Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



ADVANCES IN CLASSICAL AND QUANTUM
WAVE DYNAMICS ON QUASIPERIODIC
LATTICES

A dissertation submitted for the degree of
Doctor of Philosophy
in
Physics

Center for Theoretical Chemistry and Physics
New Zealand Institute for Advanced Study
Massey University, Albany
New Zealand

Carlo Danieli

June 2016






Declaration

This dissertation is a presentation of the research conducted between February 2013 and
June 2016 at the Center for Theoretical Chemistry Physics within the New Zealand Institute
for Advanced Study at Massey University (Albany campus, Auckland, New Zealand) while
enrolled in the Doctor of Philosophy degree.

The degree was carried out under the supervision of Prof. Sergej Flach, Dr. Joshua D.
Bodyfelt and Dist. Prof. Gaven J. Martin.

The material reported is, at the best of my knowledge, original (except where acknowledged),
and it has not been submitted in whole or in part for a degree in any university.

Carlo Danieli
June 2016






The most merciful thing in the world, I think, is the inability of the human mind to correlate
all its contents. We live on a placid island of ignorance in the midst of black seas of infinity,
and it was not meant that we should voyage far. The sciences, each straining in its own
direction, have hitherto harmed wus little; but some day the piecing together of dissociated
knowledge will open up such terrifying vistas of reality, and of our frightful position therein,
that we shall either go mad from the revelation or flee from the deadly light into the peace
and safety of a new dark age.

H.P. Lovecraft
The Horror in Clay






Vil

Abstract

Lattices and discrete networks are cornerstones of a number of scientific subjects. In con-
densed matter, optical lattices allowed the experimental realization of several theoretically
predicted phenomena. Indeed, these structures constitute ideal benchmarks for light and
wave propagation experiments involving interacting particles, such as clouds of ultra-cold
atoms that Bose-Einstein condensate. Moreover, they allow experimental design of partic-
ular lattice topologies, as well as the implementation of several classes of spatial pertur-
bations. For example, Anderson localization being observed for the first time in atomic
Bose-Einstein condensate experiments and Aubry-André localization discovered with light
propagating through networks of optical waveguide.

This thesis considers different types of lattices in the presence of quasiperiodic modula-
tions, mainly the celebrated Aubry-André potential. Particular attention will be given to
spectral properties of models, localization features of eigenmodes and the transition from
delocalized (metallic) eigenstates to localized (insulating) ones within the energy spectrum.
We additionally discuss the relation between the model’s properties and the dynamics of
particles hopping along the lattice.

After introducing the linear discrete Schrodinger equation, we first discuss the spec-
tral properties of the Aubry-André model. We then study the transition between metallic
and insulating regimes of a class of quasiperiodic potentials constructed as an iterative
superposition of periodic potentials with increasing spatial period. Next, we discuss the
Aubry-André perturbation of flat-band topologies, their energy-dependent transition (mo-
bility edge), which can be expressed in analytical forms in case of specific onsite energy
correlations, highlighting existence of zeroes, singularities and divergences. We then discuss
two cases of driven one-dimensional lattices, namely an Aubry-André chain with a weak
time-space periodic driving and an Anderson chain with a quasiperiodic multi-frequency
driving. We show anaytically and numerically how drivings can lift the respective localiza-
tion and generate delocalization by design. Finally we discuss the problem of the possible
generation of correlated metallic states of two interacting particles problem in one dimen-
sional Aubry-André chains, under a coherent drive of the interaction.
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