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Theoretical analysis on the model Hamiltonian of
layered nitride chloride superconductors derived from
first principles calculation

Hiroshi Tanaka

Abstract

Layered nitride chloride superconductors MNCIl (M=Zr,Hf) have at-
tracted much attention ever since their discovery. They have relatively
high Tc up to 25K, but the electron-phonon coupling turns out to be
weak, which was revealed by experimental as well as theoretical studies.
This indicates a possible unconventional pairing mechanism mediated by
spin and/or charge fluctuations. Although there have been some theories
along this line, the model Hamitonian was not satisfactorily realistic.
In this doctoral thesis, I first construct a model Hamiltonian of ZrNCl
that correctly reproduces the low energy band dispersions obtained in
the first principles band calculation. In order to deduce the essence of
the superconductivity, the smaller the number of considered orbitals in
the model Hamiltonian, the better. Considering both the on-site and
the off-site electron-electron interactions, the spin and the charge sus-
ceptibilities are calculated within the random phase approximation.
The results show that 14, 10, and 8 orbital models that consider both
the d and p orbitals explicitly exhibit basically the same spin and charge
fluctuations, while the 4 orbital model that considers only the d orbitals
shows an entirely different behavior.

From here, I conclude that the 8 orbital model is the minimal model for
this material. The obtained model Hamiltonian serves as a first realistic
model of MNCI, and should provide a basis for analyzing the possibility

of unconventional superconductivity.
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