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Neutrino telescopes: science

MeV to PeV energies
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Supernova Atmos neutrinos Dark matter Cosmic neutrinos
Solar flares v oscillations :
der Monopoles, Cosmic rays
V. mass ordering Nuclearites, ...
Sterile, NS, ... Origin and production

mechanism of HE CR

ARES KM3NeT-ARCA >

+ oceanography, biology, bioacoustics, seismology,...




Neutrinos: cosmic messengers

Neutrinos: neutral, stable, weakly interacting
not absorbed by background light/CMB ®access to cosmological distances
not absorbed by matter Oaccess to dense environments
not deviated by magnetic fields Oastronomy over full energy range
‘Smoking gun’ signature for hadronic processes

Correlated in time/direction with electromagnetic and gravitational waves

New window of observation on the Universe



Very large volume neutrino telescopes
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https://icecube.wisc.edu/
https://www.km3net.org/
https://antares.in2p3.fr/
https://baikalgvd.jinr.ru/telescope/
https://baikalgvd.jinr.ru/telescope/
https://baikalgvd.jinr.ru/telescope/
https://baikalgvd.jinr.ru/telescope/
https://www.icecube-gen2.de/research/the_extreme_universe/index_eng.html
https://www.icecube-gen2.de/research/the_extreme_universe/index_eng.html
https://www.icecube-gen2.de/research/the_extreme_universe/index_eng.html
https://www.icecube-gen2.de/research/the_extreme_universe/index_eng.html
https://www.km3net.org/
https://www.pacific-neutrino.org/p-one
https://trident.sjtu.edu.cn/
http://hunt.ihep.ac.cn/
https://pos.sissa.it/444/1017/pdf

KM3NeT

Multi-site, deep-sea infrastructure

Single collaboration, single technology
Selected for ESFRI roadmap 2016

Cities and Sites of KM3NeT 62 institutes .
— o ~22.countries . Oscillation Research
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KM3NeT: ARCA and ORCA




115 strings
18 DOMs / string
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31 x3” PMTs

All data to shore: Gbit/s optical fibre
White Rabbit time synchronisation
LED flasher & acoustic piezo
Tiltmeter/compass

Low drag



Effective areas: KM3NeT vs ANTARES
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@ KM3NeT Detector Unit deployment
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Current Status: 46 DUs deployed

ORCA18
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d KM3NeT Event display

ORCA18 ARCA28




Event Topologies

CCv CC v+ all flavours NC CCv, Atmospheric muon

-+

=
Vx Vp 2T+ shower

Tracks @Ey>100 TeV Ang. res. below 0.1° - Energy res. ~ factor 2
Shower @Ey>100 TeV Ang. res. below 2° - Energy res. ~6% 13



Events per 2635 days

Measurements of the diffuse neutrino flux v,
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Baikal-GVD (2018-2021, Upward-going)
this study, best fit

IceCube HESE (7.5y, Full-sky)

Phys. Rev. D 104, 022002 (2021)

IceCube Inelasticity Study (5y, Full-sky)
Phys. Rev. D 99, 032004 (2019)

IceCube Cascades (6y, Full-sky)
Phys. Rev. Lett. 125, 121104 (2020)

IceCube Tracks (9.5y, Northern Hemisphere),
The Astrophysical Journal 928, 50 (2022)

ANTARES Cascades+Tracks (9y, Full-Sky)
PoS(ICRC2019) 891 (2020)
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Diffuse from Galactic Plane

ANTARES 2007-2020 data phys. Lett. B 841 (2023), p. 137951
20 excess in tracks and showers — hint for Galactic signal KM3NeT ICRC2023 PoS 1190
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21 track events observed -> 11.7+0.6 back. expected
13 shower events observed -> (11.2+0.9 back. expected 15


https://arxiv.org/abs/2309.05016
https://pos.sissa.it/444/1103/pdf
https://arxiv.org/abs/2309.05016
https://pos.sissa.it/444/1190/pdf
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@ KM3NeT expected sensitivities

Diffuse flux NGC1068

KM3NeT/ARCA KM3NeT/ARCA230 Preliminary
Significance Significance o
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Neutrino oscillations with atmospheric neutrinos

S Normal ordering Inverted ordering
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Ratio to No-Oscillations

£
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Oscillation results with ORCAG6

KM3NeT/ORCAG Preliminary, 433 kion-years
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KM3NeT/ORCAS6 Preliminary, 433 kton-years
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https://pos.sissa.it/444/996/pdf

( ’ ORCA115: neutrino mass ordering

NMO sensitivity [o]
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Tau appearance

KM3NeT/ORCAG preliminary, 433 kton-years
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Non Standard Interactions
(T ICRC2023 PoS 998

KM3NeT/ORCAG6 preliminary, 433 kton-yr
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Beyond Standard Model

Neutrino decay
ICRC2023 PoS 997

KM3NeT/ORCAG6 Preliminary, 433 kton-years
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https://pos.sissa.it/444/997/pdf
https://pos.sissa.it/444/998/pdf

“ New idea: Tagged neutrino beam to KM3NeT

* Neutrino Beam from Protvino to ORCA
e Baseline 2590 km

* First oscillation maximum 5.1 GeV

e Sensitivity to mass hierarchy and CPV
* Lol published:

A. V. Akindinov et al.,
“Letter of Interest for a Neutrino Beam from Protvino to KM3NeT/ORCA"

https://arxiv.org/abs/1902.06083
* Huge detector -> relax beam power
 New idea - v tagging at source:

M. Perrin-Terrin
https://arxiv.org/abs/2112.12848
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https://arxiv.org/abs/2112.12848
https://arxiv.org/abs/2112.12848
https://arxiv.org/abs/1902.06083

Summary

- First mﬁeﬂés“hrement of neutrm o o ameters
- First point source..hiwts A$~E-L~sfrgactm ternal alerts
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New collaborators very welcome
Come and join the adventure!
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Supernova monitoring in KM3NeT

SN MeV neutrinos => collective excess of multi-fold coincidences on all DOMs

Eur. Phys. J. C81 (2021) 445
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Dark matter-indirect detection

Sun Galactic Centre

Dark matter

particles @

Neutrines produced fram
decays of analhiation
products may be detected.
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Dark Matter

The Sun
ORCAG

KM3NeT/ORCAG Preliminary, 543 days

Galactic Centre
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https://pos.sissa.it/444/1377/pdf
https://pos.sissa.it/444/1406/pdf

KNTJNLT/OT{CA() preliminary, 433 kton-yr

Non-Standard Interactions

KM3NeT/ORCAS6 preliminary, 433 kton-yr
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ORCA115: sterile neutrinos

Am,,%> 0.1 eV? Am,,%2< 0.1 eV?
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Angular Resolutions

Better than 0.1° > 20 TeV

Better than 1° > 30 TeV

Better than 1° for tau track length > 22 m
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EVENT TYPE AND ANGULAR RESOLUTION

TRACK % CASCADE % T}”acks: very long path (Eu>1TeV several km)
Big lever arm
» Good angular resolution

ANTARES
KM3NET

ICECUBE

BAIKAL -
GVD

Cascades: small path (Ecasc >1TeV some tens
of meters)
* Modest angular resolution

*Resolution at 100 TeV
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EVENT TYPE AND ENERGY

Tracks: very long path (Eu>1TeV several km)

Neutrino interaction vertex far from the detector

* Modest energy resolution

Cascades: small path (Ecasc >1TeV some tens of
meters)

All the energy released inside the detector

» Good energy resolution
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Neutrinos from radio-loud blazars?

VLBI catalog: 3411 sources J0242+1101: radio-y-v association?
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\’ , ORCAG6: neutrino fit systematics uncertainties
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