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Synopsis We present a theoretical treatment of the multiple-ionization by light projectiles, which is valid in an
extended energy range (from near threshold to the keV region). It covers the direct ionization and the post-
collisional electron emission, and takes into account charge and mass effects: projectile trajectory, finite momen-
tum transferred, energy threshold. Our results for positron and electron-impact on Ne, Ar, Kr and Xe, are com-
pared with a detailed compilation of experimental data of multiple and of total ionization cross sections. These
values and previous ones for antiproton and proton-impact let us to present an extended picture of the particle-

antiparticle multiple-ionization.

Electron and positron impact ionization is a
very active field [1-3]. In this work we aim to
describe the multiple ionization (MI) by light
projectiles in an extended energy range by em-
ploying the continuum distorted-wave eikonal
initial state approximation [4]. As this model is
valid for heavy projectiles, we introduced cor-
rections to account for the finite momentum
transferred, the non-linear trajectory and the
minimum energy [5]. The thresholds, calculated
considering the mean kinetic energy of the out-
going electrons, describe reasonably well the
experimental appearance energies from single to
sextuple ionization [6]. Within the independent
particle model, the MI is a multinomial combi-
nation of independent ionization probabilities of
the different subshells [7-8]. We introduce the
energy thresholds and the post-collisional
branching ratios in the multinomial expression.
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Figure 1. Double ionization cross section of Xe by im-
pact of positron (thick-red line) and electron (thin black
line). The dashed line indicates the direct ionization.
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In figure 1 we display positron and electron
results for the double-ionization of Xe, together
with the experimental data available. The de-
scription of the experimental energy threshold is
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good. Note that for Xe, above 0.2 keV the Au-
ger-type post-collisional ionization (PCI) is im-
portant. In figure 2 we display the total (or
gross) ionization cross section of Xe by positron
and electron-impact. Our positron results are
above the electron ones around the maximum,
in agreement with the data [9-10].
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Figure 2. Total ionization cross sections by positron and
electron impact. Notation, as in figure 1.
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