Selective Suppression of Stimulated Raman Scattering
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< Three-beam double SRS (Stimulated Raman Scattering) < Suppression of stimulated Raman gain signal in benzene
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= \We used the fundamental output at 1031 nm of a high-power OPA for a stimulating Stokes beam
for the C-H stretch mode of benzene. With the depletion beam energy increasing from 0 to 250
nJ, we measured SR gain spectra of the ring breathing mode of benzene. The SRG intensity of
the ring breathing mode is strongly suppressed by the competing SRS process of C-H stretch
Induced by the pair of pump and depletion beams.

= Here, we performed SRS experiments using three different laser pulses to selectively
suppress one SRS process by the other SRS process for improving the spatial resolution of
Raman microscopy.

<« Theoretical derivation 10 Suppression efficiency
1.028
Three-color double SRS processes 0.8 Al (z,1,(0)=0)—Al (z,1,(0))
1.024 n=—"- P~
BLE g | £y () AV AL 0) - Y A1, (2) (1) ML) AT - AlL(2.1,0)=0)
Z haC ho,C ha,C § 1.020 04 n ( 1 ¥ +1 )
dal, @) _ g [ 4% (0)- MV (2)- MV A (2) |(1,(0)+Al,(2) 1.016 | =1 (1+X)+gln(xeé(l+X) +1j>
iz | hec hoc ho,c ¢ (I /(@) 02 \ )
1.012 00 (& =Gyn, (0)z, x=n,(0)/n_ (0))
Weak Stokes and strong depletion beams
J dep = If the Intensity of depletion beam is increased, the Stokes Raman
1,(0) > 1,(0) > 1,(0) X gain becomes coupled with Raman gain of the depletion beam.
4AL(2) v v _ Using approximate rate equations, we found the analytical
ds :GSIS(O)[:p 1,(0) - . Ald(z)] —£&=0.031 (pump energy = 5 nJ) solution for the Stokes gain signal Al..
. DL ho,C ——&=0.017 (pump energy = 3 nJ)

= To estimate how strongly the SRG of ring breathing mode is
suppressed, we calculated the suppression efficiency n using our
experimental result. We numerically calculated the value by using
known coefficients and compare that with the value obtained by
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beam for selective suppression of the target SRS signal in the periphery of the focal spot of the pump
and Stokes beams. The theoretical resolution iIs as below.

S The maximum suppression G
Stokes I efficiency of target SR gain signal
= in our experimental condition

using benzene is ~58%.

= \We are planning to implement our scheme to microscopy using various samples containing benzene
ring such as polystyrene beads. The same vibrational modes used in the spectroscopic study of
benzene can also be used as detection (992cm-1) and depletion (3056cm-1) modes.
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