Close-coupling CI-approach of atomic and molecular collisions:
new perspectives on inner-shell processes in H+ - Li
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We present a novel approach to describe multi-electronic processes (electron transfer, excitation and ionization) occurring in ion-atom and ion-molecule collisions in the
intermediate keV energy range. The treatment is based on the so called impact parameter semiclassical approximation [1,2] in which the electronic time-dependent Schrödinger
equation is solved non perturbatively, taking into account all the electrons of the system
with static and dynamic correlations.
The equation is solved using a CI approach where the scattering wave function carries
all information about spatial symmetry and spin multiplicity for the total system and for
the isolated partners of the collision. For that purpose we use the permutation group
theory together with Young diagram formalism instead of a Slater determinant approach
[3].
We apply this model to a genuine, benchmark, three-electron system, H+ - Li, for
which we present results for exchange processes from valence and inner-shell compared
with experimental results [4] when available. In the conference we shall give a peculiar
insight on new features brought by this full multi-electronic treatment compared to the
quasi one-electron model commonly used. We shall focus our attention on the couplings
between valence and inner shell processes that can lead to two types of inner-shell capture
mechanisms : direct or two-steps. Differences will be highlighted by the analysis of the
inner-electron density temporal profile, as shown in the figure below.

Figure 1: Inner-electron density in the x,z plane calculated for two different collision energies at four different times. The
spatial grid interval is 2 a.u. The color palette extends over 4 orders of magnitude.
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