Exploring the nanoworld under the light of the nano-lamp
[bookmark: _GoBack]Structure, functions, dynamics, and interactions are the basic elements to systematically understand scientific phenomena in nature. For example, we can understand macroscale systems, such as the human systems from a broad point of view, with our naked eyes and microscale systems with a light (optical) microscope and spectroscopy. For the last hundred years there have been many scientific adventures in the microworld alongside with evolving microscopy techniques, yet the nanoworld is an unexplored field due to the limited spatial resolution of them. To achieve the desired nanometer imaging-resolution with multifunctional spectroscopic specificity, we develop scanning near-field microscopies with different optical modalities, such as elastic scattering, Raman scattering, IR absorption, photoluminescence (PL), and second-harmonic generation (SHG) from UV to mid-IR/THz regime in various interacting environments, e.g., ultra-high vacuum (UHV), cryogenic, and liquid. In this talk, I will briefly introduce the history of the development of near-field microscopy, from the ancient version to the current all-around apparatus in my lab. Further, I will demonstrate the selected observations in the nanoworld revealed by newly-developed near-field microscopies in the broad fields of materials physics, quantum physics, single-molecule chemistry, and molecular cell biology. Lastly, I will present a groundbreaking aspect of near-field microscopy, i.e., active control of nanoscale light-matter interactions, with several examples I achieved.
