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Stimulated Raman Loss Spectroscopy 
: Collinear vs Non-collinear beam geometries

 Stimulated Raman Scattering (SRS) energy diagram

 Layout of the stimulated Raman spectrum measurement system Vibrational spectroscopy by Raman scattering process
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Pink lines represent Raman
active vibrational modes. Purple
lines stand for virtual levels.

Stimulated Raman interactions
between a white light probe
pulse (frequency components,
ωprobe) and an intense Raman
pump pulse (ωpump) cause
amplifications (stokes side) and
signal reductions (anti-Stokes
side) of the white light.
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 The fundamental pump beam is centered at 1030nm, after filter pair, the pump pulse is centered at 1024 nm
with a bandwidth of 12 cm–1. Because we can control the center of pump pulse by tilting angle of narrow
band-pass filters.

 A broadband Raman probe pulse (800–980 nm) providing the Anti-stokes field (the spectral window from 400
cm-1 to 1800 cm-1) with a 130 fs NOPA (Nonlinear Optical Parametric Oscillator).
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 Raman pump and Raman probe spectra

Raman pump 

after NBP filter

Δv (FWHM) = ~ 12 cm-1

= ~ 1 nm

 In the spontaneous Raman spectroscopy, a coherent pump beam at ωp is incident on 
a sample, and Stokes ωS or anti-Stokes ωAS photons are generated.

 The stimulated Raman scattering (SRS) is a four-wave interaction. The Stimulated 
Raman Scattering (SRS) represents one of the third-order nonlinear optical processes. 

Fundamental

Raman pump

Δv (FWHM) = ~ 156 cm-1

= ~ 12 nm

Probe spectrum Raman pump spectrum

Δv (FWHM) = ~ 507 cm-1

= ~ 39 nm
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 Spontaneous and Stimulated Raman spectra
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 SRS intensity ratio between 
spontaneous and stimulated 
Raman spectra
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 Different SRL spectra between Non-collinear and Collinear geometries

Pathlength : 1 mm Pathlength : 10 mm

 Concentration dependent SRS spectra Benzene and Toluene
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Benzene Toluene Cyclohexane Acetonitrile

Sample
Ratio (Collinear/

Non-collinear) Center λ

Area Height

Benzene 2.73 2.86 991

Toluene 2.69 2.78 1003

Cyclohexane 2.59 2.61 801

Acetonitrile 2.53 2.58 918

 Raman-pump energy dependence of SRS signal of 4 samples
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: Collinear geometry

: Non-collinear geometry

Raman Pump Energy (nJ)

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑜𝑜𝑜𝑜 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜𝑜𝑜

 Conclusion

 From the concentration dependence of mixture, we expect that SRS spectroscopy
method is possible to do quantitative experiment.

 The power dependence of various molecules exhibits the quantitatively expected
results in that it showed a linear intensity growth.

 However, at Raman pump powers above 400 nJ and 10 mm pathlength, the SRL
spectra changes dramatically. The results were inconclusive and difficult to
interpret because the SRL spectra includes unpredictable pump-induced
Optical Kerr Effect (OKE) or any other non-resonant contributions.

 The SRS intensity using collinear geometry is ~2.6 times greater than the SRL
intensity using non-collinear geometry. Therefore, we can recommend this
geometrical method for biological imaging.

Raman Pump Energy (nJ)

 The stimulated Raman spectra (upper) are well correlated with spontaneous Raman spectra (lower).

We represent SRS intensity ratio between spontaneous and stimulated Raman spectra.
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