Development of a high-resolution probing laser
suited for cold positronium spectroscopy
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Cooling positronium (Ps) to temperatures below 10 K leads to important research such as
precise measurements of energy intervals and realizing Bose-Einstein condensation. Laser
cooling and other cooling methods are on intense research to achieve this goal. On this
occasion, evaluating the temperature of cold Ps is an important task to be undertaken.
Obtaining the Doppler broadening by laser spectroscopy is one of the preferred strategies
since it allows high-resolution measurements regarding the laser technology of today.

To conduct efficient and high-resolution laser spectroscopy, the probing laser should have
the optimized linewidth and longitudinal mode interval, which would not be achieved by
commercially available lasers. Linewidth should be adjusted between the balance of high
resolution and quantity of Ps at resonance. Longitudinal mode interval should be comparable
to the natural width of Ps (50 MHz) to efficiently excite Ps inside the laser linewidth. We
have developed a frequency-tunable 243-nm pulsed laser satisfying the demanded frequency
structure mentioned above (Fig. 1). Further developments and spectroscopy experiments
using this laser are currently underway.
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Fig.1. Linewidth of the high-resolution probing laser at wavelength of 729 nm. The wavelength is
converted to 243 nm using the third harmonic generation for Ps temperature measurement. An 85-GHz
Doppler width, which corresponds to Ps of 10 K, will be probed efficiently using this laser.



