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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.
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Positive-parity eigenstates are 

extended Bloch waves (orange), 

while all negative-parity 

eigenstates are critical (blue). The 

spectrum is absolutely continuous 

for the Bloch sector, while it is 

singular continuous in the critical 

sector. 

There are as many CLS’s as there are 

plaquettes, and they are all eigenstates 

with the same energy eigenvalue. They 

generate a perfect flat band in the 

quasiperiodic limit (see red dots). 

Conclusion:

Fibonacci ladders, with various inter-chain couplings, lead to numerous 

interesting physical situations! They exhibit a richer hierarchical energy 

structure, a coexistence of Bloch and critical eigenstates, and flat bands. 

Moreover, defects affect the system in an organized manner. 

The single-site (defect) 

coupling only affects one 

particular cluster of 

eigenstates. 
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The eigenstates of the total system 

are still showing fractal behavior, 

albeit with a different multifractal 

curve. There is a slightly stronger 

preference for some states to localize, 

as can be observed from the 

eigenstate map. 

A-site coupling

H+ is a periodic atomic chain, with 

unit lattice constant. H- is a 

Fibonacci chain, with shifted on-

site potentials.

Coexistence of Bloch 

(orange) and critical 

eigenstates (blue).
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Different types of  couplings
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