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Room-temperature superconductivity has been one of the most challenging subjects in modern physics. Recently, the discovery of room-temperature superconductivity (SC) was experimentally realized in the fcc phase of LaH10 under megabar pressures. Here, based on first-principles calculations, we reveal that compressed LaH10 has a van Hove singularity (vHs) near the Fermi energy (EF), which are composed of strongly hybridized La f and H s orbitals. Further, we identify a peculiar characteristic of electrical charges with anionic La and both anionic and cationic H species in compressed LaH10, giving rise to a large electron-phonon coupling (EPC) [1]. Specifically, we find that softening of the low-frequency optical phonon modes of H atoms dramatically occurs as pressure decreases, giving rise to a significant increase of the EPC constant. Meanwhile, the electronic band structure near the Fermi energy is insensitive to change with respect to pressure. These results indicate that the pressure-dependent phonon softening is unlikely associated with Fermi-surface nesting, but driven by effective screening with the electronic states near the Fermi energy. It is thus demonstrated that the strong variation of EPC with respect to pressure plays a dominant role in the decrease of Tc with increasing pressure [2]. Finally, we reveal the presence of two nodeless, anisotropic superconducting gaps on the Fermi surface, thereby demonstrating that multiband pairing is responsible for the room-temperature superconductivity in compressed LaH10 [3].
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