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Coherent Raman Spectroscopy Using a Supercontinuum Light Source
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Ultrabroad supercontinuum is generated when ultrashort laser pulses are injected into a photonic crystal fiber

(PCF). Owing to the low threshold for the supercontinuum generation, the experimental setups have been

significantly simplified by PCFs. We have applied the PCF-based supercontinuum light source to develop unique

coherent Raman spectrometers. In the present paper, I would introduce two coherent anti-Stokes Raman scattering
(CARS) systems, namely femtosecond CARS spectroscopy and ultrabroadband multiplex CARS microspectroscopy,
both of which require only a single Ti:sapphire oscillator as a laser source. The former allows us to investigate

vibrational dynamics in real time, while the latter provides molecular specific multi-color images for biological

samples with high speed. In particular, we have successfully visualized the mitosis process of living fission yeast

cells at the molecular level.
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Figure 1. (a) Cross section of a photonic crystal fiber. This is obtained by
Crystal Fibre A/S and NKT Research (http://www.crystal-fibre.com/); (b)
Far-field beam pattern of supercontinuum.
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Figure 2. (a) Energy diagram for coherent anti-Stokes Raman
scattering (CARS) process; (b) Time ordering of the pump, Stokes, and
probe pulses. Gradation in the Stokes (w,) pulse indicates temporal
chirp; (c) Energy diagram for the nonresonant background.
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Figure 3. Experimental setup for fs-CARS spectroscopy; BS: beam
splitter; filterl: long-pass filter; filter2: short-pass filter; PMT:

photomultiplier tube.
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Figure 4. Two-dimensional intensity plot of fs-CARS signal. The
sample is cyclohexane containing in a 1-mm thick cell. Delayl and
Delay 2 correspond to T, and 1, respectively.
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Figure 5. (a) Delay-time dependence of the fs-CARS signal of
cyclohexane (red) and fitted result (blue); (b) Difference of the
experimental and fitted results shown in (a); (c¢) Fourier-power
spectrum of the oscillating component in the positive delay time in (b);

(d) Spontaneous Raman spectrum of cyclohexane.
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Figure 6. Energy diagram for a multiplex CARS process. A
narrow-band pump (red) and broad-band Stokes (gray) laser pulses
drive multiple vibrational coherences simultaneously. The vibrational
coherences are probed by the pump pulse, giving rise to a multiplex
CARS signal (orange).
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Figure 7. Experimental setup for multiplex CARS microspectroscopy.
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Figure 8. (a) CARS spectrum of a pollen grain of flowering cherry;
CARS image of a pollen grain at the C-C (b), C=C (c), and C-H (d)
stretching vibrational modes.
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Figure 9. CARS imaging of living yeast cells at the C-H stretching
vibrational mode. The time course is from upper-left to lower-right.
Exposure time at each spatial point is 50 ms. All the images consist of
61x61 pixels, and are measured in 3.8 min per one image.
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