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AGNs in high-redshift space
JWST has discovered a new large population of Aigh-z AGNs

Harikane+ ApJ 2023
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AGNs in high-redshift space
JWST has discovered a new large population of Aigh-z AGNs

Harikane+ ApJ 2023
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AGNs in high-redshift space
JWST has discovered a new large population of Aigh-z AGNs

Umeda+ ApJ 2026
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Lt ., = 10%erg/s
The Hillas Condition

Iy 1/2
max ~ 8 x 1010 2 Gev
°p (1045erg/s) B ¢

' RDs (or AGNs in high-z space) may be emitting
orotons with ~ 1010 GeV (1019 eV).

Then the emitted protons inevitably collide with CMB!!
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Interaction length of pycus

z =0 (present Universe)

}lpy ~ SMpC at ECR ™~ 3 X 1011GeV
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Interaction length of pycus

z =0 (present Universe)

}lpy ~ SMpC at ECR ™~ 3 X 1011GeV
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Interaction length of pycus

ECR S 1010G6V

would result in substantial
cosmogenic v productions
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Cosmogenic Neutrino Flux from LRDs

Based on the JWST observations
- 5<z<10
ng = 107>Mpc~3

L Lp = 10%*%erg/s
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Cosmogenic Neutrino Flux from LRDs

 LRD p. = 1059 Mpe? Based on the JWST observations

LRD p. from ApJL 988, 22, 2025
—
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| RDs are cosmologically evolved?
WEN o

JWST LRDs (Kocevski+24)
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Cosmogenic Neutrino Flux from LRDs

Based on the JWST observations
- 5<z<10
ng = 107>Mpc~3
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Cosmogenic Neutrino Flux from LRDs

] — (R0 .- 10 Mpc— Based on the JWST observations
] LRD p: from ApJL 988, 22, 2025
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The 50 PeV bump

't is unlikely that any other scenario produces a 50 PeV bump.

Kimura+ Nature Comm. 2021 Why ﬂOt?

Model B (v) == =— = Model B (y) |
= = == Model C (v) Model C (y)

1. muons (and pions) are cooled by
synchrotron radiation in the B-field
that is needed to accelerate protons

10PeV bump (c.f. Yoshida & Murase PRD 2020)

log(E“®g) [GeV s~

2. No enough supply of long-wavelength
infrared (~0.1 eV) to produce
50 PeV neutrinos through proton collisions.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.083023

Take-away messages

Look for a b0 PeV bump in neutrino spectrum

The 50 PeV bump will infer UHRCR emissions
in the high-redshift universe

Shigeru Yoshida - IPA 2026 18



backup
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Cosmic Ray Luminosity Density
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Comparisons to analytical estimates

— LRD g =10-%? Mpc—3
LRD p: from Ap|L 988, 22, 2025
- Analytical model, g, = 10— Mpc—3
- Analytical model, g, from ApJL 988, 22, 2025
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  p 𝛾 →  Δ + → n  𝜋 +


   L bol 𝛾 ∼  10 45 erg / s


   n 0 ∼  10  − 5  Mpc  − 3


   L bol 𝛾 =  10 45 erg / s


   𝜀 p max ≃ 8 ×  10 10    (    L 𝛾   10 45 erg / s )  1 / 2  𝜉 B  1 / 2 GeV


   𝜆  p 𝛾 ∼ 5 Mpc


   𝜀 CR ∼ 3 ×  10 11 GeV


   𝜆  p 𝛾 ∼ 5 Mpc


   𝜀 CR ∼ 3 ×  10 11 GeV


   𝜆  p 𝛾 ∼ 30 kpc


   𝜀 CR ∼ 5 ×  10 10 GeV


   𝜆  p 𝛾 ∼ 5 kpc


   𝜀 CR ∼ 3 ×  10 10 GeV


   𝜀 CR ≲  10 10 GeV
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