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Quasiparticle lifetime in one-dimensional wires  

This experimental internship deals with a central question in the quantum many-body problem of 
electrons in a conductor:  how far can one treat quasiparticles as free non-interacting particles?

The subject will require the student to develop a deep understanding of quantum physics, and to learn 
and master different experimental techniques: microfabrication, low temperatures, low noise measurements. 

The experiments will be carried out on a two-dimensional electron gas placed in the Integer Quantum 
Hall regime by the application of a large perpendicular magnetic field. In this case, transport occurs as a ballistic 
beam-like motion of quasiparticles along one-dimensional chiral channels or “wires” at the edges of the sample, 
their number being set by the magnetic field. Microfabricated electrostatic gates are used to split and recombine 
these beams in very much the same manner as semi-transparent mirrors do it for photons. Analogously with the 
case of optical interferometers, interferences of electronic beams travelling from a source to a drain along two 
different paths are observed. The amplitude of the interference oscillations is governed by the length over which 
the quasiparticles keep their coherence, which in turn depends on the interactions with their environment. In 
recent experiments we have determined the coherence length along these edge wires using an electronic Mach-
Zehnder interferometer (MZI), and identified the decoherence processes [1,2,3].

How does the coherence length depend on the energy of the quasiparticle above the Fermi level? To 
answer this question we recently designed a MZI with a quantum dot acting as a monochromatic energy filter for 
the quasiparticles injected from the source. We discovered that quasiparticles injected at energies up to hundreds 
of µeV above the Fermi have a completely unexpected long coherence length [4]. We now plan to use a second 
filter at the output (the drain) or an unbalanced MZI (a MZI with two arms of different length) to perform a detailed 
spectroscopy of the relaxation across the interferometer. 

Keywords: Quantum interferences, Quantum Hall effect, High magnetic field, conductance measurements, low 
temperature physics.
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