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Fig. 1. (color online) Morphology of damage site: (a)
Before and (b) after mitigation; (c) morphology pro-
file across the center of the mitigation pit measured

by Stylus profilometry.
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Fig. 2. (color online) (a) 3D morphology model of mit-
igated site; (b) modeled morphology profile compared
with factual mitigated site.
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Fig. 3. (color online) Schematic of light propagation

model for mitigation pit.
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Fig. 4. (color online) (a) Light intensity distribution in z-z plane; (b) modulation as a function of distance;

(c) intensity distribution of maximum ring caustic intensification FP; (d) intensity distribution of maximum

on-axis hot-spot intensification SP.
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Fig. 5. (color online) (a) Maximum ring caustic intensification FP as a function of depth H and FWHM Ry; (b)

distribution of the maximum ring caustic intensification FP as a function of H and Rp; (¢) maximum on-axis hot-spot

intensification SP as a function of H and Rp; (d) distribution of the maximum on-axis hot-spot intensification SP as a

function of H and Ry,
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Fig. 6. (color online) (a) Maximum ring caustic intensification FP as a function of rim heighth and location r; (b)

distribution of the maximum ring caustic intensification FP as a function of h and 7; (c) maximum on-axis hot-spot

intensification SP as a function of h and r; (d) distribution of the maximum on-axis hot-spot intensification SP as a

function of A and 7.
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Fig. 7. Downstream modulation change with the dis-

tance increase, when the depth H is different.
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Table 1. Parameters of mitigation morphology for different damage sites.

» ) PSR
W5 1455 5 R /um

H/pm Ro/mm h/nm r/mm

A 230 5.2353 0.35800 263.85 0.53110

B 244 5.1652 0.21665 213.35 0.40383

C 160 2.5992 0.18078 200.01 0.36584

R2 AFEMEEROCIIEGIINELR SR AR

Table 2. The comparing between measurement result and calculation result.

.- FP 14 FP 73 i E /m SP {4 SP 4 #if & /m
(0 /AT B (D& /AT 5 (D& /AT B (O AT B
A 7.3/7.8 0.031/0.033 7.3/6.2 1.83/1.13
>8.3/9.4 <0.015/0.022 6.9/4.6 1.79/0.99
C 6.5/6.0 0.023/0.036 5.8/4.2 1.64/1.32
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Fig. 10. (color online) Measurement of downstream

modulation for different mitigation sites: (a) Site A,

(b) site B, (c) site C.
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Abstract

For high-power UV laser facilities, one of the key problems limiting the maximum light influence and safe routine
operation is that the UV laser induces damage to fused silica optics. The most effective mitigation protocol of the
damaged optics is the CO3 laser processing that leads to make locally melt or evaporate the damage. While the mitigated
damage sites possess particular morphology, which may modulate the passing laser beam and induce the downstream
intensification that will ruin the neighbor optics. In this work, the morphology features of the mitigated damage pits
of fused silica optics are systematically investigated. According to the measured morphology features, a 3D grid model
of mitigated pit is built, and the downstream light intensity distribution of the mitigated pit model under incident
351 nm laser is studied by scalar diffraction theory and fast fourier transform (FFT) methods. Results indicate that
there are two kinds of downstream intensification: off-axis and on-axis intensifications. In the former intensification, the
maximum intensity is located near the output surface of the optics and comes mainly from the depth of the mitigated
pit; it increases with the depth. In the alter intensification, the maximum intensity is located far from the output
surface of the optics and is mainly dependent on the height of the rim structure at the fringe of the mitigated damage
pit; so it increase with increasing height. In addition, it is found that the location of the maximum off-axis or on-axis
intensity can approach the output surface of the optics with increasing maximum intensity. For comparison, experimental
measurements of downstream intensification induced by the mitigated pits are carried out, and the experimental results
are almost consistent with the numerical simulation, implying the validity of the numerical simulation of the mitigated
pit model. Results of this research indicate that the downstream intensification of mitigated pits can be suppressed by
controlling the morphology features of mitigated pits. this is significant for the development and improvement of the

mitigated techniques of damage optics.

Keywords: fused silica, CO5 laser mitigation, modulation, scalar diffraction theory
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