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Abstract text: Strong light–matter interactions can provide opportunities for the development of novel optoelectronic devices and quantum technologies, such as inversionless optical gain, laser cooling, and optical quantum information processing. Transition metal dichalcogenides (TMDs) have emerged as a new platform for studying strong light–matter interactions due to their excitonic properties. Recently, we have observed exciton quantum interference behaviors in both monolayer [1] and bilayer [2] TMDs, and found that these mainly originate from a three-level excitonic system near the momentum-space K point in the material [3]. By constructing monolayer or bilayer WSe₂ transistor devices, we can effectively regulate this three-level excitonic system [4], thereby controlling exciton quantum interference behavior [5]. We developed time-resolved sum-frequency generation (SFG) and four-wave mixing (FWM) spectroscopy to probe the dynamics of exciton quantum interference in monolayer WSe₂ [6]. Through two-photon resonant pumping, high-energy excitons are populated, which then trigger a four-wave mixing radiation process via a non-resonant pulse. At the exciton resonance, the intensity of the nonlinear spectrum as a function of the time delay between the two pulses can help to understand Rabi oscillations during the exciton quantum interference process, providing insights into the dynamics of coherent excitons. This time-resolved nonlinear spectroscopic approach offers a new method for investigating condensed matter chemical systems.
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