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At present much attention is being paid to experimental and theoretical
studies of interactions of slow, highly charged ions with a surface. This attention
is caused by the formation of a new physical object-so-called "hollow atom". The
main feature of such a state of atom is the great number of vacancies in inner
shells while the ionization degree of atom is low-almost neutral. With today's
availability of powerful multicharged ion sources investigations on mechanisms
of production and decay of such "hollow atoms" near solid surfaces have become
a subject of considerable interest. These investigations are mainly aimed at
understanding the mneutralization dynamics of highly charged ions as they
approach the surface and penetrate into the solid.

Deexcitation of this short-lived complex can take place via various electronic
transitions between intra-atomic states in the particle or between particle and
metal. Besides their fundamental interest, this process is also of practical
relevance for plasma-wall interactions in gas discharges including thermonuclear
fusion experiments or ion beam-activated material modification. The deexcitation
of the "hollow atom" under the controlled conditions is very interesting from the
point of view of creation of X-ray lasers.

In order to study the deexcitation processes of "hollow atom" formed under
the interaction of slow multicharged ions (MCI) with a surface and to identify the
X-ray satellite spectrum including a large number of unresolved line groups
observed in such interaction a new theoretical approach has been suggested. In
view of applications of this theoretical method to MCI it was based on the
perturbation theory using the nuclear charge Z of MCI as a parameter. The
electronic interactions between electrons and relativistic effects which are taken
into account in the frame of Breit operator are included as a perturbation. To
describe atomic orbitals, the H-like wave functions are used. Therefore, all
atomic characteristics can be given by a series of 1/Z powers. To improve the
accuracy of the calculations by taking into account the screening of the nuclear
charge of the MCI by inner shell electrons the screening parameter has been
introduced. The vast number of the electronic states of ion have been reduced by
averaging over the orbital (L) and spin (S) quantum numbers. The averaging
over LS allowed us to express the desired atomic characteristics in analytical
forms as a function of the electron numbers in various shells of the ion.
Therefore, this method can be applied to practically any atomic system with
arbitrary number of electrons and needs a considerably less time in comparison
with the well known methods for the calculation of the atomic characteristics
with the accuracies sufficient for various applications.

This method has been applied and has found to give generally good results for
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the identification and prediction of the main features of X-ray spectra including
M- and L- X-ray structures obtained recently by impact of highly charged Xe%*
(q=44-48) ions on the Cu surface.

This X-ray spectra include a large number of the line groups that can not be
resolved experimentally. The dominating electric-dipole transitions for L and M
X rays have been defined and atomic characteristics of these transitions have
been calculated.

The developed theoretical approach has also been applied to study the X-ray

satellite spectra produced in an Arl7*

ions interacting with Ag surface, to predict
the electronic configurations contributing to this spectrum and to describe one of
the possible channels of the deexcitation process of "hollow" Ar atom through the
Auger cascade and capture of the metal inner shell electrons. The results provided
by the present method are in a good agreement with experimental data and are
very interesting from the point of view of the investigation of the deexcitation

processes in the interaction of MCI with a metal surface.
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