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 Interest in stimulated Raman scattering processes are experiencing a strong resurgence, due largely to 

the demonstration of their utility as label-free and chemically-specific contrast agents in microscopy [1]. 

Picosecond laser pulses have the ideal bandwidth for optimal excitation of most vibrational resonaces, 

particularly in the fingerprint region. Typical nonlinear optical microscopy utilizes femtosecond lasers, due 

to high repetition rates and high pulse peak-intensities. Thus, there has been strong impetus for the 

development of femtosecond oscillator-based CARS microscopy for seamless integration into existing 

nonlinear microscopy platforms. The primary obstacle hindering such integration has primarily involved 

overcoming the large interaction bandwidth to provide sufficient spectral resolution to make spectro-

microscopy viable (and in doing so, improving the resonant-to-nonresonant signal ratio). In an effort to 

overcome such obstacles, various clever techniques and schemes have been demonstrated by spectroscopers 

[2], however many of these schemes are seemingly incompatible with laser scanning microscopy geometry 

or with the short pixle-dwell-times necessary for live cell imaging. 

Our approach to multimodal CARS microscopy utilizes a broadband supercontinuum Stokes pulse 

generated in a commercial microstructured fibre device, pumped at 800 nm by a single 60-fs Ti:Sapphire 

oscillator [3,4]. Improvements in spectral resolution and the subsequent reduction in nonresonant 

background signal are obtained by a simple implementation of spectral focusing [3,5] (chirp-matching 

between Stokes and pump beams) using a pair of high-dispersion glass blocks. This embarrassingly simple 

approach is sufficient to allow for the seamless and simultaneous integration of rapid spectral-scanning 

CARS microscopy with second-harmonic generation and two-photon-excitation-fluorescence imaging, with 

pixel dwell-times as short as 4 µs. 

In my talk, I detail the experimental foundation of our technique, describe recent advances we have 

made towards improving our CARS microscopy capabilities, and present biomedical and biomaterial 

research to which we have applied label-free multimodal microscopy. 
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Sample images from femtosecond-based CARS microscope: (a) Potato starch grains (red: 

CARS at 2870 cm
-1
; green: second-harmonic generation with vertically polarized light). (b) 

WHHLMI rabbit aorta section with atherosclerosis (green: endogenous TPA from elastin; blue: 

SHG from collagen; red: CARS at 2880 cm
-1
 from lipid deposits). (c) African violet pollen grain 

(Red: CARS at 2880 cm
-1
; green: endogenous TPEF). (d) CARS images of myelin sheath in rat 

dorsal nerve section. 

 
1. A. Zumbusch, G. R. Holtom, and X. S. Xie, Phys. Rev. Lett.  82, 4141-4145 (1999). 
2. C. L. Evans and X. Xie, Annu. Rev. Anal. Chem. 1, 883-909 (2008). 
3. S. Murugkar, C. Brideau, A. Ridsdale, M. Naji, P. K. Stys, and H. Anis, Opt. Express 15, 14028-14037 (2007). 

4. A. F. Pegoraro, A. Ridsdale, D. J. Moffatt, Y. Jia, J. P. Pezacki, and A. Stolow, Opt. Express 17, 2984–2996 (2009). 

5. T. Hellerer, A. M. K. Enejder, and A. Zumbusch, Appl. Phys. Lett. 85, 25 (2004). 

Speaker: Aaron Slepkov
Session: CARS
See program for placement.

PQE-2011 Abstract Processed 29 November 2010 0


