Precursor procurement, purification, and assay in Li2100MoO4 crystal synthesis for AMoRE-II   
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The AMoRE-II experiment searches for neutrinoless double beta decay (0νDBD) of ¹⁰⁰Mo using an array of 360 ultra-pure lithium molybdate (LMO) crystals operated as cryogenic calorimeters. Achieving the required sensitivity for rare-event searches such as 0νDBD critically depends on the production and qualification of detector materials with extremely low intrinsic radioactivity, as well as on the development of purification techniques that suppress radioactive backgrounds to unprecedented levels to extract a weak signal from this background.

The internal radiopurity of the AMoRE-II LMO crystals was set to be below 10 µBq/kg. A dedicated clean facility for the purification and recycling of materials used in crystal synthesis was established at the Center for Underground Physics (CUP) at IBS. To ensure the production of such a large number of crystals with uniform and ultra-high radiopurity, we carefully selected raw materials, Li2CO3 and Mo100O3 powder, purified them with in-house developed methods to reduce radioactive and other chemical impurities that may affect the optical properties of the crystals or disturb the crystal growth. Each purified powder before use and each grown crystal ingot was systematically tested with ICP-MS and HPGe at CUP.  

Various by-products, such as LMO melt residual after pulling out the crystal, cuts, remnants after shaping and polishing, containing enriched molybdenum, were produced during the mass production of the crystals. Those by-products were purified and recycled to produce the crystals. Now, AMoRE-II crystal production is almost complete, with 360 crystals produced from various raw materials (purified initial MoO3 and Li2CO3, MoO3 recovered from melt, by-products of chemical purification, cutting and polishing, etc.) and grown by two Zchochralski methods, conventional and low thermal gradient. 

In this report, we will summarize our material balance, which is essentially important for expensive enriched materials, and present the purity of grown crystals versus the material used or the crystallization technique.      
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