Development of an Upgraded NaI(Tl) Crystal Encapsulation for the COSINE-100U Experiment: Maximizing Light Yield for Low-Mass Dark Matter Searches
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The COSINE-100 experiment was designed to test the DAMA/LIBRA annual modulation claim using low-background NaI(Tl) detectors[1]. For the COSINE-100U upgrade, we have developed an advanced crystal encapsulation to enhance sensitivity to low-mass dark matter by significantly improving light collection efficiency and detector stability[2].
The upgraded design eliminates quartz optical windows, reducing optical interfaces by directly coupling photomultiplier tubes (PMTs) to the crystal surfaces using thin silicone optical pads[3]. For larger crystals, we introduced beveled crystal edges to efficiently guide scintillation light to 3-inch high-quantum efficiency PMTs. This configuration achieves a substantial performance gain, increasing the light yield by approximately 35–50% compared to the original COSINE-100 setup, with values exceeding 20 PE/keV at room temperature[2].
COSINE-100U has been operated at room temperature for an initial three-month period before transitioning to a cooled environment at -30°C. At this lower operating temperature, we observe a further increase in the intrinsic light yield, significantly lowering detector energy threshold[4]. Dedicated validation studies demonstrate that the encapsulation remains mechanically robust and optically stable during long-term operation in liquid scintillator at these temperatures[5].
 In this talk, we present the encapsulation design details, the expected performance gains from the temperature transition, and the successful recovery of previously excluded crystals for high-sensitivity physics analysis at the new Yemilab facility.

1. COSINE-100 Collaboration, Model-independent search for annual modulation in COSINE-100, Phys. Rev. Lett. 123, 031302 (2019).
2 D. Lee et al., Upgrading the COSINE-100 experiment for enhanced sensitivity to low-mass dark matter detection, Commun. Phys. 8, 135 (2025).
3 NEON Collaboration, Upgrade of the NaI(Tl) crystal encapsulation for the NEON experiment, JINST 19, P10020 (2022).
4 K. Park et al., Validation of the COSINE-100U NaI(Tl) encapsulation for low-temperature operation in liquid scintillator, arXiv:2601.12819.
5 S.H. Lee et al., Study on NaI(Tl) crystal at −35°C for dark matter detection, Astroparticle Physics 141 102709 (2022).


