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Coupled Fibonacci Quasicrystals

A. Moustaj, M. Rontgen, C. Morfonios, P. Schmelcher, and C. Morais Smith, arXiv 2208.05178 (2022)

We study two identical Fibonacci chains coupled to each other in different ways. We find that this setup allows for a
rich variety of effects. Depending on the coupling scheme used, the resulting system (i) possesses an eigenvalue
spectrum featuring a richer hierarchical structure compared to the spectrum of a single Fibonacci chain, (ii) shows a
coexistence of Bloch and critical eigenstates, or (iii) possesses a large number of degenerate eigenstates, each of
which is perfectly localized on only four sites of the system. The latter realizes a perfectly flat band.

Hamiltonian and block-renormalization structure Different types of couplings

A (B)-site coupling Quasiperiodic coupling
p=Ta/TB

Hy = (5Hy-2—Tp) ® p*Hy-3© (S Hy-2+Ts)
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Fibonacci A — AB, Section of a Fibonacci

Substitution rule B — A. chain Positive-parity eigenstates of H,

oV (A) = ABAABABA--. — |0 (A)| = Fx
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Fibonacci ladders, with various inter-chain couplings, lead to numerous H, H+ is a periodic atomic chain, with
interesting physical situations! They exhibit a richer hierarchical energy unit lattice constant. H-is a
. ags _ Fibonacci chain, with shifted on-
structure, a coexistence of Bloch and critical eigenstates, and flat bands. e Yo'e’ Yo Yo's Yo'e! YoU n site potentials.

Moreover, defects affect the system in an organized manner. =
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