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            Abstract
When two metal nanostructures are placed nanometres apart, their optically driven free electrons couple electrically across the gap. The resulting plasmons have enhanced optical fields of a specific colour tightly confined inside the gap. Many emerging nanophotonic technologies depend on the careful control of this plasmonic coupling, including optical nanoantennas for high-sensitivity chemical and biological sensors1, nanoscale control of active devices2,3,4, and improved photovoltaic devices5. But for subnanometre gaps, coherent quantum tunnelling becomes possible and the system enters a regime of extreme non-locality in which previous classical treatments6,7,8,9,10,11,12,13,14 fail. Electron correlations across the gap that are driven by quantum tunnelling require a new description of non-local transport, which is crucial in nanoscale optoelectronics and single-molecule electronics. Here, by simultaneously measuring both the electrical and optical properties of two gold nanostructures with controllable subnanometre separation, we reveal the quantum regime of tunnelling plasmonics in unprecedented detail. All observed phenomena are in good agreement with recent quantum-based models of plasmonic systems15, which eliminate the singularities predicted by classical theories. These findings imply that tunnelling establishes a quantum limit for plasmonic field confinement of about 10−8λ3 for visible light (of wavelength λ). Our work thus prompts new theoretical and experimental investigations into quantum-domain plasmonic systems, and will affect the future of nanoplasmonic device engineering and nanoscale photochemistry.
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                    Figure 1: 
                        Formation and characterization of a nanoscale plasmonic cavity.
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Figure 2: 
                        Onset of quantum tunnelling in sub-nm plasmonic cavities.
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Figure 3: 
                        Evolution of the plasmonic modes through the quantum regime and the quantum limit of plasmonic confinement.
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        Editorial Summary
Subnanometre plasmonic interactions
Confining and enhancing light at nanometre length scales using plasmonic effects has become a widely used tool for applications including imaging, sensing, transformation optics and photovoltaics. To exploit plasmonics at even smaller, subnanometre length scales, it becomes essential to include quantum effects for a full description. Here, Jeremy Baumberg and colleagues. use two gold nanostructures with controllable subnanometre separation and carefully follow the evolution of the plasmonic modes. They can pinpoint at what distance quantum tunnelling sets in, and establish a quantum limit for plasmonic-field enhancement. The findings are relevant to future nanoplasmonic approaches and nanometer-scale photochemistry.
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