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The ASACUSA experiment at CERN recently measured the atomic transition frequencies of an-
tiprotonic helium (p̄He) to a fractional precision of 2.3-5 parts in 109 by non-linear two-photon laser
spectroscopy [1]. Antiprotonic helium is a metastable three-body atom [2] consisting of a normal he-
lium nucleus, a ground-state electron, and an antiproton occupying a Rydberg state with high princi-
pal and angular quantum numbers n and l, so that n ∼ l + 1. We irradiated the isotopes p̄3He and
p̄4He with two laser beams, which excited nonlinear two-photon transitions of the antiproton of the type
(n, l) → (n − 2, l − 2). By allowing the atom to simultaneously absorb a photon from each of the two
counter-propagating laser beams of similar wavelength, the broadening of the resonance lines caused by
the Doppler effect was partially canceled. This resulted in the observation of sharp spectral lines, from
which the transition frequencies could be precisely obtained. By comparing these experimental frequen-
cies with the results of three-body QED calculations [3], we derived an antiproton-to-electron mass ratio
of 1836.1526736(23), which agrees with the proton-to-electron value known to a similar precision [4].
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