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We succeed development of an optical element with high diffraction
efficiency of 96% by spatially modulating the refractive index in neutral gas. This optical element
is composed of oxygen and ozone at atmospheric pressure. The laser damage strength is more than 1.7
kJ/cm2 for 6ns pulse. It is several hundred times of conventional solid element. The key of this
element is how to create the density fluctuation. We clarify this process and there are the
resonance absorption by ozone and the recombination process that follows it, and the localized
temperature fluctuation as an initial condition, the entropy wave Was generated efficiently. In
addition, temporal nonlinear development of this wave is observed. After several clean cycle
oscillations, the dumping occurs suddenly.
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In this research, it is mainly to demonstrate the development and application of new

optical elements for high energy flux lasers by utilizing efficient ultraviolet absorption of
ozone molecules. It has been known that a large density wave can be generated in a neutral
gas containing ozone, but the diffraction efficiency of the diffraction grating using it was still
low, and the fluctuation of the diffract efficiency is not acceptable level. In addition, the
generation mechanism of this density wave in mixed gas has a large uncertain. To develop
practical diffractive optical elements having high efficiency, high stability, and high damage
threshold, it has to be clarified with the fundamental physical process and it has to be
demonstrated that diffraction efficiency higher than 90%.

In this study, we have developed multicolor probe lasers system to measure the spatial
density profile of 0zone and oxygen molecules with high temporal resolution. We have also
developed fluid dynamics models to clarify the generation mechanism of this density waves

in the ozone mixed gas, In addition, we improves the coherence of the writing laser for



generation of density wave and the surface precision of the optical element in the writing

laser interferometer for generating periodic structure. Finally, we have succeeded in making

>90% diffraction optical system with small variation of diffraction efficiency(10% or less). The

maximum diffraction efficiency reached 96%. It was also revealed that the remaining

undiffracted light wave is consisted with the noise light in the original diffracted light. From

these, it can be experimentally verified that this high energy flux optical element can be used

in the final stage of laser processing and ablation system using an actual laser system or

high intensity laser.
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