Interaction of lithium atom with hydrogen molecule
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Synopsis The interaction between lithium atom and hydrogen molecula is studied using the 4-body classical tra-
jectory Monte Carlo method. We present the total cross sections for the dominant channels, namely for single
ionization of the target, and ionization of the projectile, resulting from pure ionization and also from electron
transfer (capture or loss) processes for wide range of incident velocities of the lithium atom. Our results are com-

pared with available previous reults.

Understanding and an accurate description of fu-
sion plasma properties and its diagnostics, requires
knowledge of a wide range of particle interactions
and cross sections over several magnitudes of impact
energies. Although the last decades, it was a trial of
a large-scale study to provide this data, still many
basic atomic and molecular cross sections are miss-
ing.

Along this line, in this work, the interaction be-
tween lithium atom and hydrogen molecula is stud-
ied using the 4-body classical trajectory Monte Carlo
method in wide range of Li impact energies [1].

Interpretation of the cross sections in Li + H; col-
lisions is a challenging task for theories. The main
difficulty is caused by the many-body feature of the
collision, involving the projectile, projectile elec-
tron(s), target nucleus, and target electron(s). The
classical trajectory Monte Carlo (CTMC) method,
however, has been quite successful in dealing with
the ionization process in ion-atom collisions. One of
the advantages of the CTMC method is that many-
body interactions are exactly taken into account dur-
ing the collisions on a classical level. The CTMC
method is a nonperturbativ method, where classical
equations of motions are solved numerically. In the
present work the CTMC simulations were made in
the four-body approximation (see Fig.1.), i.e. the
many-electron target atom was replaced by a one-
electron atom and the projectile was taken into ac-
count also as two particles. H, molecule is modeled
by a hydrogen-type atom with one active electron
bound to the H," ion with an effective binding energy
(Eefr) and an effective core nuclear charge (Zes ). We
used Zesr = 1.165 and Eer = 0.567 a.u for Ha.
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This type of two body approximation was
successfully applied in the investigation of the H,O
molecule by several groups, leading to a good
agreement between theoretical predictions and
experimental data. For the multilectron Li projectile,
we take into the 2s electron of the Li atom. The
effective charge of 1.3 and binding energy of 0.198
a.u.were used to model the 2s orbital of the Li atom.

A large number (10°) of primiray trajectories
were followed based on our four body model. The
obtained cross sections were compared with
previous data [2].
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Figure 1. Schematic diagram of the 4 body simulation.

We found that our method is reliable for the genera-
tion of nonexistent cross-sections like, excitation,
ionization and charge exchange cross sections.
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