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Van der Waals semiconductors feature excitons with exceptionally strong exciton-photon 

interactions. We discuss here the possibility to tune between incoherent and coherent regimes 

of exciton-photon interaction in monolayer transitional metal dichalcogenides (TMDs) using a 

simple mirror. Coherent interaction between excitons and free-space light field can be 

established, without a cavity, allowing direct observation of cooperative Lamb shift of the 

excitons [1] (Fig. 1), diminishing absorption in coherent limit, and perfect absorption under a 

robust critical coupling condition [2] (Fig. 2).  These results suggest new possibilities in sensing 

and precision measurements. 

 

 
Figure 1: Renormalization of exciton resonance, 

also known as cooperative Lamb shift, with 

varying vacuum energy density near the 

monolayer through a tunable mirror. 

 
Figure 2: Perfect absorption during the 

transition from coherent to incoherent 

limit of exciton-photon interactions.  

The dephasing rate is tuned by introducing 

exciton-exciton scattering with tunable 

laser power. 
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