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Abstract

The proposal aims at revolutionizing the design of integrated photonic circuits by applying the
fundamental principles of topological physics. The topology of a structure characterizes discrete
properties, which are inherently immune to flaws, are robust to environmental factors. More
widely than electronics, incorporating topology into the design of new structured materials opens
the door to the photonic realm. Meanwhile, recent development of integrated photonic platforms
offers the opportunity of creating sub-wavelength optical waveguides in a large scale while
requesting more robust operations. These demonstrations have now created an exciting
ecosystem with a variety of high-performance photonic building blocks ready for further
integration into larger-scale photonic integrated circuits (PICs) with advanced functionalities.
However, there exist open questions such as how to overcome the factors that constrains the
density of optical information channels within confined device volume and how to interface
photonic communication links with individual isolated quantum systems. Leveraging the recent
advances in both topological photonics and integrated photonics, our program will make the
attempt to incorporate the principles of topological physics into the design of dynamic and
programmable photonic integrated circuit platforms with unparalleled functionalities. Specifically,
our project will implement novel concepts such as gauge field and non-Abelian topological
pumping, topological singularities such as Dirac points and Weyl points, non-Hermitian and
supersymmetric physics, for the design of compact and dynamically tuneable integrated photonic
circuits, leveraging the concept of synthetic dimensions in the parameter space and providing new
design strategies to achieve robustness against fabrication errors. The existing world-renowned
local research strength of different universities will be assembled and propelled to a higher level
by this strategic project. Local young talents will be incubated and trained, and global talents will
be attracted to Hong Kong. Hong Kong is currently unique in having a critical mass of photonic
scientists, fully capable of making fundamental discoveries and taking such discoveries to real

world applications, benefiting industries in the Greater Bay Area.
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