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Towards entangled pairs of free-electrons and photons

Dr. Ofer Kfir
Physical Institute, University of Gottingen,
Germany

Abstract

Photons play a unique role as carriers of quantum information. They are essentially the only
candidate on any scale: from linking neighboring qubits in quantum computers to a satellite-based
quantum-key distribution [1].

My talk considers a different fundamental particle as a carrier of quantized information — the free-
electron [2]. Although the electron mass renders energy and momentum exchanges between
electrons and photons inefficient in free space, | propose a roadmap for reaching strong coupling
between them by confining the photons to whispering-gallery-mode (WGM) microresonators. |
describe possible guantum entanglements between the two entities, explain how it could be
measured, and show experimentally the merits of WGM for controlling the electron state [3].

Aside from bringing free-electrons into the realm of quantum optics, the tight focusing of electron
beams may allow for versatile access to individual quantum systems at the nanoscale. More
generally, detailed control of electron-light interactions could enhance the capabilities of electron
microscopy, which is already at the forefront of scientific research of the nanoworld.
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