Crossover between homogeneous and inhomogeneous spectral broadenings for excitons in disordered systems
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The dephasing of excitons arising from lattice disorder has been studied for many years. Since excitons travel in materials, disorder gives rise both to the homogeneous and inhomogeneous spectral broadenings.  In general, the two broadenings are not independent with each other, and can be understood in a unified manner as the non-Markovian relaxation.[1] However, the relationship between the two broadening mechanisms in disordered systems without crystal symmetry is still unclear, because the effect of disorder on excitons can be analyzed neither by the stochastic model nor by the microscopic thermal reservoir model. One of the authors investigated the optical transient four-wave mixing (OTFWM) for Frenkel excitons in binary mixed crystals, in order to clarify the role of disorder in exciton systems.[2]  It was found that the signal intensity changes its temporal profile with increasing the degree of disorder.  However, the results were limited only for restricted conditions, and it has still been unresolved how excitons behave under the static spatial disorder.  
[image: image1.wmf]  In the present paper, we investigate the crossover between the homogeneous and inhomogeneous spectral broadenings in weakly and strongly disordered systems. The method is based on the coherent potential approximation which is extended to include the nonlinear optical response. The signal intensity for OTFWM is expressed in terms of the two-particle Green function, and the vertex correction plays the essential role to analyze the crossover. An example of OTFWM signal intensity in the crossover region is shown in Fig. 1. We see that it has the broad signal associated with the homogeneous broadening and the echo-like oscillatory response associated with the inhomogeneous spectral broadening. The optical coherent transient response with three pulse excitation is also analyzed. 
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Fig.1. Temporal profile of signal intensity for OTFWM. The energy is scaled by the exciton band width. The energy difference between the two kinds of equally mixed atoms is 0.3, the exciton decay constant is 0.002, the spectral width of the excitation pulse is 0.1, and the mean photon energy of the excitation pulse measured from the averaged atomic transition energy is -0.78.








