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Multi-dimensional degenerate four-wave-mixing spectroscopy using topological
transformation
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Spatiotemporal four-wave mixing (FWM) spectroscopy of semiconductor excitons was
developed by using (A) variably controlled Laguerre-Gaussian (LG) pulses, (B) orbital angular momentum
(OAM) resolved spectroscopy with high precision. The observed exciton OAM dynamics indicates that (1)
near perfect OAM transfer to the exciton center-of-mass motion is achieved using the LG pulses with
nonzero OAM, (2) imperfect conversion becomes significant when the excitation pulses include an OAM-free
component (3) an extremely long OAM decay was observed in the bulk sample, which implies a small spatial
variation of the exciton dephasing. Moreover, the topological charge dependence of the OAM dynamics
suggests a robustness of the exciton OAM. For the application of the topological transformation, a novel
spatially modulated optical feedback in a vertical-cavity surface-emitting laser was demonstrated for the
first time, where the results show high selectivity of the OAM in the transverse mode.
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