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Abstract

Based on the finite-difference time-domain method (FDTD), a numerical model of pollutant-in-
duced laser damage under the irradiation of 355 nm, 1064 nm, and 355 nm & 1064 nm composite
wavelength lasers was established. The effects of micro-nano pollutants (Fe, Cu, Al203, Ce0z) on the
surface of fused quartz optical components on light field modulation and damage characteristics
under the three wavelength configurations were studied. The mechanisms of laser wavelength,
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pollutant type, particle size, and distribution on the peak value of light field modulation, peak posi-
tion, and the damage evolution law of components were analyzed. Studies on the single-particle sys-
tem show that under the same conditions, the light field modulation effect of the composite wave-
length is significantly stronger than that of the single wavelength, and the strongest modulation
point is concentrated on the surface of the optical component. The simulation results of the multi-
particle system indicate that the intensity of the modulation effect is related to the pollutant mate-
rial and distribution. The light field modulation intensity and temperature rise effect of metals are
stronger than those of metal oxides, and Fe exhibits the highest heat deposition efficiency under
specific sizes and particle distribution conditions. This study reveals the coupling mechanism be-
tween the dielectric properties of pollutants, spatial distribution, and laser parameters, and pro-
vides a theoretical basis and technical support for the optimization of pollution control strategies
and the design of anti-damage structures for fused quartz optical components in high-power laser
devices.
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Table 1. Refractive index (n) and extinction coefficient (k) parameters for various materials at different wavelengths
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CeO2 2 0.2 2.08 0
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Figure 1. Relationship between optical field peak intensity and single-particle contaminant size on optical component surfaces
under different wavelength structures: (a) 355 nm wavelength; (b) 1064 nm wavelength; (c) 355 nm & 1064 nm wavelengths
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Figure 2. Relationship between peak position of light field and size of single-particle contaminants on optical element surfaces
under different wavelength structures. (a) 355 nm wavelength; (b) 1064 nm wavelength; (c) 355 nm & 1064 nm wavelengths
2. REPRKEM TIAIEEME SAF THRAETMALTRIRT XK. (2)355nm 3K K; (b) 1064 nm 3FK; (o)
355 nm & 1064 nm i<

(a) (b) (c)
BFe WECu EFe WECu EFc WEECu
-Al O3 -CeO s 3.36 -A12O3 -CeO2 10] 10.1 -A1203 -Ce02
— a 8-
%, B E 7.6 113 8.0
=~ =~ 3.10 =
= z g 4
= <! 0.94. . 098 s
0.l 0.
S L 100 o g
T ‘g\;“x\ e 90 3
NCISS S o
R(nm) Rmm) Y5 o Z (nm x 10?) R(nm) o 0 Z(nm)

Figure 3. Relationship between optical field peak intensity and peak position at different wavelengths and the size of single-
particle contaminants on optical component surfaces. (a) 355 nm wavelength; (b) 1064 nm wavelength; (c) 355 nm & 1064
nm wavelengths
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Figure 4. The effect of spacing between multiple particles on the surface of optical elements on light field modulation
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Figure 5. Contaminant-induced optical field enhancement and temperature rise characteristics. (a) Electric field distribution
on the surface of the optical component; (b) Relationship between laser output power and the maximum temperature rise inside
the optical component
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