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Neutrino telescopes: science

MeV to PeV energies
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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 ®astronomy 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



Multi-site, deep-sea infrastructure

Single collaboration, single technology
Selected for ESFRI roadmap 2016

Cities and Sites of KM3NeT % :
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KM3NeT building block
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115 strings
18 DOMs / string

-—

225m/1km /

200m/800m

— 31x3” PMTs

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

— Tiltmeter/compass

— Low drag

‘ 7 io See:
Depth: 2440m/3400m NS l. C. Rea (poster)

%% The multi-PMT DOM of KM3NeT
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Detector construction
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Current Status: 51 Dection Units deployed

ORCA23
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Effective areas: KM3NeT vs ANTARES
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Event Topologies

CCv CC v+ all flavours NC CCv, Atmospheric muon
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=
Vx Vp 2T+ shower

Tracks @Ey>100 TeV Ang. res. below 0.1° - Energy res. ~ factor 2
Shower @E,>100 TeV Ang. res. below 2° - Energy res. ~6% 9



Neutrino oscillations with atmospheric neutrinos

Normal ordering Inverted ordering
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0 Oscillation results with ORCA6-11

KM3NeT/ORCAG-10-11 Preliminary, 715 kton-y
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A. Lazo Pedrajas

Atmospheric neutrino oscillations
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@ Tau appearance / Sterile neutrinos

KM3NeT/ORCAG6 preliminary, 433 kton-years

KM3NeT/ORCAG6 Preliminary, 433 kt-y
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Prospects for neutrino mass ordering

projections including detector construction schedule show 56 NMO determination in reach
within this decade when combined with JUNO

KM3NeT Preliminary Total now: 0.65 - 1.24 sigma | Last updated: 2024-05-27 18:29:46 UTC
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KM3Nel for diff fl
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KM3NeT/ARCA rapidly approaching ANTARES/IceCube sensitivities

See: V. Kulikovskiy  Joint searches for neutrino point-like and diffuse sources with KM3NeT/ANTARES


https://arxiv.org/abs/2309.05016
https://arxiv.org/abs/2309.05016
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@ ARCA230 expected sensitivities

OuEaE=237 for discovery [GeVem—2571]

Diffuse flux

KM3NeT/ARCA230 Preliminary
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@ Multi-messenger program

Main followers

Send neutrino alerts to

external communities
~ 1 '

Receive alerts from
external communities

Receiving alert system operative 7
Real Time Analysis platform already active from Nov 2022 in ARCA/ORCA

Sending alert system under test 7
High-energy neutrino alerts will be sent in real-time (<20 s) by end of 2024.

See: J. Palacios Gonzalez Multi-messenger results of the KM3Net real time analysis



Detection of an exceptional event

e Significant event observed with huge amount of light
* Horizontal event (1° above horizon)
3672 PMTs (35%) were triggered in the detector

 Muons simulated at 10 PeV almost never generate this much light
— Likely multiple 10’s of PeV
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VHE event display




\@ Consistent with muon neutrino

Event is well reconstructed as a high energy Expected zenith distribution for
muon crossing entire ARCA21 detector 100 PeV neutrinos
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18 l024

entries

Rich detail

Light profile consistent with at least 3 large energy depositions along the

muon track

Characteristic of stochastic losses from very high energy muons

400[—— . . .
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height (floor-number)

Rich detail

* Light profile consistent with at least 3 large energy depositions along the
muon track

e Characteristic of stochastic losses from very high energy muons

e Space-time distribution of light consistent with shower hypothesis
associated with these energy depositions

* Low scattering is key to observing this richness of detail
20

KM3NeT Preliminary
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Not an atmospheric muon
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Summary

e e
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Exceptional >10 PeV energy event detected-stay tuned

New collaborators very welcome- come and join the adventure!

~
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P. Coyle

C. Lastoria

J. Palacios Gonzalez
A. Lazo Pedrajas

L. Bailly-Salins

A. Saina

V. Kulikovskiy
I.C.Rea (poster)

KM3NeT @ ICHEP

Status of the KM3NeT neutrino telescope

Exploring tau appearance mesurements in KM3NeT/ORCA

Multi-messenger results of the KM3Net real time analysis

Measurement of atmospheric neutrino oscillations with KM3NeT/ORCA

Sterile neutrinos

Dark matter searches with the KM3neT neutrino telescope

Joint search for neutrino point-like and diffuse sources with KM3NeT/ANTARES
The multi-PMT optical module of KM3NeT
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Climate change in the deep sea
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Single DOMs -> Supernova detection

» 7 kHz random background, mostly from 4°K decays
e Constant natural source to calibrate the charge and timing of PMTs
e Can use single DOM variables to search for supernova neutrino bursts

Significance

PMT multiplicity plot SN signal above background
KM3NeT/ORCAS, 6 hours run ARCA28+0ORCA23
_.—EO CA23 & CA28 =~ MG 4 ORCA115 background T ‘ i !
10! i RCA ARCA — Muons 10° ¥ ARCA115 background 501 1| — 11m. 1227
% PR — ! — 27 Mg
n Radioactivity Slgﬂ;‘:‘;;::g‘:;ﬂ:’d“"" 401 1 —om, [
{ -+ Data 10° mmm 40 M, at 10 kpc 30 H 527
100 ! _ mmm 27 M, at 10 kpc i i z
o~ { 2 11 M, at 10 kpc _20] i 75 2
T o KM3NeT PRELIMINARY g -3 e =
g = 2 = 4
g 10 g 10 2 'G o
] e @ ! ‘ R 5
2 g 3o \ls 3 E ™ 2
2 102 & ! | Q ks E
@ 2 N g 13 P e 2
5 10-? X i D e 2 S
4 5] 1o g = \ 74
1073 A S ENE E ~_ e
102 i d HS) = 1 8
4 34 : . ~ 19
0 10 20 30 40 50
107* 10°? Distance (kpc)
H 7 8 i ) 9 10
4 6 8 10 12 14 16 18 20 Multiplicity

Multiplicity

Full KM3NeT: >50 for ARCA+ORCA for 27Mo
at a distance <50 kpc

An on-line alert system for CCSN already implemented
Integrated in SNEWS




Multi-messenger diffuse flux
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What are the sources?!
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Instantaneous fields of view at PeV energies

At highest energies, neutrinos don’t make it through
the Earth: horizontal tracks are golden channel

Lake Baikal
South Pole
Mediterranean

-

Ly

180°

Instantaneous field of view with horizontal tracks
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Absolute pointing calibration with Moon/Sun Shadow

Sun

ORCAG6 Sun
(6.20)

€ (£202) €8 D rd3

Events: 697995



Dark matter-indirect detection

Sun Galactic Centre

Dark matter

particles @

\
particles 0

Neutrines produced from
decays of annihiation
progducts may be detected,

m—— ANTARES 11 years NFW =mm= KM3NeT ARCA 230 lines 1 year NFW

HESS 10 years GG survey Einasto VERITAS Dwarf Spheroidals NFW
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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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Q Angular Resolutions -
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NGC 1068: The Disk Corona model

- AGN powered by a SMBH with
mass ~107 — 108 solar masses

- It is close! ~14.4 Mpc

- Intrinsically the brightest Seyfert
in the X-ray band

Electron and protons are accelerated
in the high field regions associated with
the black hole and the accretion disk

» They produce neutrinos in the
optical thick corona

- Gamma-rays are absorbed
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Image credit: NASA/JPL-Caltech




Multi-messenger example: Kilonova GWs

Neutrinos: all sky detection, precise location

BNS merger or NS-BH: looking for a short GRB ¢

signal (kilonova produced too low energy
neutrinos) or the remaining potential
magnetar

BBH merger: either looking for BBH happening}

in dense environment or with large mass
difference between the 2 progenitors
(remaining accretion disk)
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( ’ ORCA115: neutrino mass ordering
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EVENT TYPE AND ANGULAR RESOLUTION

N AR Tracks: very long path (Eu>1TeV several km)
Big lever arm
» Good angular resolution

ANTARES

KM3NET

I Zf ; : f : Cascades: small path (Ecasc >1TeV some tens of
B _

v meters)
* Modest angular resolution

*Resolution at 100 TeV
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EVENT TYPE AND ENERGY RESOLUTION

Tracks: very long path (Eu>1TeV several km) TRACK
Neutrino interaction vertex far from the detector A CASCADE
* Modest energy resolution ANTARES

LOG(E)

KM3NET

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

meters)
All the energy released inside the detector
» Good energy resolution
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