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Realization of laser cooling of positronium atoms and test of the weak
equivalence principle using an optical frequency comb
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19,600,000

1S-2P

We successfully develoged a special deep-ultraviolet pulsed laser for the
realization of laser cooling of positronium. The laser has a long pulse duration, a very broad
bandwidth, and it shows a fast frequency chirp. We also realized an stable femtosecond frequency
comb that can be phase-locked to a remote optical frequency standard via optical fiber networks. It
enables us to conduct ultra-precise frequency measurements in non-laboratory environments such as
particle accelerators. We demonstrated an improved production efficiency of positronium atoms from
positrons by searching the most efficient material to prepare pre-cooled, dense gases of
positroniums in cavities in a solid-state material. For that purpose, we also succeeded in
compression of a positron beam in both time and spatial domains. In addition, we succeeded in the
observation of the 1S-2P transition of positironium atoms in cavities in an aerogel.
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