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Fig. 1. Field in nano gap: (a) Static polarizability a.. of (Agn), dimer as a function of gap size S; (b) transferred charge @ as a

function of Sin (Agig)ass ;

(¢) comparison between TDLDA results (dots) and classical results (lines) for the plasmon energy of

the dimer; (d) plasmonic interactions within the three regimes; the lateral confinement width w of each mode, extracted from the

simulated near-field distribution, as the cavity width d is reduced's..
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Fig. 2. TERS spectra: (a) Schematic setup of the TERS; (b) STM topograph of H,TBPP molecules monolayer on Ag(111);

(c) TERS spectra at different positions or conditions!®.
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Fig. 3. Theoretically calculated spectral features of the hybrid systems at different coupling strengths Vc and Vj,: The absorption
spectra at (a), (c) different Ve with a fixed V; and (b), (d) different Vj, with a fixed V¢ [
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Fig. 4. The mechanism of plasmon-enhanced quantum coherence: Schematic of electron-electron scattering with (a) and without (b)

plasmon excitation(?!,
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Fig. 5. Plasmonic circuits: (a) Schematic illustration of logic
gate NOR built by cascaded OR and NOT gates; (b) optical
image of the designed Ag NW structurel’; (c), (d) schematic
of the simplified CNOT gate composed of three PDBSs.
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Fig. 6. Spaser design: (a) Diagram of the hybrid nanoparticle architecture; (b) transmission electron microscope image of Au corel!?);

(c) schematic of the plasmonic laser; (d) the stimulated electric field distribution at laser frequency!'!); (e), (f) schematic of the plas-

monic laser®,
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Fig. 7. Ultrafast room-temperature single photon emission: (a) Illustration of a single colloidal QD in the gap between a silver

nanocube and a gold film; (b) cross-sectional schematic of a single QD embedded in the nanocavity; (c) simulated enhancement in

the spontaneous emission rate relative to the free space ratel®!.
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Fig. 8. Metal-to-semiconductor charge-separation pathways: (a) The PHET mechanism, in which a photoexcited plasmon decays in-

to a hot electron-hole pair through Landau damping, followed by injection of the hot electron into the CB of the semiconductor;

(b) optical excitation of an electron in the metal directly into the CB of the semiconductor through the DICTT pathway; (c) the

PICTT pathway, where the plasmon decays by directly creating an electron in the CB of the semiconductor and a hole in the metall
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Fig. 9. Plasmonics in two-dimensional materials: (a) Schematic of the scanning near-field measurements; (b)tunability of plasmon
reflection at a potential stepl''?; (c) typical near-field amplitude image obtained utilizing a silicon tip, the red line profile shows the
corresponding oscillating behavior; (d) theoretical fitting of the observed profile, the light blue points are the experimental results,
and the black solid line represents the theoretical fitting, which includes the contributions from the different excitations!!?);
(e) probing directional plasmonic enhancements using a two-dimensional atomic crystal probe; (f) Raman scattering spectra of the

nanocavity system/!6l,
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SPECIAL TOPIC—Plasmon-enhanced light-matter interactions
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Abstract

Plasmonics, focusing on the fundamental researches and novel applications of plasmons, has rapidly
developed as an important branch of nano-optics in recent years. Essentially, surface plasmons are highly
localized collective electron excitation at a metal-dielectric interface. This elementary excitation can be strongly
coupled with electromagnetic fields, which enable one to collect, manipulate, and emit micron-scale optical
signals through using nano-scale structures. Recently, the quantum properties of plasmons have received
tremendous attention as nanofabrication techniques approach to the quantum limit. On this scale, with the
unique intrinsic properties of plasmons, i.e. the particle-like nature of photons and wave-like nature of electrons,
quantum plasmonics exhibits very attractive prospects in quantum information, high-efficiency optoelectronic
devices, and highly sensitive detection, etc. Here in this paper, we review the development of quantum
plasmonics in recent years, by introducing the research progress of relevant theories and the experimental

breakthroughes. Some perspectives of the future development of quantum plasmonics are also outlined.
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