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The optical spectra of semiconductors display narrow resonances below the absorption edge, which are attributed
to excitons, i.e. pairs of electrons and holes bound by the Coulomb interaction. Here, we perform coherent nonlinear
spectroscopy of excitons in epitaxially grown CdTe-based quantum wells. By performing heterodyne four-wave mixing
(FWM) microscopy [1], we find that exciton absorption is dominated by homogeneous broadening in areas exceeding
a few hundred square microns. The FWM photon-echo sequence reveals virtually no traces of inhomogeneous
broadening, indicating that excitons experience weak localisation due to the microscopic potential fluctuations. Under
such conditions, excitons generated by a resonant excitation can acquire a large momentum via scattering with acoustic
phonons, permitting them to propagate in-plane of the quantum well. After reaching mesoscopic distances within
the 10-micron range, they eventually relax back into the radiative cone and recombine. In these novel experiments,
we take advantage of the microscopic configuration of the FWM to investigate the propagation of exciton density
and coherence. This is achieved by introducing spatial separation between the pumps, inducing excitonic coherence
or density, respectively, and the probe that converts them into FWM, as presented in Figure 1. Extra care is taken
to distinguish between FWM originating from propagative excitons (i.e. those travelling between the pumps and
the probe) and the FWM signal created directly by scattered light impinging onto the probe. This proof-of-principle
experiment demonstrates that heterodyne FWM can be used to infer the propagative effects of excitons in semiconductor
nanostructures, paving the way towards non-local, coherent optical control of solid-state qubits in photonic circuits.

Figure 1: a) A geometry of the spatially-resolved FWM experiment: FWM generated at the probe position E3, is
detected via heterodyne spectral interference with the reference. b) Signatures of the propagative exciton coherence in
"time-of-flight" configuration: with increasing the pump-probe separation the FWM distribution shifts toward longer
delays 𝜏12. c) Signatures of exciton diffusion: the maximum of the FWM distribution shifts towards longer delays 𝜏23.
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