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Simulation of many-body interacting Exploring new kinds of
quantum systems light-matter quantum systems
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Demonstrations of quantum properties of SPPs

* Transmission entangled photons

Altewischer et al., Nature 2002 \

* Energy-time entanglement
Fasel et al., PRL 2005

* Quantum superposition
Fasel et al., New J. Phys 2006

* Wave-particle duality
Kolesov et al., Nature Phys. 2009

* On-chip single plasmon detection
Heeres et al., Nano Lett. 2010
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* Number state degree of freedom
Di Martino et al., Nano Lett. 2012
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Laser excitation
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Single-photon source excitation
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- Far-field detection
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photon wavepacket
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Dealing with loss in quantum plasmonics

b 1
Martin-Cano et al., PRB 84, 235306 (2011) .. | 1

- Dissipative-driven
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Future directions
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Quantum plasmonics

M. S. Tame'*, K. R. McEnery"?, S. K. Ozdemir?, J. Lee?, S. A. Maier'* and M. S. Kim?

Quantum plasmonics is a rapidly growing field of research that involves the study of the quantum properties of light and its
interaction with matter at the nanoscale. Here, surface plasmons—electromagnetic excitations coupled to electron charge
density waves on metal-dielectric interfaces or localized on metallic nanostructures—enable the confinement of light to scales
far below that of conventional optics. We review recent progress in the experimental and theoretical investigation of the
quantum properties of surface plasmons, their role in controlling light-matter interactions at the quantum level and potential
applications. Quantum plasmonics opens up a new frontier in the study of the fundamental physics of surface plasmons and
the realization of quantum-controlled devices, including single-photon sources, transistors and ultra-compact circuitry at the
nanoscale.

of light via the confinement of the electromagnetic field — addressed and new directions for the field.

Plasmonics provides a unique setting for the manipulation outlook on some of the important challenges that remain to be
to resions well helow the diffraction limit!?. This has

M. S. Tame et al., Nature Physics, June (2013)
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