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Synopsis Multiple ionization process of a rare gas dimer collided with a slow highly charged ion is investigated

with the three-center Coulombic over-barrier model previously developed by the present authors. To reveal

stereodynamical effects, we calculate the cross sections for asymmetric ion-pair formation as a function of the

orientation angle. We distinguish the near and far atomic sites, as well as the forward and backward ions,

produced as a result of Coulomb explosion.

Multiple ionization process of a rare gas
dimer BC collided with a slow highly charged
ion Aq+ is investigated with the three-center
Coulombic over-barrier model previously devel-
oped by the present authors [1, 2]. To reveal
stereodynamical effects, we calculate asymmet-
ric ion-pair formation cross sections σ(QB, QC)
as a function of the orientation angle. In recent
works, we have modified the model so as to in-
troduce the effect of partial screening for “non-
active” target atomic site (either B or C) during
a collision in respective steps of electron removal
[1]. We have also calculated the ion-pair forma-
tion cross sections by considering both projectile
and target screening [2].

The present work is stimulated by the inves-
tigation at GANIL, where the azimuthal angle
dependence is observed around the beam axis as
an orientation effect [3, 4]. On the other hand,
in the present work, we investigate the polar an-
gle θ dependence. We assume that BQB+ ion is
emitted in forward directions with CQC+ ion in
backward directions, i.e., (θB, φB) = (θ, φ) and
(θC, φC) = (π − θ, π + φ) with cos θ ≥ 0 and
0 ≤ φ ≤ 2π, where cos θ ≡ d̂ · v̂ defined by the
beam vector v and the dimer axis vector d.

Figure 1 indicates the cross-section ratio
r31/22 ≡ (σ31 + σ13)/σ22 in the region of 0 ≦
cos θ ≦ 1. When θ = π/2, the incident ion col-
lides perpendicularly with the target. At this
angle, the ration r31/22 is almost 3 ∼ 7 in the fig-
ure, which gives reasonable agreement with the
experimental result [4]. On the other hand, the

ratio shows peculiar behavior in the forward di-
rections as cos θ ≃ 1. Asymmetric cross-sections
σ31 and σ13 are never populated in pararell in-
cidence (θ = 0). Note that we only consider
the way-in process in the present model. To get
physical insites more clearly, we make the log-
arithmic plot by taking an appropriate variable
n ≡ log2(1− cos θ)−1 as the horizontal axis.
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Figure 1. Orientation dependence of cross-section

rario, (σ31 + σ13)/σ22 .
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