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The significant modification of capture and
ionization probabilities in ion – atom colli-
sions, assisted by a strong laser field (above
1012 W/cm2), has been demonstrated theoreti-
cally [1–3]. So far, however, an experimental test
has not been performed, due to the difficult syn-
chronization of a collision with a laser pulse [1, 3].

We present electron capture and ionization
probabilities for ion – collisions in a strong laser
field (5 × 1013 W/cm2) by numerically solving
the 3-dimensional time–dependent Schrödinger
equation. This allows us to i) compute ab ini-
tio capture and ionization cross–sections, and ii)
assess the applicability of our previous approx-
imate (reduced dimensionality) calculation [2].
For circularly polarized laser fields and an im-
pact energy of 1.2 keV/amu, we find a substan-
tial modification of the electronic dynamics in
the H+–H collision system as compared to field-
free collisions. In particular, we observe a strong
dependence on the initial laser phase and the im-
pact parameter for both capture and ionization,
which can be explained using semi-classical ar-
guments [3].

A significant dichroism effect appears for cap-
ture between corotating and counterrotating vec-
tors of the internuclear axis and the laser electric

field. For the special case, when laser and col-
lision plane coincide, the dichroism (1) obtained
in our ab initio calculation [3] is in good agree-
ment with our reduced dimensionality results [2].
Capture becomes largest when collision and laser
plane are perpendicularly oriented. Furthermore,
we find evidence for charge resonant enhanced
ionization [3].

Even after averaging over the laser phase, this
dichroism remains for capture, while ionization
does not reveal any such a helicity dependence.
For total integrated capture cross–sections in co–
and couterrotating collisions, σco

cap and σcounter
cap ,

respectively, we found a relative capture dichro-
ism of ∣∣∣σco

cap − σcounter
cap

∣∣∣
σco

cap + σcounter
cap

= 7.2%. (1)
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Fig. 1. Contour plots
of the electron capture prob-
ability (a) - (c) and the ion-
ization probability (e) as a
function of impact parameter
and laser phase for corotat-
ing (CO) (a) and (e), off-plane
with α = ±90◦ (OP) (b),
and counterrotating (CR) (c)
collisions. Also shown are
the phase-averaged results for
capture (d) and ionization (f),
together with the field-free
probabilities.


