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Cold muonium beam for atomic physics and gravity
experiments
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We are investigating methods to create a novel muonium (Mu) source, based on μ+ → Mu conversion in su-
perfluid helium (SFHe), which has the potential of providing high brightness Mu beams for next generation
laser spectroscopy experiments. We are also investigating the feasibility of using such sources for measuring
the gravitational interaction of Mu. The positive muon (μ+) which is dominating the Mu mass is not only an
elementary antiparticle, but a second-generation lepton too. This makes a gravity experiment highly moti-
vated, and complementary to gravitational studies of antihydrogen and positronium.
State-of-the-art Mu sources (like silica aerogel, mesoporous SiO2) emit Mu atoms with a large (thermal) en-
ergy distribution, and wide (∼ cos θ) angular distribution. Cooling of these porous samples below 100 K results
in rapidly declining numbers of vacuum-emitted muonium due to decreased mobility, and atoms sticking to
the pore walls.
Our proposed method relies on stopping μ+ in a thin layer of SFHe, and forming Mu by capturing an elec-
tron from the ionization trail. A fraction of the Mu diffuses to the SFHe surface within their lifetime, where
emission into vacuum occurs. The velocity of the emitted Mu (∼ 6 mm/μs) is given by their large chemical
potential (E/kB ∼ 270 K) in SFHe, while their thermal distribution determines the transverse momentum.
In this poster, methods and challenges to create such SFHe Mu sources, the present status, and the feasibility
of an antimatter gravity experiment will be discussed.
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