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Synopsis A wave-packet convergent close-coupling approach is applied to study differential ionisation in proton-

helium collisions. The fully differential cross sections for electrons ejected with energy of 5.4 eV are investigated

in 75 keV proton-helium collisions. We also study the doubly differential cross sections for electrons ejected with

energies up to 65 eV at intermediate projectile energies (50-150 keV). The results are converged regarding the

number of pseudostates included and are in fairly good agreement with the available experimental data.

In our recent work we developed a wave-
packet convergent close-coupling (WP-CCC) ap-
proach to calculate the total cross sections for
single ionisation and electron capture in proton-
helium collisions [1]. The approach is based on
expansion of the total scattering wave function in
a basis made of target- and projectile-centered
pseudostates and includes electron exchange in
the rearrangement channel. The target is treated
in the frozen-core approximation, where corre-
lations between the electrons are taken into ac-
count. Direct ionisation of helium and electron
capture to the continuum of the projectile are
accounted for by including positive-energy states
for both the target and projectile. The contin-
uum states are constructed using the wave-packet
method by discretising the continuum of the tar-
get and the hydrogen atom formed after electron
capture by the projectile. This allows us to in-
clude pseudostates with arbitrary energies and
distribution, making the method ideal for differ-
ential ionisation studies.

Here we extend our method to calculate dif-
ferential cross sections for single ionisation of he-
lium. As an example, Fig. 1 shows our results
for the fully differential cross section for single
ionisation of He by protons with incident energy
75 keV. The results are provided for different
values of the transverse momentum transfer qt.
The experimental data of Schulz et al [2] are
normalised to our results. We also compare our
results with the first-order perturbative calcula-
tions of Schulz et al [2], Ma et al [3] and Niu et
al [4]. Regarding the shape of the angular de-
pendence, all calculations are in generally good
agreement, but none of them can reproduce the
experimental data perfectly.
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Figure 1. Fully differential cross sections for elec-

trons with an energy of 5.4 eV ejected into the scat-

tering plane in 75-keV p+He collisions. The WP-

CCC results are compared with the experimental

data of [2] (multiplied by 5.3 at qt=0.13 au, 2.9 at

qt=0.41 au, 1.15 at qt=0.73 au and 0.44 at qt=1.38

au, where qt is the transverse component of momen-

tum transfer) and perturbative calculations [2, 3, 4].
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