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Quantum Optical Manipulation of Single Indirect Excitons

Among the possible realisations of semiconductor excitons, spatially indirect excitons are very attractive since they
exhibit unique properties to explore quantum optical scenarios, notably in the context of quantum information science
and processing. Spatially indirect excitons are engineered by enforcing a spatial separation between their electron and
hole constituents. Thus, indirect excitons have a radiative lifetime that ranges from hundreds of nanoseconds to even
microseconds. At the same time, the indirect excitons magnetic levels have long relaxation and coherence times which
paves the way towards quantum logical operations in order to coherently control a single exciton spin-qubit.
Here, we propose an internship that aims at demonstrating artificial trapping potentials to confine single indirect
excitons. Such traps rely on the dipolar interaction between the large electric dipole of indirect excitons and a
spatially inhomogeneous electric field. More precisely, the Master student will study field-effect devices where a
coupled quantum well is embedded. On the surface of such device a nano-structured pattern of gate electrodes will
serve to control the spatial profile of the electric field applied perpendicular to the coupled quantum well. Thus,
electrons and holes have minimum energy states in each quantum well resulting in the formation of indirect excitons.
At the same time, the spatial profile of the excitons confinement is controlled by the surface electrode structure in this
“all-in-one” architecture.
The aim of the internship is to demonstrate that starting from a dilute exciton gas in a trap, exciton evaporation can be
demonstrated to enter the regime where a single exciton remains confined in the trap. For that purpose, the strength of
the confinement will be vary in-situ and dynamically using pulse sequencing techniques. More generally, experiments
will be realised in a fully operation laboratory that allows to optically study indirect excitons at temperatures as low as
300 mK with a He3/He4 cryostat.
Through this internship, the student will acquire the techniques to perform optical microscopy in a cryogenic
environment, as well as computational tools to simulate exciton traps and thus optimise their performances.
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