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Fig. 1. Schematic diagram of Ar-Kr atomic energy levels and collision energy transfer, and the energy difference between

Ar(4s[3/2],) energy and Kr(5p[3/2],) energy is only 20 cm~'.
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Fig. 2. Discharge device and detection optical path diagram.
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Fig. 3. Spectral diagnosis results at 760.2 nm: (a) Emission spectra of discharge plasma with different Ar content in 100 mbar, 1%

Kr/Ar/He gas mixture; (b) variation of the peak value of 760.2 nm spectral line with Ar content at different pressure.
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Fig. 4. Diagnosis Results of 819.0 nm spectra: (a) Emission spectra of discharge plasma with different Ar content in 100 mbar, 1%

Kr/Ar/He gas mixture; (b) variation of the peak value of 819.0 nm spectral line with Ar content at different pressure.
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Fig. 5. Diagnostic results of 760.2 nm time-resolved spectra: (a) Original spectrogram of different argon content at 100 mbar, 1%

Kr; (b) time required for fluorescence signal intensity to drop to 0.1 mV.
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Fig. 6. (a) Original absorption signal under condition of
100 mbar, 1% Kr, 4% Ar; (b) Voigt fitting results.
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Fig. 7. (a) Effect of Ar content in 1% Kr/He mixture on Kr”
density at 100—200 mbar; (b) effect of different Ar content
in 100—200 mbar, 1% Kr/He mixture on the absorption
linewidth of Kr metastable energy level; (¢) comparison of
Kr" particle number density and absorption line width at
100 mbar, 1% Kr and 2% Kr content.
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Fig. 8. (a) Effect of different Ar content on Kr" Density in
1% Kr/He mixture at 300—600 mbar; (b) change in Kr”

density growth ratio under different air pressures.
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Abstract

High metastable density is one of the research hotspots of optically pumped rare gas laser (OPRGL).
Considering that the Ar metastable state energy level is only 20 cm~! different from the Kr excited state
5p[3/2]y, argon gas is added to the He/Kr discharge system. Owing to the long lifetime of the Ar metastable
state atoms, through the collision resonance energy transfer process of Ar(4s[3/2],)—Kr(5p[3/2]y), the purpose
of supplementing and increasing the metastable density of Kr (Kr") can be realized. In the case of obtaining the
same metastable density, the pressure of the discharge power source is reduced, and a new idea is provided for
further obtaining a high metastable density in a large discharge volume. In this work, the experimental analysis
is carried out from the perspectives of spectral diagnosis and measurement of metastable density by laser
absorption spectroscopy. The results show that the peak of radiative transition line of Kr high energy level
atoms participating in the collision to the metastable state energy level is significantly enhanced after adding
argon, and the tail signal of the transition line is extended within one discharge cycle. Under the gas conditions
of 100 mbar, 1% Kr and 12.5% Ar, the peak value of the spectral line can be enhanced by about 10 times, and
the tail signal of the transition line can be extended from 0.6 us to 14.25 ps. At the same time, the density of Kr
metastable energy level atoms is measured under different Ar content. Under the gas conditions of 100 mbar,
15% Ar and 1% Kr, the density of Kr" increases from 4.94x10'" cm=3 to 6.96x10'? cm~3. At low pressure, the
absorption linewidth of Kr metastable atoms narrows with the increase of Ar content. Under the gas condition
of 600 mbar and 1% Kr, when the content of Ar is increased to 5%, the peak density of Kr" increases from
4.69x 10" cm~? to 5.79x 10" ¢cm~3, i.e. the increment is 20%. Although the enhancement of metastable-atom-
generation at high pressure is not so significant as those at low pressure, an increasing trend can still be
observed. The results verify that the Kr metastable atoms generated in each discharge period can be

supplemented by Ar-Kr resonance energy transfer.

Keywords: optically pumped rare gas lasers, laser absorption spectroscopy, collision energy resonance

transfer, spectral Diagnostics
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