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“Global” neutrino spectrum:

* 3 energy scales
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One “standard” scenario for high-energy neutrino production: Photonuclear interactions
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One “standard” scenario for high-energy neutrino production: Photonuclear interactions
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— Neutrino energy ~5% of primary energy
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e.g., photo-pion production —

Co-signatures:

* Decay of neutral mesons — high-energy gamma rays

« Radiation of subsequent leptons =& gamma rays
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— |ntrinsic connections to gamma rays

High-energy neutrinos can probe internal hadronic mechanisms of cosmic-ray and high-energy sources
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* More statistic and new selection of events (ESTE — MESE)

 Hardening below ~30 TeV

— Best fitted by BPL at 4.7 ¢ or log parabola at 4.2 o

— Population or production effect?

 Composition:

* Pion beam and muon damp mechanisms — compatible (68% C.L.)

 However pion beam favoured over muon damp

* Neutron decay — excluded (94.8% C. L.)
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A diffuse flux from TeV to PeV

2025

* More statistic and new selection of events (ESTE — MESE)

 Hardening below ~30 TeV

— Best fitted by BPL at 4.7 ¢ or log parabola at 4.2 o

— Population or production effect?

 Composition:

* Pion beam and muon damp mechanisms — compatible (68% C.L.)

 However pion beam favoured over muon damp

* Neutron decay — excluded (94.8% C. L.)

The sources of the diffuse neutrino flux remain unknown

ICRC2025(983, 985, 1011, 1199 +Alexander KAPPES highlight talk)
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A transient source: TXS0506+056

lceCube coll. et al., Science 361, 146 (2018)



A transient source: TXS0506+056

2018

e Detection of a neutrino event Iin coincidence with a blazar flare

lceCube coll. et al., Science 361, 146 (2018)
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2018
e Detection of a neutrino event in coincidence with a blazar flare

* Exact detection is debated — significance closeto 3 o
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A transient source: TXS0506+056

2018
e Detection of a neutrino event in coincidence with a blazar flare

* Exact detection is debated — significance closeto 3 o

* First connection between neutrinos and AGNs

lceCube coll. et al., Science 361, 146 (2018)
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A transient source: TXS0506+056

2018

e Detection of a neutrino event Iin coincidence with a blazar flare

* Exact detection is debated — significance closeto 3 o
* First connection between neutrinos and AGNSs

« Gamma-ray flare — jet related neutrino production ?

lceCube coll. et al., Science 361, 146 (2018)
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A transient source: TXS0506+056

2018 log(Frequency [Hz])
3 10 12 14 16 18 20 22 24 26 28 30
 Detection of a neutrino event in coincidence with a blazar flare 5| - + | J
| i Mas ' —
 Exact detection is debated — significance close to 3 o | * 4 l
. . . —11 L T .
* First connection between neutrinos and AGNs = * | ;
~ i FUNNN,
« Gamma-ray flare — jet related neutrino production ? £ ’;s ] : |
1oy T i \ ‘;
LLl |
2
=
TIJ 10_13_— (] .
: .l E
. Archival * SARA/UA —— INTEGRAL (UL) —— VERITAS (UL) |
= m VLA s Swift UVOT 4  Fermi-LAT —— HAWC (UL)
u e OVRO B ASAS-SN AGILE — Neutrino - 0.5yr ]
10-14F u e Kanata/HONIR ¢  Swift XRT 4 MAGIC === Neutrino - 7.5yr |
v Kiso/KWFC o+ NuSTAR H.E.S.S. (UL) ]
0% 103 om0 105 10°  10° 102 = 10°
Energy [eV]

Wether or not the neutrino event is associated to the gamma-ray events
it has shown the importance of multi-messenger alerts

lceCube coll. et al., Science 361, 146 (2018)



A steady source: NGC1068

lceCube Coll., Science 378 (2022)



A steady source: NGC1068

2022 E
» Discovery of a neutrino excess in the direction of the AGN NGC1068 (M77) “ ”}“XS 05'06+05®6 NGC®1068
— First source with a significance > 3 o0 (4.2 0) 24h | | 12h ' ' 0
Right Ascension
1 3 5 7

— 10%10 (plocal)

lceCube Coll., Science 378 (2022) 0



A steady source: NGC1068

) « NGC 1068

i 7

3 = 1
2022 i 2 0

B S
» Discovery of a neutrino excess in the direction of the AGN NGC1068 (M77) 5 0506+056 NGC 1068

- i A N )
. . . . e —3 T T T T T T . '
— First source with a significance > 3 o (4.2 0) 24h % 45 40 45 5% 98
Right Ascension [deg]
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= 1Oglo (plocal)

lceCube Coll., Science 378 (2022) 0



A steady source: NGC1068

e NGC 1068
2022 E K
» Discovery of a neutrino excess in the direction of the AGN NGC1068 (M77) = - 0506+0566 NGC®1068
— First source with a significance > 3 o0 (4.2 0) 24h % 45 40 45 55 55 '
Right Ascension [deg]
* Neutrino flux larger than expected from gamma-ray fluxes (100MeV-100GeV) E—
— Suggests an opague environment around the source 1 3 D 7

_ 10%10 (plocal)
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A steady source: NGC1068

* NGC 1068
2022 E X
» Discovery of a neutrino excess in the direction of the AGN NGC1068 (M77) - - 0506+O5®6 NGC®1068
— First source with a significance > 3 ¢ (4.2 o) 24h |

43 42 41 40 39 38
Right Ascension |deg]

* Neutrino flux larger than expected from gamma-ray fluxes (100MeV-100GeV)

— Suggests an opaque environment around the source 1 3 5 7
T 1OgIO(plocal)
 What causes the opacity (BH, absorption, ...) is still unclear

lceCube Coll., Science 378 (2022) 0



A steady source: NGC1068

e NGC 1068
2022 E Rl
» Discovery of a neutrino excess in the direction of the AGN NGC1068 (M77) = - 05A06+O%6 NGC@IOGS
— First source with a significance > 3 ¢ (4.2 o) 2h o 4 40 39 3 '
Right Ascension [deg]
* Neutrino flux larger than expected from gamma-ray fluxes (100MeV-100GeV) — —
— Suggests an opague environment around the source 1 3 D 7
= loglo(plocal)
 What causes the opacity (BH, absorption, ...) is still unclear
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A steady source: NGC1068

2025

ICRC2025(1219 +Alexander KAPPES highlight talk)
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A steady source: NGC1068

2025

« Stacking analysis on Seyfert galaxy catalogs =+ ~3 0

ICRC2025(1219 +Alexander KAPPES highlight talk)
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A steady source: NGC1068

2025
« Stacking analysis on Seyfert galaxy catalogs =+ ~3 0

e X-ray bright Seyfert galaxies are among the most significant sources

ICRC2025(1219 +Alexander KAPPES highlight talk)
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A steady source: NGC1068

2025

« Stacking analysis on Seyfert galaxy catalogs =+ ~3 0

e X-ray bright Seyfert galaxies are among the most significant sources

e Hints of disk-corona interplay in neutrino emissions

— Xray emission from accretion disk and interaction of nuclei in

corona where gamma rays are absorbed
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A steady source: NGC1068

107>
— Circinus Galaxy 1o error
NGC 7582 - —=- Stacking sens (w/o Cen A)
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* Hints of disk-corona interplay in neutrino emissions O -
— Xray emission from accretion disk and interaction of nuclei in A
corona where gamma rays are absorbed ﬁ ;
10
\ TP
v fy 10_10 IceCube Preliminary
—7] o 103 104 10°

Py

X:7 V10

Neutrino energy [GeV]

Obscured AGNs seem to play a significant role in the origin of the diffuse HE neutrino flux

ICRC2025(1219 +Alexander KAPPES highlight talk)
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A “local” source: the Galactic plane

lceCube coll. Science 2023
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A “local” source: the Galactic plane

2023

* Identification of a neutrino contribution from the T—
Galactic Plane (~ 4.5 o)! e

Latitude [b]
o

15° T =" 4
Q W"' Galactic Coord. v
— " c
) A < ‘/..—q O r—
© 0 ~ 7 2 g E.
: h ¥ TN L3 s
S ~E__ ————————————————————— g ~ =)

-15° - (o

180° 120 -120° -180°
Galactic Longitude [/]

lceCube coll. Science 2023



A “local” source: the Galactic plane

2023

* Identification of a neutrino contribution from the T —
Galactic Plane (~ 4.5 o)! P 0 f e

 Southern sky drowned in atmospheric muons for L A

lceCube = new ML analysis required
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A “local” source: the Galactic plane

2023

e |dentification of a neutrino contribution from the
Galactic Plane (~ 4.5 0)!

* Southern sky drowned in atmospheric muons for
lceCube — new ML analysis required

* Neutrinos expected from Fermi and HESS observations

lceCube coll. Science 2023
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e |dentification of a neutrino contribution from the
Galactic Plane (~ 4.5 0)!

* Southern sky drowned in atmospheric muons for
lceCube — new ML analysis required

* Neutrinos expected from Fermi and HESS observations

 From gamma rays =0 are inferred — 7+ are extrapolated
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A “local” source: the Galactic plane

2023

e |dentification of a neutrino contribution from the
Galactic Plane (~ 4.5 0)!

* Southern sky drowned in atmospheric muons for
lceCube — new ML analysis required

* Neutrinos expected from Fermi and HESS observations

 From gamma rays =0 are inferred — 7+ are extrapolated

* Expected neutrino flux derived + instrumental effects
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A “local” source: the Galactic plane

2023

* Identification of a neutrino contribution from the s

Galactic Plane (~ 4.5 0)!

e Southern sky drowned in atmospheric muons for 1.
lceCube — new ML analysis required 15°

* Neutrinos expected from Fermi and HESS observations

 From gamma rays =0 are inferred — 7+ are extrapolated

* Expected neutrino flux derived + instrumental effects
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A “local” source: the Galactic plane
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A “local” source: the Galactic plane

+75°

+15°
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24h

Declination 6

e 2.5 yr more data

e Addition of muon tracks (starting events + up-going)
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— detection>50
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A “local” source: the Galactic plane
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e 2.5 yr more data
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A “local” source: the Galactic plane

KRA$ Model KRA$ Best-Fit v Flux
KRA‘;30 Model KRA§30 Best-Fit v Flux
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than predicted by the model
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A “local” source: the Galactic plane

KRA$ Model KRA$ Best-Fit v Flux
' KRA‘;30 Model KRA§30 Best-Fit v Flux
i - -+« 70 Model —— 70 Best-Fit v Flux

IceCube All-Sky v Flux (22)
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— detection>50
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Flux in inner Galaxy is 2x higher : \
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The best model remains Fermi =0 but the observed flux is still x5 higher E, [GeV]
than predicted by the model
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No individual source identified (yet?)
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An unexpected discovery: KM3-230213A

KM3NeT Coll. Nature 638, 376 (2025)
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An unexpected discovery: KM3-230213A
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e Qutstanding event : 28,086 PMT hits — clearest track ever

KM3NeT Coll. Nature 638, 376 (2025)
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An unexpected discovery: KM3-230213A

2023

e Qutstanding event : 28,086 PMT hits — clearest track ever

KM3NeT Coll. Nature 638, 376 (2025)
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An unexpected discovery: KM3-230213A

Muon energy
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An unexpected discovery: KM3-230213A

Muon energy
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An unexpected discovery: KM3-230213A

Muon energy
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An unexpected discovery: KM3-230213A

2024-2025

* From the astrophysical point of view — where is it from?
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Credit: NASA/DOE/Fermi LAT Collaboration.
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An unexpected discovery: KM3-230213A

2024-2025

* From the astrophysical point of view — where is it from?

* No counterparts (from radio to gamma
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An unexpected discovery: KM3-230213A

2024-2025
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* From the astrophysical point of view — where is it from? "

* No counterparts (from radio to gamma)
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An unexpected discovery: KM3-230213A

2024-2025

* From the astrophysical point of view — where is it from?

* No counterparts (from radio to gamma)

* No specific direction (a few blazar in the LOS
and a galactic molecular cloud)

e Can it be cosmogenic? maybe but difficult to
accommodate with UL from IC and Auger

KM3NeT coll. 2025, ICRC2025(1018 +Damien Dornic highlight ta
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Summary

Four neutrino contributions identified:
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Summary

Four neutrino contributions identified:

* Diffuse flux (TeV-PeV)

Declination 6
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Summary
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/:— Many significant contributions to neutrino physics:

Yy

0.2

erior probability densit

t
o

* Glashow resonance IC coll. Nature 591, (2021)

 Tau neutrinos

\ * QOscillations, ...
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What can we expect in the near future?

At high energy: combination of IceCube and KM3NeT data
e Diffuse flux: more resolved sources and better measurement of spectrum features

» Steady sources: stacking analysis of AGNs should reach the discovery level
e Galactic plane: what sources are hidden there ? = KM3NeT FoV!

* Transients: new multi-messenger events thanks to the fast development of alerts and follow-up networks
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