
Coherent anti-Stokes Raman scattering (CARS) optimized by exploiting 
optical interference  

 
X. Wang, A. Zhang, M. Zhi, A. V. Sokolov, G. R. Welch, and M. O. Scully 
Institute for Quantum Studies and Departments of Physics, Texas A&M University, 

College Station, TX 77843 

We study interference between a local oscillator and coherent anti-Stokes Raman scattering (CARS) 
signal fields by controlling their relative phase and amplitude. This control allows direct observation of 
the real and imaginary components of the third-order nonlinear susceptibility ( (3)χ ). In addition, this 
heterodyne method can be used to amplify the CARS signal.  

We present here a simple and effective CARS interferometric scheme [1] reminiscent of previous 
heterodyne schemes [2], where the relative phase of the signal and local oscillator fields is adjusted to 
achieve constructive interference with either the real (in-phase) or imaginary (out of phase) part of the 
sample’s response. We use broad-band femtosecond preparatory pulses and a narrow-band probe pulse to 
coherently excite multiple Raman lines simultaneously[3] so as to readily obtain spectra resembling 
spontaneous Raman spectra over a sufficiently broad vibrational band, through the extraction of Im( (3)χ ).  

We find that (3)χ  from water, which contributes a broadband background in the CARS signal 
due to a broad Raman band of water[4], has a substantial (60%) resonant (90 degrees out of phase) 
component; this finding may have important implications to heterodyne CARS microscopy of biological 
species that have water as a major constituent. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. (a) Experimental interferometric spectra of aqueous methanol solution at different phases f between the LO 
and signal arms. Dependence of the spectra at fixed frequencies (dashed lines in (a)) on f  (b) at resonant Raman 
shifts of methanol 1025.6,1042.6, and 1059.6 cm−1, with offset 0.3,0.15 and 0, respectively (c) at nonresonant 
Raman shifts 900.6 cm−1 and 1200.8 cm−1. Dots are experimental data and solid curves are sine fittings. 
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