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Development of methods for analyzing anharmonic phonons and their application to
structure searches in dense hydrogen and hydrides
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Ab initio methods to analyze anharmonic phonons are developed by using the
self-consistent harmonic approximation and applied to the investigation of structures of dense
atomic hydrogen. The analysis shows that hydrogen is transformed into an isotropic phase at 3.5 TPa,

where five 1sotropic structures are quite competing with close enthalpies owing to the anharmonic
effects. Also, anharmonicity is found to stabilize the bcc structure dynamically at 5.8 TPa although
it is unstable up to 233 TPa in the harmonic approximation. The findings suggest the importance of
anharmonicity in discussing the phase diagram of dense hydrogen.
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