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    Saturation of a transition is typically 
understood to be an equilibrium process that is 
achieved via competition between the resonant-
optical-pumping and the dephasing processes of 
the transition [1].  However, this is the case only 
for CW pumps or pulse durations that are longer 
than the dephasing time scales.  On the other 
hand, if the pulse duration is shorter than the 
Rabi period associated with the threshold peak 
intensity, the saturation dynamics become more 
complex.  For ultrashort-pulse driving, even 
though the system may be in the under-damped 
regime, steady-state saturation cannot be 
achieved until the intensity of the driving laser is 
increased to the extent that the Rabi period 
becomes shorter than the pulse duration [2]. In 
such highly under-damped systems where the 
decay timescales are much longer than both the 
Rabi period and the pulse duration, only non-
equilibrium saturation of the transition can be 
achieved.  
    From the pulse-area calculation, we obtain the 
threshold of saturation for a two-level system. It 
is found that the saturation criteria for absorption 
and emission differ by a factor of two.  This can 
be explained by the fact that the ultrafast 
absorption saturation (emission) occurs when the 
phase difference between the ground and excited states is π / 2 (π ) . Also, we extend the 
calculation to the four-wave-mixing scheme, in particular, to a coherent anti-Stokes Raman 
scattering (CARS) scheme. We show that a similar pulse-area calculation allows establishment of 
a criterion for the threshold of the intensity of the probe that will saturate the generation of the 
CARS signal.  We numerically study the saturation behaviors for different probe-pulse durations 
and plot them in Fig. 1.  Clearly, for a short probe pulse, the emission of the signal saturates once 
the pulse area becomes π .  
    These criteria for the saturation threshold can be useful in obtaining the design parameters for 
ultrafast spectroscopy experiments such as in electronic-resonance-enhanced (ERE)-CARS or 
saturation-spectroscopy experiments and also useful for ultrafast-switching applications. 
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Fig. 1: (a) Pump pulse and probe pulses under 
consideration, (b) peak of instantaneous CARS 
polarization, and (c) pulse areas associated with 
probe intensities plotted on x-axis. 
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