Electron quantum optics in quantum Hall edge channels
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Quantum effects have been studied on photon propagation in the context of quantum optics since the
second half of the last century. In particular, using single photon emitters, fundamental tests of quantum
mechanics were explored by manipulating single to few photons in Hanbury-Brown and Twiss and Hong Ou
Mandel [1] experiments.
In nanophysics, there is a growing interest to translate these concepts of quantum optics to electrons
propagating in nanostructures. In two-dimensional electron gases, electronic propagation can be guided
along the edge channels of the quantum Hall effect and quantum point contacts can be used as electronic
beam-splitters to implement electronic interferometers [2]. Single electron emitters have also been realized
such that single elementary electronic excitations can now be manipulated in the analog of pioneer quantum
optics experiments. However, these electron quantum optics experiments go beyond the mere reproduction
of optical setups using electron beams, as electrons, being interacting fermions, differ strongly from photons.
I will discuss in particular the electronic analog [3, 4] of the Hong-Ou-Mandel experiment (see Figure)
where two single electrons collide on a beam-splitter. Two-particle interferences between two
indistinguishable single electrons can then reveal the coherence properties of single electron states and probe
how they are affected by the Coulomb interaction along propagation [5, 6].
The interaction of an elementary excitation with neighboring conductors favors the emergence of
collective modes, which eventually leads to the destruction of the Landau quasiparticle. In particular at
filling factor 2, an electron injected into the outer edge channel and interacting with the inner one, tends to
fractionalize into separated pulses carrying a fraction of the electron charge. By studying both channels, I
analyze the propagation of the single electron and the generation of interaction-induced collective excitations
in the inner channel. These complementary pieces of information reveal the fractionalization process [7] in
the time domain and establish its relevance for the destruction of the quasiparticle, which degrades into the
collective modes.
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Sketch of electronic Hong-Ou-Mandel experiment: the two dimensional electron gas
is pictured in green, the metallic gates in gold and the edge channels by red dashed
lines

