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Practical Considerations for Laser Refrigeration of Solids

Anton RAYNER, Norman HECKENBERG and Halina RUBINSZTEIN-DUNLOP

Physics Department, The University of Queensland

Although laser refrigeration of ytterbium-doped fibre was first demonstrated a number of years ago, many practical issues in designing a cryocooler based on this phenomenon have yet to be considered in detail. We will discuss experiments addressing some of these issues, including a direct comparison between two laser sources: a tuneable titanium:sapphire laser, and a 2W diode laser at the appropriate wavelength. Although poorer beam quality makes coupling of the diode laser radiation into the fibre more difficult, these results show that a compact all-solid-state laser refrigerator may be a possibility.

With both lasers, temperature was measured by changes in the fluorescence spectrum, and by bringing a microthermocouple into contact with the fibre surface.  The two techniques are in qualitative agreement, and a heat flow model can be used to explain discrepancies in the quantitative values obtained. 

Among the other issues which need to be considered in cryocooler design, some of the most important are the geometry for cooling, removing the cooling fluorescence, and the choice of materials.   Results of experimental investigations into the dependence of cooling on fibre length and the effect of fluorescence on the temperature of the microthermocouple will be presented, as well as an attempt to laser cool ytterbium-doped crystals of lithium niobate.

