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Abstract

the transient effect of stimulated Raman scattering, the coupled wave equations of the interaction of the first anti-

In this study, based on the wave equation and material equation of a solid Raman medium and neglecting

Stokes beams, the pump, and first to third Stokes beams in extra-cavity pumped anti-Stokes lasers are obtained
using the plane wave approximation. Normalized parameters are introduced to normalize the equations. The effects
of the normalized Raman gain coefficient, normalized pump pulse width, and normalized wave mismatch on the
performances of extra-cavity pumped anti-Stokes lasers are analyzed by numerically solving the normalized coupled
wave equations. The experimental data are substituted into the coupled wave equations. The theoretical estimations
of the anti-Stokes optical conversion efficiencies are consistent with the reported data, which validate the correctness
of the theoretical model. By analyzing the theoretical calculation results, methods to improve the conversion
efficiency of extra-cavity pumped anti-Stokes lasers and associated methods of lasers design are proposed.
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Table 1 Parameters of the numerical calculations

Parameter Value
Raman shift frequency w,/cm™ 1000
Dissipative loss inside the resonator L 2X10°°
Spontaneous Raman loss rate S 4X10°°
Refractive index n 1.8
Reflectivity of the output mirror at the anti-Stokes light R, 0.01
Reflectivity of the back-cavity mirror at the anti-Stokes light R, 0.99
Transmission of the back-cavity mirror at the pump light T, 0.99
Reflectivity of the output mirror at the pump light R, 0.01 or 0.99
Reflectivity of the back-cavity mirror at the first Stokes light R, 0.99
Reflectivity of the cavity mirrors at the second and third Stokes lights Rz Ry \R13 \R23 1x10°"
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Table 2 Experimental parameters in Ref, [15]

Parameter Value Parameter Value
go/(ecmeGW ™) 8.5 R,, 0.044
wWwe /NS 10 R 0.050
l./mm 95 R, 0.045
A _,/mm?’ 4.52 R, 0.95
Ao /mm’ 4.91 R, 0.90
n 1.8 Ry, 0.98
w,/cm ! 925 R, 0.26
Ao /nm 1064 R 0.52
R, 0.074 R, 0.23
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Fig. 6 Theoretical conversion efficiency of all Raman

components versus the pumping pulse energy
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