlung absorption of the pump radiation as for the coherent Bremsstrahlung radiation of the third  harmonics. 
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