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Nano- and quantum materials with unique optical properties hold 
the potential for breakthroughs in a wide range of areas from 
ultrafast optoelectronics and on-chip components for quantum 
information science to improved bio-sensing. An exciting opportu-
nity to realize such new materials lies in controlling the local 
electromagnetic environment on the atomic- and molecular-scale 
(~1-10 nm), which enables extreme local field enhancements and 
drastically modified local density of states [1].
We use creative nanofabrication techniques at the interface 
between chemistry and physics to realize this new regime together 
with ultrafast optical techniques to probe the emerging phenome-
na. Here, I will provide an overview of our recent research where we 
sculpt the electromagnetic fields on the atomic scale to realize 
ultrafast single photon sources [2,3], high-speed thermal photode-
tectors with on-chip spectral filters [4] and metasurface-enhanced 
biosensors [5].
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