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Introduction

Topological optics is a research field that investigates the properties of nanophotonic materials with topo-
logically nontrivial band structures. This field has raised people’s interests in recent years for its potential
in developing low-loss optical waveguides and in studying fundamental condensed matter physics. Valley
photonic crystals (VPCs) are particularly interesting among numerous proposals of topologically nontrivial
photonic materials. This is because VPCs can be realized in dielectric materials and support low-loss photonic
edge modes (known as topological edge states). These properties make VPCs a promising candidate for
realizing large-scale low-loss photonic integrated circuits.

Topological edge states in VPCs have been theoretically predicted and experimentally observed in recent
studies [1-3], where the emergence of these photonic modes is attributed to the topologically nontrivial band
structures of VPCs. The relation between VPCs’ band structures and the emergence of topological edge
states is referred to topological protection. Importantly, this statement of topological protection implicitly
omits the role of interface geometry of VPCs. This immediately entails a fundamental question that, will
topological edge states arise at any interface of VPCs?

This question can raise two seemly contradicting arguments. On the one hand, according to the currently
prevailing understanding of VPCs, topological edge states should appear at their interfaces regardless what
the interface shape looks like. However, our physical intuition of nanophotonics suggests that the properties
of these photonic edge modes should strongly depend the interface geometry due to optical confinement.

To answer this question, we investigate how transforming the interface geometry impacts edge modes in VPCs
[4]. Our experimental observation and numerical simulation both suggest that, the emergence of topological
edge states only occurs at certain interfaces of VPCs. And they can be transformed to trivial photonic modes
when changes are made to the interface geometry. These results break the current intuition regarding the
behavior of topological edge states and establish the limitations of topological protection in VPCs.
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