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Fig. 1. Raman scattering energy levels in pump and probe channels: (a) SSRS in pump channel; (b) CARS in probe channel;

(¢) SSRS in probe channel.
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%ﬁ%ﬁ,ﬁ;ﬁj“ﬁ%kﬂﬂ~%%%§i$ N %‘ﬂ;ﬁ‘@ﬂ/‘] Fig. 6. (a) 1,, (b) m5 and (c) my, versus G for different 7,0,
NN with [AK] = 0 and W, = 0.2.
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FIad, I 1. BE G B8 KA TR % Fig. 7. rop and 7 versus G with [AK| = 0 and W, = 0.2.
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Fig. 8. Temporal profiles of the pump, probe, first Stokes,
second Stokes, and anti-Stokes pulses with |[AK |= 0 and
W, = 0.2: (a) 1, = 0.270, G = 60; (b) 1,y = 0.373, G =
1105 (c) ropy = 0.414, G = 160.
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Fig. 9. Gopy and 7ypay Versus 7o, with [AK| = 0 and W, =
0.2.
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Table 1.  Parameters in Ref. [12].
28 {H 2R fH
Va/Vy 1.06 A,/em? 2.83 x 104
Vig/Vp 0.94 Iy/cm 3.9
Vas/ Yy 0.88 g/(cm-GW) 13
w,/ps 20 Ak 0
# 2 AR RO e i (B3R i BsE
5L BER X L4
Table 2.  Comparisons of theoretical and experi-

mental results of anti-Stokes conversion efficiency

under different conditions.

hizhkel gRE Sy g
fltm/ud Rt /pd probe (@ /% {H/%
30 25 206 0.45 2.80 2.54
30 2 118 0.063 1.88 1.86
26 12 140 0.32 3.50 4.13
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H—AR I Py (r, 7) FonA

PE (r,7) = V2exp <T2)

S S
X exp ( Wp/2m> exp (igp). (11)
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3 EHNEAUR SO S AR A B (H
Table 3.  Theoretical values of anti-Stokes conversion
efficiency for Gaussian approximation.
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30 2 1.91
26 12 4.09
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Abstract

Ultra-short pulse (picosecond) anti-Stokes laser can be obtained by using Raman frequency converter in a
crystal medium by the coherent anti-Stokes Raman scattering effect. The crystalline Raman frequency converter
based on the pump-probe method can realize the collinear interaction of coherent anti-Stokes Raman scattering,
thus effectively improving the conversion efficiency of the anti-Stokes light. Theoretical simulation is an
important means to study laser operation. Coupled wave equation is widely used to study the characteristics of
Raman laser and anti-Stokes laser. Although the coupling wave theory of anti-Stokes Raman frequency shifter
reported previously can reflect the operation law of the frequency shifter, the optimization of the frequency
shifter and the influence of the frequency shifter parameters on the output characteristics of anti-Stokes laser
have not been reported so far. In this paper, the picosecond anti-Stokes Raman frequency converter based on
the pump-probe method is studied theoretically. Considering the generation of the first Stokes light in the probe
channel and the second Stokes light in the pump channel, the coupled wave equation of the collinear picosecond
anti-Stokes Raman frequency converter is established under the plane wave approximation. Without loss of
generality, four dimensionless comprehensive parameters are introduced to normalize the equations. A set of
universal theoretical curves describing the operation of the Raman frequency converter is obtained. The
numerical solutions of the equations show that the performance of the Raman frequency converter mainly
depends on three parameters: the normalized phase mismatch parameter AK, the normalized Raman gain
coefficient G, and the energy ratio of the probe light to the fundamental light 7. The reasonable values of
normalized variables are determined when the high efficiency anti-Stokes conversion is realized. Experimental
data are used to verify the correctness of the theoretical model. The theoretical value of the anti-Stokes
conversion efficiency is basically consistent with the literature data. The normalized coupled wave theory
proposed in this paper is helpful in understanding the operation law of the picosecond anti-Stokes Raman

frequency shifter, and has guiding significance for the design of the frequency converter.

Keywords: coherent anti-Stokes scattering, collinear four-wave mixing, coupled wave equation, normalization

theory
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