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Experimentalists at CERN prepared antihydrogen (H̄) in 2002 and are carrying out
further work to trap it so that its properties can be studied. See, for example, refs. [1, 2].
There is interest in the interaction of H̄ with atoms and molecules for a number of reasons.
Firstly, it is a novel area involving the interaction of matter and antimatter. Secondly,
trapping requires cooling to sub-Kelvin temperatures and experimentalists are looking for
suitable atoms or molecules to cool antihydrogen. Thirdly, gases such as He and H2 may
be an impurity in their apparatus.

The first calculations we carried out were on HH̄ scattering at very low energies [3, 4].
The principal causes of loss of H in this process are rearrangement into pp̄ + Ps and
antiproton annihilation due to the strong interaction [5, 6].

We are in the process of calculating cross sections for the rearrangement reactions

He + H̄ →




He + p̄ + Ps
Hep̄ + e+

αp̄ + Ps−

at very low energies. These cross sections are simply related to the T -matrix

Tfi = 〈Φf |Vf |Ψ(+)
ki

,

where Ψ
(+)
ki

is the exact scattering wave function for the incident energy under considera-
tion. Vf is the potential that couples the two systems resulting from the scattering, e.g.
He+p̄ and Ps, omitting any long-range Coulomb term. Φf is the final wave function if Vf

is set to zero.
Tfi was calculated using the distorted wave Born approximation of Jonsell et al. [4].

In this method, the exact scattering wave function is approximated by the wave function
for the entrance channel, calculated using the BornOppenheimer (BO) approximation.

The leptonic wave function for the incident channel was calculated very accurately
using basis functions, χi, of the form

χi =
1

2π
[λai

1 λbi
2 λci

3 µdi
1 µei

2 µfi
3 × exp(−α1λ1−α2λ2−α3λ3 +β1µ1 +β2µ2 +β3µ3)S(pi)+2 ↔ 3]

where particle 1 is the positron, 2 and 3 are the electrons, λi and µi are prolate spheroidal
coordinates for particle i, ai, . . . , fi are non-negative integers, α1, . . . , β3 are parameters
and 2 ↔ 3 indicates the corresponding exchange term. Depending on the value of pi in



S(pi), χi is a σ or π type CI function or a Hylleraas-type function. Both positron-positron
and electron-electron correlation are taken into account.

The continuum wave function for the relative motion of the He and the H̄ was calculated
using the BO potential of Strasburger et al. [7]. Very accurate or exact wave functions
were used for the systems in the rearrangement channels. A description of this work at an
early stage is given in ref. 8.

The latest results for the rearrangement cross sections, both obtained directly by the
above method and using a further simplifying approximation, the overlap approximation
[9], will be reported at the conference.

In addition, mention will be made of calculations of cross sections for antiproton anni-
hilation by the strong interaction in very low-energy HeH̄ and H2H̄ scattering [10, 11].
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