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In our multiplex coherent anti-Stokes Raman scattering (CARS) configuration, i.e., broad-band 
femtosecond preparatory pulses and a time delayed narrow-band probe pulse [1], we reveal that breaking 
asymmetry of the top-hat-like probe spectrum results in an imaginary contribution of the probe field in the 
time domain at the node of its real part. Consequently, the probe field changes its phase by π when 
crossing the node, creating a temporal “Gouy phase” [2]. Since the four-wave-mixing (FWM) background 
is an instantaneous process [3] and directly related to the probe, its phase can be controlled by changing 
its temporal overlap with the pump and Stokes pulses. On the contrary, the resonant Raman signal is an 
accumulation process due to the vibrational coherence so it is insensitive to the probe delay [3].  

We also show that more asymmetry of probe spectrum produces stronger probe field at the node 
by comparing the experimental results from two different probe spectra. Therefore, we have the flexibility 
to control both the relative phase by adjusting the probe delay and the relative amplitude by choosing 
desired probe spectrum between the resonant Raman and FWM fields. As a result, we can extract the 
imaginary part of the third order resonant susceptibility (3)

Rχ  when the relative phase is / 2π  and the 
resonant signal can also be amplified by the background. The heterodyne effect is then achieved without a 
complicated interferometer [4]. 

 

 
Fig.1.  
(a) 4-f pulse shaper;  
a knife-edge can be placed in 
front of the focal plane to 
make the spectrum (more) 
asymmetric 
insets: resultant top-hat-like 
probe spectra. 
(b) Temporal shapes of the 
probe beam.  
(c) Experimental CARS 
spectra (rescaled) of the 
methanol aqueous solution 
with knife-edge at different 
delays whose positions are 
marked as the black dots in 
(b). 
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