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Fig. 1. Tunable plasmon resonance in gated plasmon ribbon array[: (a) Schematic of the device (upper panel) and AFM image of a
typical ribbon array (lower panel); (b) gate dependent plasmon resonance with light polarization perpendicular to the ribbon array.

Inset shows the spectra with parallel light polarization; (¢) normalized plasmon frequency as a function of Fermi energy and carrier

density for different ribbon width.
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Fig. 2. Band structures for different types of topological materials: (a) Topological insulator [from Wikipedial; (b) topological semi-

metalsP7.
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Fig. 3. Hybrid plasmon modes in topological insulator thin slabs*!l: (a) Schematic of optical mode and acoustic mode; (b) plasmon

dispersion in 6 nm topological insulator film.
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Fig. 4. Far filed spectroscopic study of the plasmon modes in topological insulator films: (a) Extinction spectra of plasmon reson-
ance modes in topological insulator ribbon arrays with different width; (b) plasmon dispersion extracted from Fig. (a). Fig. (a) and
Fig. (b) from Ref. [46]; (c) magnetoplasmon mode and cyclotron resonance in topological insulator ribbon array as a function of ex-
ternal magnetic field*”; (d) plasmon dispersion in topological insulator microring array*’; (e) plasmon resonance modes of topolo-
gical insulator ribbon array from visible to ultraviolet frequency rangel*; (f) plasmon dispersion as a function of film thickness in to-
pological insulator ribbon arrays(®l.
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resolution®®¥; (c) unusual acoustic plasmon modes with linear dispersion measured with high energy resolution EELS/7.
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Fig. 6. Experiments of plasmons in topological semimetals: (a) Bulk plasmon dispersion in PtTe, measured by EELSI; (b) energy

loss spectra of plasmon modes in NbAs and TaAs measured by EELSIY; (c) transmission spectra of plasmon modes of CdyAss in

THz rangel®?. (d) and (e) temperature dependence of the anisotropic bulk plasmon and effective mass ratio in WTe,l%l.
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SPECIAL TOPIC—The frontiers and applications of topological physics

Spectroscopic studies of plasmons in topological materials”
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Abstract

Plasmonics plays an important role in the development of nanophotonics, which allows breaking diffraction
limit and controlling light in deep-subwavelength scale due to the strong interaction between light and free
carriers. Noble metals and 2-dimensional electron gas have been the main platforms for studying plasmonics
over the past decade. The metal-based plasmonic devices have exhibited great potential in various applications,
including integrated photonic systems, biological sensing, super-resolution imaging and surface-enhanced Raman
scattering, etc. Because of the high carrier density, plasmons of noble metals are realized in the near-infrared to
visible frequency range. With the rapid development of new materials, many other plasmonic materials are
discovered to exhibit new properties. One example is the graphene plasmons working in the mid-infrared and
terahertz spectral range, which exhibit strong field confinement and frequency tunability due to the massless
Dirac fermions and other exotic electrical and optical properties. Recently, topological materials, the band
structures of which are composed of cones with linear dispersion like in graphene, are discovered, such as the
topological insulators, Dirac semimetals, Weyl semimetals and nodal line semimetals, providing another
platform to study the Dirac plasmons. Such linear dispersion results in small electron mass and unique carrier
density dependence of plasmons. In addition, topological materials possess a tremendous amount of exotic
electron properties, such as the ultrahigh mobility, topological surface states and chiral anomaly in Weyl
semimetals, etc. Many of these electronic properties can be inherited by the collective oscillation of free
electrons, promising new possibility for plasmonics. Here, the experimental observations of plasmons in
topological insulators and topological semimetals are reviewed, with special focus on the studies based on
electron energy loss spectrum and Fourier transform infrared spectroscopy. At the end, other topological
materials with potential for hosting 2D plasmons are discussed. This review provides an overview of plasmons in

topological semimetals and may stimulate further quest of more exotic features for plasmons.

Keywords: topological insulators, topological semimetals, plasmons
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