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Search for a novel diatomic molecule consisting of a hydrogen atom and an
excited muonic hydrogen atom
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The muon is an elementary particle with a mass 207 times greater than that

of the electron. In this study, the quantum state of a tiny molecule formed when a muon combines two

hydrogen nuclei was revealed. In particular, precise calculations were carried out to understand
the quantum state of the resonance state (temporary bound state) of the muonic molecule under the
electron cloud. By directly obtaining the wavefunction of the four-particle system, it was revealed
that the muonic molecule contracts under the electron cloud compared to the isolated muonic
molecule, and that the dissociative X-ray emitted by the resonant state of the muonic molecule shows

a characteristic energy structure identifying the quantum state. These results, in conjunction with
the latest precision X-ray spectroscopy experiments, provide a new picture of the muonic molecules
and cascade processes.
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