High-beam quality sealed-off laser systems oscillating in middle infrared spectral range on strontium atomic transitions for application in material science and medicine 
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Laser application in various fields in science and technology, including medicine and human health, is one of the leading problems in laser physics. The ultimate aim of laser ablation is to efficiently remove a defined amount of material with the least amount of collateral damage and smear layer. By means of a free electron laser (FEL) with variable wavelength in the middle infrared (MIR) spectral region between 3 and 20 (m, it has been found that the laser radiation at 6.45 (m is the most effective tool for soft tissue and bone ablation with minimal thermal damage and smear layer [1, 2]. Application of FEL in clinical systems for precise laser ablation of soft tissue and bones is inhibited by its size, cost, and considerable overheads. Further use of 6.45-µm radiation in medicine requires the development of an alternative laser source delivering 6.45-(m radiation with output parameters capable of soft tissue and bone ablation and having much greater clinical relevance. Multiwatt high-beam-quality strontium (Sr) atom laser with Sr, strontium dibromide (SrBr2) and strontium dichloride (SrCl2) vapour oscillating at 6.45-(m laser line could be successfully applied instead of FEL. The use of strontium halide instead of metal strontium is imposed by the high chemical activity of strontium, resulting in reduction in the laser tube lifetime. Nevertheless, investigation on Sr atom laser with Sr vapour continues, because of the higher energy laser characteristics in comparison with the obtained ones at the use of SrBr2 and SrCl2 [3-5]. 
Various types of Master Oscillator – Powerful Amplifier (MOPA) laser systems are developed and investigated, using sealed-off laser tubes with different inserts, confining the active zone (BeO and Al2O3), and thermal insulation (Al2O3 powder and AL2O3:ZrO2 fibrous insulation). Active zone sizes (inner diameter and length) and thermal insulation thickness are also varied. Laser oscillation with superior high-beam-quality (near diffraction limit) is obtained at two Sr+ and several Sr atom lines in the MIR spectral range with different levels of average output power, which is maintained constant for hundreds of hours in a sealed-off regime.
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