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We have performed a numerical investigation, based on the density matrix model, into the 
coherent anti-Stokes Raman scattering (CARS) emission process and identified a modified 
CARS configuration that leads to sub-diffraction-limited resolution. The process is based on the 
spatial manipulation of the coherence between the ground state and a vibrational state via a 
control state (|4〉) and a control laser that is resonant with the |1〉-|4〉 transition (see Fig. 1(a)).  
We will discuss a particular case, called saturation-CARS [1], where the non-radiative coupling 
between |2〉 and |4〉 is strong, so the control laser populates |2〉 and |4〉 equally and incoherently. 
This is a saturable process that results in the population equally distributing itself between |1〉, |2〉, 
and |4〉. As a result, there is no population difference between |1〉 and |2〉, preventing the build up 
of the coherence required for CARS emission (Fig. 1(b)).    

To obtain sub-diffraction-limited resolution images using saturation-CARS, one must illuminate 
the sample with a mid-infrared pulse from the control laser before the pump, Stokes and probe 
laser pulses are incident on the sample. The spatial profile of the control laser pulse must have a 
donut-mode spatial profile so that CARS emission is suppressed everywhere but the node. Our 
calculations, based on vibrational-population pumping experiments performed by Witte et al. [2] 
and signal-to-noise ratio considerations, show that a resolution of λ/(22NA) may be possible. 
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Fig. 1: (a) Level scheme for the calculations. (b) CARS emission intensity (filled circles) and vibrational 
coherence (open circles) as a function of the control laser intensity when |2〉-|4〉 transition rate is high. 
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