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ABSTRACT 

Coherent effects has long been an intriguing subject that has been 

seeing many interesting discoveries and important applications. 

Molecular coherence in particular has enabled coherent Raman 

scattering process to be developed into many useful techniques in 

recent two decades. Femtosecond Adaptive Spectroscopic 

Technique for Coherent Anti-Stokes Raman Scattering (FAST-

CARS) has been a successful tool in detecting bacterial spores via 

their Raman signatures [1,2]. When applying this technique to a 

gas mixture [3], e.g., air as shown in Fig. 1,  CARS signal at the 

CO2 peak 1389 cm-1 has contributions from Oxygen O-branch 

signal, non-resonant four-wave-mixing (FWM), intensity 

fluctuation and detector noise. CO2 molecule has an electric 

transition dipole that couples the Raman-active symmetric 

streching mode and the infrared-active asymmetric streching mode 

(see Fig. 2). If we use an infrared laser to drive this transiton, a 

Rabi splitting can be induced in the CARS signal at 1389 cm-1. By 

modulating the driving field, we can embed modulation only to 

the CO2 signal, thus enabling us to use lock-in detection to 

enhance the detection sensitivity and pick up the CO2 signal from 

a swamp of background due to other molecules (e. g., O2). This 

method can be extended to more species of molecules and we call 

this technic FAST CARS II [4].  
_______________ 
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Fig. 2 CO2 has an asymmetric 

stretching mode vibrational level 

(denoted as |d⟩) which couples to the 

Raman active symmetric stretching 

mode vibrational level |b⟩; but O2 does 

not have such a level. 

Fig. 1 Typical FAST-CARS signal 

from air in 1000 cm-1-1700 cm-1 

range, back ground (BG) and noise 

from detection system limit the 

detection sensitivity. 

 


