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_ Detection of "Amaterasu particle”
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#9144x1020 eV = 244 exa-electron volts (EeV)
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or "New physics"
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¢ Limitation of nearby sources due to "GZK cutoff”
¢ Less deflections of Galactic/extragalactic magnetic fields

¢ Directionally correlations between UHECRs and nearby
inhomogeneous sources to identify their origins

¢ A next-generation "astronomy" using charged particles


https://www.annualreviews.org/content/journals/10.1146/annurev.aa.22.090184.002233
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¢ E =244 x 29 (stat.) +51,-76 (syst.) EeV

¢ Unexpectedly, come from the Local Void
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Telescope Array Collaboration, Science 382, 903 (2023)

No promising astronomical source candidates
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Possible source region [Unger and
Farrar, ApdL 962 L5 (2024)]

Magnetic monopole [Frampton,
Phys.Lett.B 855, 138777 (2024)]

Ultra-heavy composition like Te or Pt
[Zhang, Murase+, arXiv:2405.17409]

Binary neutron star merger [Farrar,
PRL 134, 081003 (2025)]

Bursting magnetar [Shimoda and
Wada, arXiv:2409.19915]

Relative time from earliest detector [us]
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¢ Charged-particle astronomy to clarify the origin and nature of the most
energetic particles in the universe

¢ Unprecedented effective area, 60,000 km2 and mass identification capabilities
¢ Begin operations after 2030s, One team in the world Energy, E (joule)
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dir. expo. [10° km? yr] per year

¢ Number of sites = 2, Trigger energy threshold: 10 EeV

¢ Energy resolution: 10%, mass resolution: In(A4) ~ 1,

arrival direction: 1 degree

¢ Under considerations about detector design and possible

installation sites

two 20,000 km? arrays, 6, = 80°, lat. = £30°

—60° —30° 0° +30° +60°
declination |deg]

layered water Cherenkov nested wat€r Cherenkov
detector etector

Figure 6: Detection concepts, using a layered (left) and a
nested (right) water Cherenkov detector with a radio antenna
on top.

Figure 7: A FAST telescope frame,
showing four PMTs at the focus of

a 1.6 m diameter segmented mir-
ror. The support structure 1s made
from aluminium profiles. The UV
band-pass filter can be seen attached
to the periphery of the camera box

[100, 101].

J.R. Horandel et al. PoS (ICRC 2021)
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Cosmic-ray observatories on ground

LHCT T. Fujii, PoS (ICRC2023) 032023)
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TA overpass on 9 October 2024
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Towering thunderstorms regularly roll over centra

Pierre Auger Collaboration
(2020) https://

agupubs.onlinelibrary.wiley.com/
doi/full/10.1029/2019EA000582

Elves Observation
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"Workshop for The Global Cosmic Ray
Observatory -- Challenging next-generation
multi-messenger astronomy with
interdisciplinary research", @Koshiba Hall,
Hongo Campus, University of Tokyo
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Large uncertainty of the cross section from the
giant dipole resonants for A < 60 nuclel

Multidisciplinary research among nuclear

physics, UHECR and CMB

A. Tamii, E. Kido et., Eur. Phys. J. A 59, 208 (2023)

E. Kido et al., Astropart.Phys. 152 (2023) 102866
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1st GCOS workshop 2021 online
https://agenda.astro.ru.nl/event/18/

2nd GCOS workshop 2022 Wuppertal
https://agenda.astro.ru.nl/event/21/

3rd GCOS workshop 2023 Brussels (June 10 - 11, 2023)
https://indico.iihe.ac.be/event/1729/

4th GCOS workshop 2025 (September 9 - 11, 2025)

Workshop for The Global Cosmic Ray Observatory -- Challenging next-
generation multi-messenger astronomy with interdisciplinary research

Koshiba hall, Hongo Campus, University of Tokyo


https://agenda.astro.ru.nl/event/18/
https://agenda.astro.ru.nl/event/21/
https://indico.iihe.ac.be/event/1729/

Global Cosmic Ray Observatory (GCOS) b

Fathers of Fluorescence: Oda, Suga, Chudakov and Greisen
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¢ Greisen, Chudakov, Oda, Suga — Wow, GCOS!
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Possible extension at Auger site, ~10000 km?2
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ldeas and Requirements for the Global
Figure 2: Illustration of a potential exten- Cosmic-Ray Observatory (GCOS)
sion of the Pierre Auger Observatory. https://arxiv.org/abs/2502.05657
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