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Optically polarized alkali metal cell for muonic
helium measurements
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Muonic helium is a helium atom with one of the two electrons substituted by a negative muon. This three-
body atomic system gives rise to opportunities to precisely study the hyperfine structure interval as well as
the negative muon magnetic moment and mass. Muonic helium atoms are formed by stopping a negative
muon beam in dense helium gas, but in this formation process, the polarization of muons is lost by a factor of
ten or more, remaining only several percent of the muons spin-polarized. They can, however, be repolarized
by spin-exchange collisions with polarized alkali metal atoms [1], the same as spin-exchange optical pumping
often used to polarize noble gas nuclei [2].
We are studying glass cells containing pressurized helium gas and alkali metals for muonic helium measure-
ments at J-PARC Muon Facility MUSE [3]. The glass cell, helium gas pressure, and polarized alkali metal
density are essential to maximize the number of polarized muonic helium atoms. So called hybrid alkali metal
optical pumping, which was first developed to achieve a high 3He nuclear polarization [4], can be applied
for effective repolarization of muonic helium atoms. In the hybrid optical pumping, Rb is optically pumped
conventionally, and the Rb polarization is rapidly passed to K atoms by spin-exchange collisions inside a cell
with Rb and K enclosed together. Thanks to the smaller spin-destruction cross section in K-K collisions com-
pared to those between Rb atoms, a higher alkali metal number density with a very high polarization can be
obtained by the hybrid method.
We will discuss hybrid alkali metal optical pumping cells for muonic helium measurements.
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