Examination of quasi-bound states of Hep and the
possible existence of a bound state
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There is continuing interest in antihydro-
gen (H) following the successful preparation
of H by the ATHENA and ATRAP projects.
See, for example, [1], [2]. Hep + eT is a re-
arrangement channel of He + H. Hep has
been studied within the Born-Oppenheimer
approximation. Using an approach similar
to that of Jonsell et al. in their calcula-
tions for HH [3], the electronic energy curve
of Hep has been calculated using the varia-
tional method with basis sets containing up
to 768 Hylleraas-type basis functions.

The energies and nuclear wave functions
for 50 s states have been obtained from our
potential by solving the nuclear wave equa-
tion numerically using the Cooley-Numerov
algorithm. We intend to use the present cal-
culations, along with entrance channel wave
functions derived by a variational calculation
by Armour et al. [4], to calculate cross sec-
tions for the He + H — Hep + e* rearrange-
ment.

For the state with the lowest energy we cal-
culate an energy, within the BO approxima-
tion, which is below the threshold for binding.
However the competing effects of the BO ap-

proximation and the variational method will
lower or raise slightly the calculated energy,
respectively, when compared to the true en-
ergy value. If no bound state exists, Hep has
a quasi-bound state very close to the thresh-
old for binding. The remaining states are
all above the lowest continuum threshold for
HeDp and are thus quasi-bound states.

For the low energy states of Hep we find
that the nuclei are so close together that is
very like H™.
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