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Synopsis We develop a two-center wave-packet convergent close-coupling approach to proton collisions with

helium including electron exchange. The convergence of the final results is studied in terms of the included

projectile- and target-centered pseudostates. We present electron-capture and single- and double-ionisation cross

sections in the projectile energy range from 15 keV to 1 MeV. We also provide partial cross sections for electron

capture and direct excitation into the n = 2 shell states of hydrogen and helium, where n is the principal

quantum number of the final state. Our results are in good agreement with available experimental data and other

calculations.

Proton collisions with the helium atom are
described by the four-body Schrödinger equa-
tion, which cannot be solved analytically. We
have developed a two-center wave-packet conver-
gent close-coupling (WP-CCC) approach to the
problem including electron exchange in the re-
arrangement channel. This is achieved by ex-
panding the total scattering wave function in
a basis of target- and projectile-centered pseu-
dostates. The Schrödinger equation is trans-
formed into a set of coupled differential equations
for the unknown expansion coefficients. By solv-
ing the resulting set of coupled equations we ob-
tain transition amplitudes into all included chan-
nels. The latter are used to calculate the neces-
sary cross sections. We also study the conver-
gence of the results by increasing the basis size.

In our approach the target is treated in the
frozen-core approximation. Correlations between
the electrons are taken into account. The He
wave functions and energy levels are obtained us-
ing a numerical approach.

To account for direct ionisation of helium
and electron capture to the continuum, positive-
energy states for both the target and projectile
are included. The continuum states are con-
structed with the wave-packet method by dis-
cretizing the continuum of the target and the hy-
drogen atom formed after electron capture by the
projectile. This allows us to include pseudostates
with arbitrary energies and distribution.

We calculated cross sections for electron
capture and single ionisation of helium in
the projectile energy range from 15 keV to

1 MeV. A comparison of the WP-CCC re-
sults for electron capture with the experimental
data of [1]−[4] and the time-dependent density-
functional-theory (TDDFT) calculations of Bax-
ter and Kirchner [5] is shown in Fig. 1.
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Figure 1. Total cross section for electron capture

in p+He(1s2) collisions as a function of the inci-

dent proton energy. The present WP-CCC results

are represented as a black solid line. Also shown

are the experimental data from [1]−[4] and the cal-

culations of Baxter and Kirchner [5].
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