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Concepts of the Cosmic fluxes

cosmic bacl.(ground flux Point-source Flux = flux from a (resolved)
= sum from all (likely unresolved)

) astronomical object (including an extended source)
extraterrestrial sources from all-sky B 5
[flux] = /em? s str [flux] = /em? s
“luminosity”-or [energy flux] = GeV/cm? s str “energy flux” or [sed] = erg (or TeV) /cm? s
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[energy]/[area][time][solid angle]

The UHE Cosmic Background Radiations

The UHE Cosmic Ray Energy Flux

Ultra-high Energy Cosmic Radiation
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The UHE Cosmic Background Radiations

The UHE Cosmic Ray + Neutrino Energy Fluxes

Ultra-high Energy Cosmic Radiation
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The HE Cosmic Background Radiations

The UHE Cosmic Ray + Neutrino + y-ray Energy Fluxes

IceCube v ESTES (2023) +  Pierre Auger cosmic rays (2013) —4— IceCube v globalfit (2023)
IceCube v HESE (2020) #~ Fermi gamma-ray (2014) IceCube v Glashow (2021)

IceCube v EHE limit (2019)

isotropic y-ray high-energy ultra-high energy
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The Cosmic Photon Background Radiations
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Big Questions
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Production Mechanisms of the Cosmic Neutrinos

“On-source” v TeV - PeV
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Active galaxies Compact object mergers Gamma-ray bursts Core-collapse supernovae

 Transient and highly-variable astrophysical sources display high-

f energy non-thermal emission of potential hadronic origin.

* Most of them is driven by huge gravitational energy created by (massive) BH

* Under high-dense plasma/gas environment. Possibly optically really thick
Tidal disruption events

Shigeru Yoshida - KX F % 2023 11
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The UHE Cosmic Background Radiations
The UHE Cosmic Ray + Neutrino Energy Fluxes
+ (Examples of) the Model Predictions

Ultra-high Energy Cosmic Radiation
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(low luminosity) TDE py High Energy (10TeV-PeV) pp in clusters of galaxies
Biel, Boncioli, Lunaridini & Winter Fang & Murase
Sci. Rep 8, 10828 (2018) Nature Physics 14 196-198 (2018)

IceCube (HESE 6yr Prelim.) KASCADE - all
IceCube (v, 6yr) KASCADE - light
mm = allflavor Auger (E x 1.05)
TA+TALE (E x 0.91)
mm CR—all
== CR —medium/heavy
= CR - light

—4— IceCube, ICRC2017, HESE

= = other contr.
TDE v,

* CR ﬂux
Auger, ICRC2015, shift -20%
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https://doi.org/10.1038/s41567-017-0025-4
https://www.nature.com/articles/s41598-018-29022-4

The Point-source v emission
4.2c (post-trial) excess in TeV range with 9 years of data
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IceCube Collaboration
Science 378 538 (2022)
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https://doi.org/10.1126/science.abg3395

The Energy fluxes of multimessengers

BEICpublish&ENTWET—XTT —L%xd 5 ICECUBE
IceCube (this work) Electromagnetic observations (26)
Theoretical v model (52,55) -+ 0.1 to 100 GeV gamma-rays (40,41
Theoretical v model (53) > 200 GeV gamma-rays (42)

Seyfert |l
Galaxy NGC
1068

107" 10712 1079 107° 1073
Energy [GeV]

IceCube Collaboration
Science 378 538 (2022)
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https://doi.org/10.1126/science.abg3395

Probing the obscured vicinity of
supermassive black holes

WBEICpublish& N TWBT—XTTr—L%T 3

Seyfert |l

Galaxy NGC v

1068

Imaging by Event Horizon Telescope

Shigeru Yoshida - KX F % 2023 18
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» Science 361, eaat1378 (2018)
IceCube-170922A event —

* 2017/9/22 20:54:30.43 UTC
5th and the most cosmic neutrino signal like EHE alert
« automated alert was distributed to observers just 43 seconds later

Fermi Telescope
gamma-rays :

neutrinos | \ P
L A
LoSe

& Kanata telescope

...and many more telescope

Follow-up Observations of IceCube Alert 1IC170922

y-ray BIaZar TXS 0506+056 ' - % -~

Magic telescope

High Energy Neutrino Astronomy - Shigeru Yoshida “;“;:a;_:mm

4 © Observations without detection

20



VLBI observations

43 GHz by VLBA

Interesting inner jet structures

Indications of either

e deceleration
* spine-sheath strcture

a source seed photons
for py interactions

l

Neutrinos!

 ———

E.Ros+ A&A (2020)

70-140 pc from the VLBI core 21


https://doi.org/10.1051/0004-6361/201937206
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'

IcCECUBE

lceCube Realtime Alerts

version 2 now online!

. . _ purity of cosmic neutrinos
inheritance from the version 1

new addition!

Shigeru Yoshida - KX F % 2023 23



Credit : Marcos Santander @ Extremely-high energy (EHE) /\ Bronze

x High-energy starting event (HESE) . Gold
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NP, THEMAICHERZ D 7K Lo 0L
TR IEZESo> L LD, L L. BDELIIBE-TWHWET,

Z Zh oD REFRA T,

SWiIft XRT IC K B 7 4+ 0 —7 v 7DATel

Swift XRT observations of WISEA J145820.77+412101.9 / 0.3-10 keV flux of 1.72 (+1.14, -0.60) x 10*-13 erg cm”-2 s"-1.

IceCube 220624A flux D FFRIEZ7-L TUWL\ 5,

ATel #15482; P. A. Evans (U. Leicester) and J. A. Kennea (PSU)
on 29 Jun 2022; 07:33 UT
Credential Certification: Phil Evans (pae9@star.le.ac.uk)

Subjects: X-ray, Neutrinos, AGN, Blazar

Referred to by ATel #: 15493

Swift-XRT observed the blazar WISEA J145820.77+412101.9 for 4.9 ks, starting at 15;
UT on 2022 June 28. This blazar was posited by the Fermi team (GCN Circ. 32285 ATEL
#15478) to be the potential counterpart to a new gamma-ray source, Fermi J1452.0+4119,
itself a possible counterpart to the high energy neutrino lceCube 220624A (G2N Circ.

32260).

THINICT R oPEBICE R0

The Swift observations show an approximately constant count-rate of/8+/-2- x 10*-3 ct/sec.
A spectrum created from the 26 photons detected can be fitted witf a power-law with a
photon index of 3.0 (+1.8, -1.1) absorbed by a column NH = 1.0/+2.8, -1.0) x 1021

cm”-2; t e = f counts. This corresponds to
0.3-10 keV flux of 1.72 (+1.14, -0.60) x 1013 erg cm”-2 s”-1.

Shigeru Yoshida - KX F % 2023 31
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High Energy Neutrinos (2022) IceCube Collaboration (2022)

IceCube
(Bhattacharya et al.)
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x, source flavour ratio (. : 1 — x : 0)g

hermal Relic Abundance

1( )El 10 10 10 11 Rc((*‘}ii’,‘) atm. limit (90%)

10g,(on X Epy ) = 0
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The UHE Cosmic Background Radiations

The UHE Cosmic Ray + Neutrino Energy Fluxes

Ultra-high Energy Cosmic Radiation
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The UHE Cosmic Background Radiations
L, (2-10 keV) 5x10% erg/s (low luminosity GRB-like 7% 3% 5)
7 15 D Neutrino background radiations

Ultra-high Energy Cosmic Radiation
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