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High-precision spectroscopy of cold antihydrogen H promises to yield information on fundamental principles of physics including parity
violation. A great deal of attention is focused on
schemes to yield antihydrogen eﬃciently [1] in
order to pursue this goal. On a broader front, the
interactions of antiprotons p with atoms or molecules is of great interest in problems such as the
formation and decay of antiprotonic matter. Here
we study a three-body formation of H through
reactive collisions of p with positronium Ps ¼
ðeþ ; e Þ. The eﬀect of the presence of a laser ﬁeld
on this process, p þ Ps ! H þ e , is analyzed. The
process was studied over a wide range of collision
energies and for a selected number of laser polarizations, frequencies and intensities.
The process is simulated by the classical-trajectory Monte Carlo (CTMC) method, which was
introduced into atomic physics by Abrines and
Percival [2] to calculate capture and ionization
cross sections for proton–hydrogen collisions.
Applications to the formation of exotic atoms
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have been reviewed by Cohen [3]. The CTMC
method is relatively simple to execute for threebody dynamics including the eﬀects of all possible classically accessible channels. It generally
provides reasonable estimates for collision crosssections.
The presence of an external sinusoidal ﬁeld introduced by a laser was found to enhance H formation. For example, an increase of 10–70% is
found for light of intensity 1:4  1013 W cm2 and
wavelength k ¼ 248 nm for a p collision energy of
1 keV. The increases can be attributed to laserinduced target excitations. In the synthesis of H,
based on collisional rearrangement, a laser ﬁeld
could act as a useful accelerant.
However, the CTMC calculation uses a classical
model for the true quantum mechanical system
and thus has shortcomings. Although the present
CTMC results are promising, a more authoritative statement on the viability of such schemes
would require quantal modeling of low-energy
laser-assisted p capture by Ps, or equivalently,
laser-assisted eþ -atom scattering leading to the
formation of Ps. Extensive studies of ﬁeld-free
collisions of slow antiprotons with excited positronium would also be of interest.
Details of this work have been reported recently
[4,5].
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