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Abstract 

The dynamics of microcavity polaritons are often described by the exciton-photon Gross-

Pitaevskii equation [1], which implicitly assumes a coherent limit: an exciton population is 

represented by the square of an exciton polarization. Here, we present experimental 

measurements of pump-probe dynamics and we show that their modelling requires the 

explicit existence of both a short-lived coherent polarization and a long-lived incoherent 

population of excitons.  

In the experiment, the lower and upper-polariton resonance of an In0.04Ga0.96As single quantum 

well microcavity were excited with a high-intensity femtosecond pump pulse and probed with 

a weak pulse. In Fig. 1 (a), we present the asymmetric delay dependence of the transmitted 

probe spectrum structure with three resonance energies. While the middle peak disappears 

around 10 ps for the negative time delay (when the probe pulse arrives long before the pump), 

it remains for very long time (~100ps) at positive delays (the probe pulse arrives after the 

pump).  

The simulation based on exciton-photon Gross-Pitaevskii equations (Fig. 1 (c), is not able to 

reproduce the experimental results. However, the experimental observations can be explained 

using excitonic Bloch equations [2] in which the time evolution of a long-living incoherent 

exciton population is explicitly calculated. The simulated pump-probe spectrum (Fig. 1 (b)) 

shows very good agreement with the experimental one. Detailed understanding of the 

observed phenomenology will be explained within our excitonic Bloch equations. 

 

 
Figure 1. Measured (a) and simulated (b,c) probe transmitted spectrum as a function of pump-probe time delay. 

Simulation with (b) and without (c) excitation induced dephasing (EID). The pump is 7.4 • 1013 photon pulse−1 

cm−2. 
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