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Ultrafast nonlinear optical measurements provide direct information on coherent response of excitons. In four-wave mixing (FWM), complete set of the polarization field can be obtained by the phase measurements, which allows us to evaluate the accurate scattered processes between the elementary excitations. Here we report a demonstration of a time-resolved FWM (TRFWM) using a standard first-order correlation technique. In this type of measurement, the stability of phase correlation between the signal and the reference is important. We employ here a spatial interferometry that enables us to obtain a number of interferometric fringes (>50) at a time (Fig. (b)), resulting in a reduction of phase fluctuation effects. From two-dimensional Fourier transform (2DFT) of the spatial interferogram, we can see the correlation peak corresponding to a TRFWM signal. Plots of the correlation amplitude at various delays () and at various gate times (t) clearly demonstrate that the beat oscillation of time-integrated FWM in bulk GaN results from the quantum interference between two excitons.
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	Figure 1:  (a) A contour plot of spectrally-resolved FWM of the sample. The simultaneously excited two excitons (XA and XB) result in damped oscillations. (b) A typical CCD image of interferogram between FWM signal and gate pulse ( = t = 0 ps). (c) A series of 2DFT obtained at various gate times. Delay time  = 0 in each spectrum. (d) Plots of 2DFT amplitude of the peak (arrow in (c)) as functions of  and t indicating a TRFWM of the excitons in GaN. The result evidences a quantum interference between two excitons in GaN [1].
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