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systems, we aim to study new topological phenomena. In

%1 & kj
Perspective, we summarize the current state okltheand

\aB\
highlight the use of nanoparticle systems for exploring topological T°p°\°‘ \Qw
phases beyond electronic analogues. We provide an overview of the ANOFA“

tools needed to capture the radiative, retardative, and long-range

properties of these systems. We discuss the application of dielectric \a

and metallic nanoparticles in nonlinear systems and also provide an Ph°\°“

overview of the newly developed topic of topological insulator

nanoparticles. We hope that a comprehensive understanding of

topological nanoparticle photonic systems will allow us to exploit them to their full potential and explore new topologic
phenomena at very reduced dimensions.
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ABSTRACT: Topological nanophotonics is a new avenue fo

exploring nanoscale systems from visible to THz frequencies, wi
unprecedented control. By embracing their complexity and f
utilizing the properties that make them distinct from electrg

1. INTRODUCTION unattainable in either traditional condensed matter systems or

The advent of topological condensed matter physics hRSotonic systems. In particular, we focus on nanoparticle
resulted in a wealth of new phases of matter to eXpbrgystems. It is important to hlghllgh_t the fre_quency freedom
understand, and confrdi (seeFigure ). The condensed allowed by these systems. The wsﬂgle and |r_1frare_d zones are
matter community has been able to predict and createovered ;UsSing metals (plasmoriicgnd high index
materials exhibiting topological phases andntanany of ~ Materials” We can reach the UV zone using aluminum
the myriad of exotic phenomena that accompany them. B’pnoparticlég or silicon nanostructures (exciton-polar-
transferring these concepts to photonic systems, we can fons)>° The lower energy zone (GHz-THz) can be obtained
only study these ideas with highly tunable and controllablgith semiconductor nanoparticlesr even topological
platforms but also open the door to new physics which goéssulator§>**

beyond that found in traditional condensed matter systems.This Perspective will review developments in the rapidly
Topological photonits* has allowed for the study of non- evolving eld of topological nanoparticle photonics and discuss
Hermitian topological systeffishigher-order topological the avenues by which these systems could be used to further
phases; and topological phases in the presence of longdrive our knowledge and applications of lightter

range interactions. Photonic systems allow us to designinteractions at the nanoscale.

crystals and metamaterials free from the limitations of atomicjy Section 2 we present a brief summary of the

systems and in frequency ranges less accessible in electrgytithematical concepts needed to understand topology, the
materials. current state of progress in topological photonics, and the

The continuing evolution of thisld has naturally led to the 45| progression into topological nanophotonigsction
exploration of topology in nanophotonic systetfibringing

with it the promise of technological besesuch as
miniaturization, heightened photon control, and access "
more elusive operating frequencies such as the THz ran
While bringing potential technological advancement (such _
improved sensors and lasers in hard-to-reach frequericyP!ished:May 4, 2022
regimes), topological nanophotonics may also allow us to

discover new phenomena, with new physical properties that are
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