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Raman scattering microscopy is a powerful
technique for label-free imaging based on molecular
vibration in biological samples [1]. However, the
efficiency of spontaneous Raman scattering is low,
and the improvement of both sensitivity and spatial
resolution has been difficult. With the exploitation of
coherent Raman scattering, which produces a stronger
vibrational signal, the enhancements of spatial
resolution and contrast has been achieved in coherent
anti-Stokes Raman scattering (CARS) microscopy by
combining  with  saturated excitation (SAX)
microscopy [2]. SAX microscopy exploits the
nonlinear response caused by saturated excitation in
order to shrink the point-spread function (PSF) [3].

Stimulated Raman scattering (SRS) microscopy is
also a coherent Raman imaging technique. SRS arises
from the imaginary part of the third-order
susceptibility ¥®) of the sample. SRS microscopy has
a powerful potential for bio-imaging due to its high
sensitivity, high contrast and the reduction of non-
resonant background [4,5]. The saturation of SRS
signal is reported at higher excitation intensity [6] and
opens up the possibility to apply the SAX concept for
obtaining a resolution improvement also in SRS
microscopy, as previously demonstrated in CARS
microscopy.

Here, we theoretically show the spatial and spectral
resolution improvement in SRS microscopy using the
concept of SAX microscopy [7]. We performed the
calculation of the SRS signal intensity and PSFs when
a diamond sample is observed at various pump and
Stokes beam powers. By subtracting the unsaturated
PSF from the saturated PSF, we observed a reduction
in the effective size of the PSF (see Figure 1). We
confirmed the improvement of the spatial resolution in
the subtracted case with an improvement factor of
about 1.3 in both lateral and axial directions compared
with the conventional saturated condition.

We also performed some  experimental
measurements using PMMA beads and diamond
crystals to demonstrate the applicability of the
technique.

We theoretically and experimentally demonstrated
that saturation of stimulated-Raman scattering can be
effectively used for label-free imaging with higher
spatial resolution.

(a) Unsaturated SRS

(b) Saturated SRS

(c) Subtracted SRS

Figure 1. Calculated PSFs in SRS microscopy when a
diamond crystal was observed with fixed Stokes intensity
of 1x10"” mW/cm® and pump intensity of (a) 1x10°
mW/cm? (unsaturated condition) and (b) 1x10” mW/cm®
(saturated condition). In (c), the subtracted PSF
calculated from (a) and (b) is shown. The wavelengths of
pump and Stokes beam are 931.88nm and 1064nm in
order to match with the vibrational mode of diamond
crystals at 1332.5cm™. The illumination objective lens is
water immersion (n=1.333) with NA 1.2.
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