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IONIZATION  POTENTIALS  OF  ATOMIC  IONS  IN  CLUSTER  PLASMAS  AT  THE IRRADIATION  BY  A  FEMTOSECOND  LASER  PULSE

A.V. Gets and V.P. Krainov

Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Moscow Region, Russia, e-mail: krainov@online.ru
Screening is of a great importance in the processes of the interaction between large atomic clusters and strong femtosecond laser pulses. This effect is due to free electrons in cluster plasmas produced at the field ionization. It results in diminishing of the ionization potentials in comparison to the ionization potentials of free atomic ions. Thus, screening accelerates the ionization processes inside the cluster produced both by inelastic collisions of heated electrons and by the static Coulomb field of the ionized cluster. The applicability of various models of screening was investigated recently in the theoretical work [1] with respect to laser-cluster interactions. The goal of our work is to calculate the ionization potentials of atomic ions with various charge multiplicity for atoms of noble gases: argon, krypton and xenon. Experiments with these clusters are realized during last decade. These potentials can be significantly less than the ionization potentials of free atomic ions, except of single charged atomic ions, since cluster electrons produce overdense plasma. Besides of this, we consider also the influence of the quasi-static Holtsmark field of the surrounding atomic ions upon the spreading of the ground and excited states of the atomic ions. Our approach is to solve the Schrödinger equation for nl – electrons in hydrogenlike approximation. This means that according to hydrogenlike formula we derive the effective charge Zeff of the atomic core. The ionization potentials pf the multiply charged atomic ions of Ar, Kr and Xe are presented in several Figures as a function of the electron temperature. As it should be, they coincide with the energies of free atomic ions at high temperatures. The Holtsmark field of surrounding immovable atomic ions [2,3] spreads the energy levels of ions, though, of course, the value of spreading is small compared to the ionization potentials. The ionization potentials can be approximated with high accuracy by the analytic expression of the hydrogenlike approximation:
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Here n, l are the principal and orbital quantum numbers of the considered state of the atomic ion with the charge multiplicity Zeff , and R is the Debye radius. Detailed results of this work can be found in our recent paper [4].
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