Q)]
2016 2020

Development of the new optical sensors for exploration of deep Universe with the
next generation neutrino telescopes
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Cosmic neutrinos bring us with more direct information from the high energy
Universe. Furthermore, it allowed us to realize the multi-messenger observation with conventional
telescopes using e.g., visible light and gamma rays. The IceCube detector measured distributions of
the high energy cosmic neutrino fluxes for the first time. However, the low statistics of the
high-energy neutrinos limit its capability. To overcome the situation, we have developed a new
optical sensor module that can significantly enhance the efficiency of high-energy neutrino
detection. We also have performed several searches for extremely-high energy cosmic neutrinos. These
analyses have placed the world®s best limit on neutrino flux at energies above 10 PeV placing
important constraints on ultra-high energy cosmic ray origins. Moreover, observations of a flaring
blazar in coincidence with IceCube real-time alert made the neutrino and multimessenger astronomy a
reality.
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"Development of the front-end electronics for the new optical module “ D-Egg” for
IceCube-Gen2", R. Nagai, JPS Conf. Proc. 27, 011012 (2019), Proceedings of the 5th
International Workshop on New Photon-Detectors.

" D-Egg: new optical sensors for the IceCube Upgrade and Gen2 ", A. Ishihara, J. Phys.:
Conf. Ser. 1468 012166, Proceedings of the 16th International Conference on Topics in
Astroparticle and Underground Physics (TAUP 2019).
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Table 1. Effective area of optical modules.”
Name Effective area (320nm)  Effective area (400nm)  Cherenkov-averaged sensitivity
[em?] [em?] [Ratio to IceCube DOM]
IceCube DOM 1.3 32 1
D-Egg 31 77 2.8
* An efficiency due to the threshold of 0.25 PE is included in the detection efficiency of PMTs.
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“ Constraints on Ultra-High-Energy Cosmic-Ray Sources from a Search for Neutrinos Above

10 PeV with IceCube” , Physical Review Letters 117, 241101 (2016).

“ Differential Limit on the Extremely-High-Energy Cosmic Neutrino Flux in the Presence
of Astrophysical Background from Nine Years of IceCube Data” , Physical Review, D98,

062003 (2018).
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“The IceCube realtime alert system” , Astroparticle Physics, 92, 3 0-41 (2017).
“ Multimessenger observations of a flaring blazar coincident with high-energy neutrino
IceCube-170922A" , Science 361, eaatl378 (2018).
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: IceCube Collaboration: Detection of a Particle Shower at the Glashow Resonance

with lceCube, Nature 591, 220-224 (2021)
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