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A theory of FDFWM in homogeneously broadened two-level absorbers is presented for
arbitrary-intensity input beams. An analytical solution of FDFWM is derived by assuming no pump
beam depletion, strong pumps and weak probe. The shape of the analytical solution of FDFWM is
different to that of PC-DFWM derived by Abrams and Lindm, but it becomes equivalent to that of
PC-DFWM in case of low absorption or large detuning. Also, the validity of applying the
PC-DFWM theory to FDFWM experiments is discussed.

For arbitrary beam intensities and absorption parameters, signal intensity is obtained by numerically
solving the coupled equation of complex amplitudes. The results of the numerical calculation and the
analytical solution of FDFWM are compared for various probe to pump beam intensity ratio. Even when
the probe beam is smaller than the pump beam by an order of two, there are notable differences between
the numerical calculation and the analytical solution, owing to the probe beam saturation effects on the
signal generation. The validity of using the analytical solution of FDFWM to the practical experimental
conditions is also discussed. In Fig.l, the numerically calculated spectral lineshape is shown. In the
strong absorption case, a dip appears on the top of the lineshape owing to two different mechanisms;
absorption and saturation. Furthermore, the linewidth is also found to show two kinds of behavior. When
the absorption is dominant, the linewidth grows smaller with the increase in the input intensity, but
when the saturation is dominant, usual power broadening is restored.

The effects of laser pulse shape on forward degenerate four-wave mixing in two-level saturable
absorbers have been demonstrated and discussed. First, the signal temporal shape is calculated assuming
the coherence decay time is small compared to the pulse duration. By varying the ratio of pulse duration of
the Gaussian input beam( 7) to the population relaxation time( T), the effects of the pulse temporal width
to the FDFWM signal generation are shown and discussed. From this comparison, it is found that if z/ T}
is larger than 10, then assuming steady-state gives fast and accurate results. Second, in the limit of
> T, Ty the differences in signal behavior from the various pulse shapes are theoretically calculated and

discussed. For all conditions, the signal intensity and the lineshape from the square pulse input shows
stronger saturation than the other pulse shapes. The difference is enormous when the input beams have
very high intensity. It is found that the existence and the distribution of the weak intensity part of the
pulse has an important role in the signal intensity and lineshape, especially with the saturating input
intensities. These results are explained to be caused by the different intensity distribution in the time
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domain. In the case of a Gaussian laser input, the weak intensity part of the pulse can generate signal
effectively even for strong peak intensities. However, in case of a square pulse there is no such weak
intensity part, so that the generated signal shows strong signal decrease with increasing intensity at very
high intensities. The different relative portions of the weak and strong intensity parts for the Gaussian and
Q-switched pulses also make differences in the signal intensities and lineshapes.

When the shape of input pulse is taken into account for the calculation of the FDFWM signal,
the calculated lineshape is in very good agreement with the experimental data® as shown in Fig. 2..
This result shows the remarkable success of the simple theoretical extension of steady-state
calculations to the pulsed laser experiments.
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Fig. 1. FDFWM lineshapes for various pump Fig. 2. Comparison between the experimental

beam intensities. I3=0.01/,, data? and two kinds of calculations with the
two different shapes of pulse input for the
05(2) line of NO. The collisional width and
Doppler width was 0.025cm™ and 0O.lcm’,
respectively.
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