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Spins in InAs quantum dots: qubits, sensors, and
photon sources
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InAs quantum dots (QDs) are known for their strong optical transitions that lead to a nearly ideal source
of single photons. Additional functionality comes from charging the QD with a single electron or hole spin
that acts as a stationary quantum bit. In this presentation, I will discuss how a spin in a QD or in a pair of
coupled QDs can be used for sensing mechanical motion and for generating tunable single photons. To sense
motion, QDs have been incorporated into mechanical resonators, which couple to the dots through strain.
When mechanical resonators are driven, the optical transitions of QDs shift significantly, and the spin states
shift as well [1]. In single QDs, the hole spin shows much stronger coupling to strain than electrons spins,
due to the stronger spin-orbit interaction. In coupled QDs, a pair of interacting electron spins can be made
highly sensitive to strain gradients that change the relative QD energies [2]. To generate photons, we make
use of the Raman spin-flip process, often enhancing the process by integrating the QDs into photonic crystal
cavities [3]. The Raman process has the advantage of generating photons with properties determined by the
drive laser and the spin properties. In this way, we are able to demonstrate spectral and temporal control over
single photon wavepackets [4], with very low two photon emission probability and high indistinguishability.
Finally, I will briefly discuss efforts that combine these topics, in which highly localized strain is used to tune
multiple QD photon emitters into resonance within nanophotonic waveguides [5].
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