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Abstract

A prominent challenge of modern condensed-matter theory is to predict reliably material-specific
properties of superconductors, such as the critical temperature. The traditional model of Bardeen,
Cooper and Schrieffer (BCS) properly describes the universal features that all conventional
superconductors have in common, but it is not able to make accurate predictions of material-
specific properties. A novel density-functional-type approach to the description of phonon-
mediated superconductivity is presented. The goal of this approach is to provide a theory with
predictive power, allowing the calculation of material-specific properties such as the critical
temperature. To this end, the electron-phonon interaction and the electron-electron repulsion are
treated on the same footing. There are no adjustable parameters such as the u* of Eliashberg
theory. Approximations of the universal xc functionals are derived on the basis of many-body
perturbation theory. Numerical results for the critical temperature and the gap will be presented
for simple metals, MgB,, calcium intercalated graphite CaC, and for Li, Al and K under pressure.
In particular, for MgB,, the two gaps and the specific heat as function of temperature are in good
agreement with experimental data. For Li and Al under pressure, the calculations explain why
these two metals behave very differently,leading to a strong enhancement of superconductivity
for Li and to a clear suppression for Al with increasing pressure. For fcc K we predict a behavior
similar to Li, i.e. a strong increase of T, with increasing pressure. Finally, results for hydrogen
under extreme pressure will be presented. It turns out that hydrogen is a three-gap
superconductor with a critical temperature of 242K at 450 Gpa.
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