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Abstract 

An asymptotic (over a large internuclear distance) theory of two-electron exchange at collision of 
multielectron atom and multiply charged ion. In the framework of the quasirelativistic Dirac-Breit 
approximation the matrix element of two-electron exchange interaction is analytically calculated. 
This approach allows to take into account the relativistic effects connected with the magnet ic and 
retardation interelectron interactions. In the nonrelativistic limit the matrix element obtained 
proceeds to the result of paper [6]. 

Introduction 

Processes of heavy particle collisions with forming of vacancies in inner shells of atoms form the ba
sis of many widely applicable practical methods of quantitat ive and qualitative analysis of mat ters , 
such as a Auger-spectroscopy, photo- and x-ray electron spectroscopy, electron and proton x-ray spec
troscopy etc. The set of these processes is one of the main information sources about the structure and 
properties of inner shells of atoms. Therefore, detailed experimental and theoretical study of various 
collision processes of forming and decay of vacancies in inner shells of atoms is of the great applied 
and fundamental importance. 

The collisions of the multiply charged ions B 2 b+ (Zb » 1) with neutral atoms A with large 
performance can lead to forming of two and more vacancies in inner shells of A. Under favourable 
conditions the mechanisms of nonadiabatic bound cause multielectronic transitions with effective cross
sections 10-16- 10-18 cm2 . In symmetrical systems A+ Az+ with a completely stripped ("bare") ion 
Az+ forming of two vacancies in the K-shell can occur at the expense of processes of two-electronic 
recharge 

(1) 

at distances that are larger than sizes of a united atom. Also, other more complicated mechanisms of 
forming of two vacancies in K-shell and higher shells are possible. If the two-electron vacancies are 
forming due to nonadiabatic two-electron transitions, the correlation effects play an essential role and 
the consideration of the problem is hardly possible in the framework of approximation of one-electron 
molecular orbitals. Furthermore, if the collision energy is not too large, t he connection of processes 
with inner-shell electrons and of similar processes where the transitions execute by outer electrons 
is observed. Unfortunately, all these phenomena are little studied, and for processes including highly 
charged ions and bare nuclei are not investigated at all. This situation is a surprising example of inertia 
in a theoretical field in the face of deficiency of experimental data that is not of the principal character 
and very likely connected with the difficulties in construction of sources of multiply charged ions and 
formation of beams of rather slow particles. In last decade in this range of studies the targeted work 
is carried out (see, for example, [1, 2]), and t he creation of the theory of multielectronic processes in 
ion-atomic and ion-ionic collisions is one of the most important problems. 
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