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Abstract 
Coherent Anti-Stokes Raman Scattering (CARS) 

microscopy is a label-free chemically selective imaging 

technique. Fundamentally, CARS uses two laser pulses 

to coherently probe a sample's Raman transition, 

creating a laser-like output with high chemical 

sensitivity and intensity. However, as with all optical 

microscopy techniques, the achievable resolution of 

CARS is limited by the diffraction properties of light. 

CARS also produces an undesirable electronic 

background signal, which is not chemically sensitive. 

Methods are discussed for improving resolution and 

chemical sensitivity of this system.   
 

1. Introduction 
Coherent Anti-Stokes Raman Scattering (CARS) 

microscopy uses two laser pulses, a pump   , and 

Stokes   , beam to produce a CARS photon of 

frequency             . The intensity of the 

CARS signal is greatly enhanced in the presence of 

Raman oscillators whose vibrational properties are 

resonant to the difference in energies of the beams. This 

allows samples to be probed at specific vibrational 

modes. However, CARS microscopy also generates a 

background signal through electronic transitions, so a 

pulse sequencing system has been implemented to 

extract the chemically sensitive component. 
 

2. System Layout 
The pump laser source consists of a tunable OPA, 

which is pumped by an 800 nm Ti: Sapphire laser. The 

OPA can be tuned from 400 nm up to 4 µm. The pump 

beam is split into three components. A portion of the 

beam, which serves as the probe pulse, is separated and 

recombined, with a tunable delay. The pump beam is 

again split, equally. The latter two paths are alternately 

chopped by a chopper wheel, with one of the paths 

passing through a vortex phase plate. All three paths are 

then recombined together with the Stokes beam. 
 

3. Current Work 
The current project objective is to explore the 

background rejection capability of the microscope. The 

level of background rejection, whilst maintaining 

CARS signal intensity depends on the relative 

electronic (background) and vibrational (chemical) 

signal dynamics. The relative delay of the pump and 

probe beams will determine the degree of electronic 

signal rejection. The optimal delay necessary can vary 

depending on the sample from femtoseconds
[1]

 in 

biological samples to several picoseconds
[2]

 in liquids. 

Since the pump and probe beams are the same 

wavelength, CARS signal can also be generated from 

the pump beam alone, it will be necessary to chop the 

beams at different frequencies and extract the desired 

frequency component using a lock-in amplifier. 

Fig 1a) Schematic diagram of the microscope. The Stokes, probe and 

two pump beams are indicated. Shown on the right are the energy 

diagrams for the three primary mechanisms of CARS generation; b) 
resonant CARS is produced through interaction with Raman 

oscillators in the sample, c) and d) are the non-resonant mechanisms 

which constitute the background signal, produced from interaction 
with virtual energy states and two photon absorption  into the 

electronic excited state respectively. 
 

4. Future work 
Once background rejection scheme has been 

successfully implemented, work will proceed on 

achieving resolution enhancement by alternately 

probing the sample with Hermite Gaussian and 

Laguerre Gaussian beam profiles, similar to that 

outlined in Gasecka et al
[3]

. A CARS microscope with 

both techniques in place would allow for imaging of 

very small features with a high degree of chemical 

sensitivity.  
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