Guided modes in a hexagonal periodic graph like domain : the
zigzag and the armchair cases
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We consider the propagation of acoustic waves in a particular periodic medium which consists of the plane
R? minus an infinite set of equispaced hexagonal perfect conductor obstacles. The distance between each
obstacle is supposed to be small. We introduce two types of unbounded lineic defects, the zigzag one
and the armchair one, by changing the distance between two obstacles from each side of a line having
respectively a zigzag form or an armchair one. Our aim is to find guided modes, that is to say solutions
of the homogeneous wave equation propagating along the defect. It is well known that the guided modes
are related to a spectral problem. We want, in this work, to exhibit conditions on the perturbations
which ensure existence of guided modes.

Inspired by previous works on square lattices [1], we analyse the spectral problem by using a stan-
dard approach of asymptotic analysis. We first find the formal limit of the eigenvalue problem as the
distance between the obstacles tends to 0. It corresponds to an eigenvalue problem for a second dif-
ferential operator defined along an hexagonal graph. We proceed then to explicit computations of the
spectrum. Finally we prove that the spectrum of the initial operator is close to the spectrum of the limit
operator, as it is done in [2].

We show in particular that the conditions which ensure existence of guided modes are completely different
if the perturbation follows a zigzag line and an armchair one. More precisely, the zigzag perturbations
exhibit a certain stability (whose precise definition will be given) that the armchair perturbations have
not. Similar results have been obtained for the Schroedinger operator in honeycomb structures in [3].

We will illustrate all the theoretical results by numerical simulations.
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