Phonon Instabilities, Superconductivity and other Anomalies in Simple Elements under Pressure
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Theoretical and experimental results have shown an interesting correlation between complex structures and an enhanced superconducting transition temperatures in simple elements (e.g., Li, Ca, S, Se, Te, P, Ga, Y, …) under pressure. In all these elements, the increasing electronic localization with pressure strongly distorts their Fermi surfaces, mainly characterized by extended nestings, which, besides precluding the observed transition to complex structures, increases the electron-phonon coupling and enhances the superconducting transition temperature under pressure. However, there are other elements (e.g. Na) that, although electronic bands behave like a free electron-like system, so that the Fermi surface remains completely spherical, and have not been predicted to be good superconductors, present an unexpected anomalous melting curve associated to strong phonon anomalies of transverse modes that also induce complex structural phase transitions. In this talk we will characterize the physical origin of phonon anomalies in free-electron like compressed sodium.   

