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Fig. 1. Mode-matching efficiency as function of the input
power. Solid line: after the optimization; Dashed line: be-
fore the optimization.
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Fig. 2. Schematic of experimental setup.
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370 mW, respectively.
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Fig. 4. Conversion efficiency as a function of input power.
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Abstract

Second harmonic generation (SHG) is used to get continuous wave laser with a lot of applications, it is a
major way to provide pump power for generating nonclassical states, especially for squeezed states and
entanglement states. High-efficiency SHG resonant on atoms lines also provides laser sources for atomic
entanglement generation, light-atom interaction and high-speed quantum memory. For the frequency-doubling
process at 426 nm, the major challenge of increasing the conversion efficiency is the thermal effect caused by the
absorption in crystal. The degradation of mode-match efficiency induced by the severely thermal effect limits
the conversion efficiency of the second harmonic generator. Furthermore, the blue light induced infrared
absorption (BLIIRA) in the nonlinear crystal intensifies the thermal effect, it makes the conversion efficiency of
the frequency-doubling cavity and the stability of the output blue laser worse, and it is more serious at high
input power. Based on the theoretical analysis of thermal lens, we find that the thermal lens should not be
placed at the center of the crystal, the location of the equivalently thermals lens has a deviation from the center
of the crystal. Follow the theoretical analysis of thermal lens, we design a ring cavity with a 10 mm-long
periodically poled potassium titanyle phosphate (PPKTP) crystal to reduce the thermal lens effect induced
mode-mismatch. The location of nonlinear crystal is adjusted precisely to reduce the mode-mismatch caused by
the thermal lens under our theoretical analysis. Finally, we realized a high conversion efficiency blue laser at 426
nm with the conversion efficiency up to 83.1% with an output power of 428 mW after the adjustment of the
crystal location, corresponding to our theoretical analysis well. The measured beam quality factors (M? value) of
the generated blue laser are M?(z) = 1.05 and M?(y) = 1.02, respectively. The measured power stability of
Generated Blue laser in 15 mins is 1.25%. The output power of the SHG is strong enough to provide pump
power for the generation of the continuous variable squeezed vacuum state at 852 nm and the long-term
stability of the output blue laser is also measured to be fine. To the best of our knowledge, the conversion
efficiency is the highest-reported one at this wavelength. We believe that such high-performance frequency

doubling system is a fundamental building block for quantum information science based non-classical states.

Keywords: frequency doubling, cesium atom, periodically poled potassium titanyle phosphate, thermal lens
effect
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