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Raman

CARS is not Raman!

Frequency dependence of third-order non-linear
susceptibility around a Raman transition
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Spontaneous Raman emission intensity
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CARS intensity : Single peak
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CARS intensity : Double peak
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CARS intensity
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» Non-resonant and resonant signals interfere
» Difficult to analyze the spectrum
» Huge background => Poor SNR & sensitivity

» CARS intensity is not proportional to the concentration
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Heterodyne detection:
Detection of the desired signal by mixing it with a
“known” or “well-characterized” signal.
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Heterodyne coherent anti-Stokes Raman
scattering (CARS) imaging

Eric O. Potma,* Conor L. Evans, and X. Sunney Xie

Department of Chemistry and Chemical Biology, Harvard University, 12 Oxford Street, Cambridge,
Massachusetts 02138

Received August 2, 2005; revised September 8, 2005; accepted September 13, 2005
We have achieved rapid nonlinear vibrational imaging free of nonresonant background with hetergdyne co D ete Cto r
herent anti-Stokes Raman scattering (CARS) interferometric microscopy. This technique complgfely sepal
rates the real and imaginary responses of nonlinear susceptibility x* and yields a signal that is /inear in the
concentration of vibrational modes. We show that heterodyne CARS microscopy permits th¢ detection of

weak vibrational resonances that are otherwise overshadowed by the strong interference of thfe nonresonant
background. © 2006 Optical Society of America
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Interference between local oscillator and CARS signal

Results
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Interference between local oscillator and CARS signal

Results
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Glass | DMSO
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Amplitude
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DMSO-Glass Experiment
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Amplitude of oscillation
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» Raman versus CARS

» Non-resonant background and its role

» CARS intensity is not proportional to conc.
» CARS Heterodyne setup
» Experiments with DMSO + Glass
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