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Superconductivity

e Most important quantum phases (" Power transmission | ( Controlled fusion
e Non-resistance
e Diamagnetism

e Broad applications
e Dissipation-less power transmission
e Quantum computing (qubits)
e Controlled nuclear fusion
e Public transportation

.
/ Transportation \




Roadmap of Superconductors

e 1911 : Superconductivity (SC) first observed in Hg

e 1957 : BCS theory

e 1986 : Cuprate superconductors
ydride SC realized _

e 2015
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Equilibrium Band Structure of LaH,,

e First principles calculation .
e Density functional theory (DFT) calculation ( @ QUANTUMESPRESSO

e Wannier tight-binding model simulation
e Band Structure Benchmark

e Equilibrium DOS calculation WA N N | E R 9 O
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Electron-Phonon Coupling Calculations

e Electron-phonon coupling for superconductivity
e DFPT phonon and el-ph coupling matrix elements
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Nonequilibrium Band Evolution of LaH,,

 Nonequilibrium electron structures of LaH,,
e Approximations for time-dependent Hamiltonian
e Diagonalize Floquet Hamiltonians H for band structure
e Evolution of nonequilibrium DOS under different pump strengths
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Nonequilibrium Electron-Phonon Coupling of LaH,,

e Electron-phonon coupling and T, calculations
e Nonequilibrium el-ph coupling matrix elements g
e Nonequilibrium Eliashberg functional a?F (w)

e El-ph coupling strength ] & transition temperature T, phonon
dynamical

matrices

nonequilibrium steady-state system (Floquet)
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Summary

A dynamic approach to increase T. in hydrides

e Light-induced room temperature superconductivity
e Elevated DOS and electron-phonon coupling contribute to T, increase

e Pressure dependence & polarization analysis (not shown in presentation)
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Thanks for your attention!
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