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Multi-photon spectroscopy of the Debye plasma atomic systems 

in a one- and two-color laser fields
Vasily V. Buyadzhia) and Vira T. Maksymenkoa)
a) Odessa State University – OSENU, Odessa, 65009, Ukraine  
The interaction of a high intensity laser field with an atomic system results in multi-photon excitation, ionization and shifts of the energy levels [1]. A great number of physically different effects occur in atomic systems (ensembles) in dependence upon a intensity, frequency, multi-colority of laser field, energy spectrum structure of an atomic system etc. In the last decade a considerable interest has attracted studying of the elementary atomic processes in plasma environments because of the plasma screening effect on the plasma-embedded atomic systems. In this paper one-and two-color multi-photon spectroscopy of a number of transitions in a hydrogen, lithium and caesium atoms and ions (free and immersed in a Debye plasmas) is studied theoretically. The theoretical approach is based on the relativistic operator perturbation theory (PT) and relativistic energy approach [2]. The energy shift and width of the multiphoton resonances are calculated within an energy approach, which is based on the Gell-Mann and Low adiabatic formalism and formalism of the relativistic Green function for the Dirac equation [2]. The plasmas medium effects are taken into account by introducing the Yukawa-type electron-nuclear attraction and electron-electron repulsion potentials into the electronic Hamiltonian for N-electron atom (ion) in a plasma [3]. There is studied a plasmas with typical corresponding parameters: the Debye lengths (D=5a.u. (solar core: temperature T=107K;  density 1032 m-3) and 25 a.u. (inertial confinement: temperature T=104K;  density 1028 m-3) . It has been quantitatively determined a variation of the multi-photon resonance enhancement frequencies in dependence upon the plasmas parameters (the Debye length). For example, the corresponding values for the resonance enhancement frequencies ωr1, ωr2 and ωr3 for the 1s–4f transition in the hydrogen for different Debye lengths ((D=5-50 a.u.) are between 0.009 and 0.023a.u. The obtained  results reveal the plasma effects on the multi-photon transition amplitudes for the plasma-imbedded atoms (ions). The hydrogen plasma results are compared with the similar data, presented in [4].
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