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It seems clear that the next big technological advance is inexorably linked with our ability to manipulate light at the nanoscale. One major task among many is to invert the stagnant performance of microprocessors during the last years. Shifting from using electronic to photonic systems could have a disruptive impact on the next computational and communication technologies as well as presenting new avenues in fundamental research. Of all photonics research areas, plasmonics is possibly the most promising route toward this goal.
Plasmonics (see Figure 1) is historically related to the study of how light interacts with the electrons of metal nanoparticles (Giannini et al., 2011). Artists trying to color glass started such studies empirically a long time ago, but the first rigorous description using electromagnetism came with the work of Mie, Lorenz, and Debye during the early 20th century (Lorenz, 1890; Mie, 1908; Debye, 1909). A deep interpretation of this mixed electron–photon excitation was given only several years later in 1952, thanks to the beautiful work of Bohm and Pines (1952) that realized the importance of long-range interactions and collective electron effects, settling the theoretical basis in the framework of quantum many-body physics. The next important progress in the field came as a series of seminal works on surface plasmon polaritons in the 60–70 s led by Teng and Stern (1967), Otto (1968), and Kretschmann and Rather (1968), followed by the discovery of the surface-enhanced Raman scattering by Fleischmann et al. (1974).
[image: Figure 1]FIGURE 1 | Plasmonic nanoparticle artistic image.
Nowadays plasmonics has become a shining and mature field, boosted by the technological advances in nanofabrication, laser sources, and computational power, which have contributed to keep the discipline in a forefront position. It has made an indelible contribution to theoretical and experimental advances in photonics, condensed matter and chemistry, as well as providing a crucial bridge from fundamental science to applications.
This brings us to the grand challenges that this field is facing today. Plasmonics in the next years aims to control light at the nanoscale with precision and low losses. In order to do so, we need to push the localization of light to unprecedented limits while preserving its propagative nature. 2D natural hyperbolic materials and graphene present extremely promising candidates toward this goal. Success in this area will herald a plethora of new physics at the atomic and molecular scale. Simultaneously, for the development of nanophotonic circuits, we should aim to keep plasmon propagation robust, which will likely be achieved by advances topological plasmonics. In order to design such plasmonics circuits, important improvements in nanofabrication will need to be made. Finally, to keep up with these experimental advances we will need theoretical models in order to describe the nonlocal and nonlinear physics of such devices. In particular, we will need to care about the quantization of both matter and light at the same time. In combination, all of these exciting advances blaze an exciting path toward a deeper understanding of light–matter interactions.
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