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Neutrino telescopes: science
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Motivations for neutrino astronomy

Main question: what is the origin and the role of the cosmic rays in the Universe ?
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The CRJammaneutrino connection

Multi-messenger connection (O™ order)

Trace many
things

n+ 7 1/3 of all cases
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Neutrinos: cosmic messengers

Neutrinos: neutral, stable, weakly interacting
not absorbed by background light/CMEaccess to cosmological distances
not absorbed by matter " access to dense environments
not deviated by magnetic fields " astronomy over full energy range
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Correlated in time/direction with electromagnetic and gravitational waves

New window of observation on the Universe



A newwindow on theUniverse
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E2¢v+1—, [GeVem 25 1sr]

Neutrinos fluxes from MeV tBeV
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= 'CvB core-collapse SNe = avg.atmo.vy +7; = avg. Galactic diffuse = IC cascade (6yr) = cosmogenic (p)
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Very large volume neutrino telescope

Mediterranean Se 3 X Lake Baikal
Saltwater: K40 Freshwater
Bioluminescence . Chemiluminescenc



Current H20l{quid+solid neutrino telescopes
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ANTARES Detector

(20082022)

1350 m

40 km
to shore
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100 m

12 lines (885 PMTS)
25 storeys / line

3 PMTs / storey
5-line setup in 2007
Completed in 2008
Dismantle 2022

Junction box







KM3NeT

Multi-site, deepsea infrastructure
Single collaboratiorsingle technology
Selected for ESFRI roadmap 2016

Cities and Sites of KM3NeT 62 institutes ] sl
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KM3NeT 2.0: Letter of Intent

european
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KM3NeT: ARCA and ORCA
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Effective areas: KM3NeT vs ANTAREQ

M3NeT / ANTARES Preﬁmlnary
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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 ARCAZ28




EventTopologies

1. track like events 2. shower like events 3. “double bang” BACKGROUND !!
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"""""" Resolutions *~ -
S CEEERIT -
Showers (CC nent - NC) A Tracks (CC nmno)\
lSHOWER-Iike events TRACK-like events l
EM cascade 7 decay products lt
BV T Vi
CC I/(~ -~ I/T ‘K . (
hadronic shower hadronic shower hadronic shower
NC v V..
ﬁi. Hadronic shower + muon track
hadronic shower
Angular resolutiori0°/1° Angular resolutior®.5°/0.1°
at 100TeVfor Ice water at 100TeVfor Ice water
Energy resolutior 5% Energy resolutior- 206300%

(if contained: 25%)

Precisiormulti-flavourastronomy with water based telescopes
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&) ResolutionslceCubers KM3NeT d

Old IceCube skymap
s +60° ajat_a Y':;I:*i ceCube,
oS 998

Resolution for v, Resolution for v,
ANTARES ©O ANTARES

KM3NeT ° KM3NeT
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Events per 2635 days

Measurementf the diffuse neutrino flux Ae
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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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Diffusefrom GalactidPlane

ANTARES 2007-2020 datg: Lett. B 841 (2023), p. 137951 KM3NeT ICRC202B0S 1190
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I| <31° and |b| < 5° for KM3NeT/ARCA6-8 and
Il <31° and |b| < 4° for KM3NeT/ARCA19-21

035
[

al

X
30° 0308

025 2 -
3
2

7 ) b ARCA6 & ARCAS8 & ARCA19 fully analyzed
T ond ARCA?21 partially analyzed (until December 2022)

®
0.05 ®

Fermi i
Bitbhbl
Btibbl

/ i i i | ONredion: %&
\ i 1200 | 60" # ~60°

0.00

Track 408 KM3NeT/ARCA6+8+19+21 Preliminary, 432 days
i On-Off zone analysis
2 ARCAG+8 upper limits
g IceCube
ICRC202B0oS 1103 2 o > " 9 model best-fit | ARCA6+8+19+21 upper limjts
W le-7 e B Background W 107°7
x  Best-fit s W " —— Best-fit signal o o
35 1071 === Background+signal = ANTARES
- ] )
1 ‘" + Data (2007 —2020) - ks BasT
2 2.0 25 30 35 40 4.5 5.0 v
> T 10g10(Erec/GeV) £ .10~73
225 8 — '
2 % (a) Track-like events % IceCube
28 & E KRAJ® best-fit flux
15 X 100 e— ~ —— KM3NeT / ARCAG+8 combined 90% C.L upper limit [this work]
90 ## w o KM3NeT / ARCA6+8+19+21 combined 90% C L upper limit [this work]
a9 1 LN — : 107°9
, 1'?0’” 1071 101 o c # i IceCube / KRA best-fit flux [2023]
1 ep=2 e=1 -1 =
¢° [GEV o Far ] 5 100 ~— IceCube / n° model best-fit flux [2023)
(=3 — ANTARES / Galactic Ridge best-fit flux [2022]
4
°>" B Background 103 10 10° 108
w 10t -~ Best-fit signal Energy [GeV]
----------------- - Background+signal
4 Data (2007 — 2020)
2.0 25 3.0 3.5 4.0 4.5 5.0

log10(Erec/GeV)

(b) Showering-like events

For&>1TeV
21 track events observed 11.720.6 back. expected
13 shower events observed (11.20.9 back. expected


https://arxiv.org/abs/2309.05016
https://pos.sissa.it/444/1103/pdf
https://pos.sissa.it/444/1190/pdf
https://arxiv.org/abs/2309.05016

E2 x do, / dE [GeVcm—2s71]

ANTARES PS search pyayes map

%0
PRELIMINARY :

Declination J2000 [deg]

Right Ascension 2000 [deg]

9 ~10910(p{3,e) s
10774 ®
1 = ANTARES 15 years Sen%% g2 ,\x’V
1 <]
1 === ANTARES 15 years 50 Disc £72 Ko rtgo”
B B
v  ANTARES 15 years limits £72 o o, T N
v S E ¥
i SR
R égﬂ rf’\'\?‘”b d & l
3 o N
Pt ¥ < i J ________
-3 v
_____________ v ¥ v v v
108 v ¥ ¥ = v ¥
v
10-9 ANTARES PRELIMINARY

-04 -02 00 02 04 06
Sin(6)

-10 -08 -06

0.8

ANTARES point soursearchegl15yearg

Hotspot( ,7 )=(200.46, 17.74)

Puaiue Map around ANTARES HotSpot

PRELIMINARY PRELIMINARY

H

1 H g
its (shower-like events)

DECLJ2000[°1

Np

" Logua(Econ[GeVI) (track-like events)
H

3"jpix, 200x200 pix

204 198 196

202 200
RAJ2000[°]

(200.479,17.739)

] -Log0{pa)
n 3

MG3 J225517+2409 (3.4ore-trial)
3C403 (3.4 pre-trial)
J0242+1101 (2.6 pre-trial)
J2136+0041 (2.4 pre-trial)

TXS 0506+056 (2.4pre-trial)

MG3 J225517+2409 (3.4ore-trial) BL Lac

Puave Map around MG3 J225517+2409

PRELIMINARY

PRELIMINARY

H

MG3 122551742409

& H H
Npits (shower-like events)

DECL J2000[*]
N
I
g,,.,.[;. u.] (atran:krlike eeventsj

H

-

3 Ypix, 200x200 pix

344 342 340

348 346
RA J2000["]

(343.82,24.19)

) -Logo(Pva)
o 5



Y Eay E20 for 90% CL [GeVem™2s71]
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@ KM3NeT expected sensitivities

Diffuse flux

KM3NeT/ARCA230 Preliminary

Significance o
— 3

Astrophys. J. 928 (2022) 50

OuEaE=237 for discovery [GeVem—2571]
=
&

=]
o
4

o
—

Observation years

p  DX.¥ year for the full detector (230 DUSs)

2 3 4 5 6

NGC1068

KM3NeT/ARCA230 Preliminary

Significance o
— 3

e H E———— 5
NVI
|
g
= N
Q AN
) : .
> Science 378, 6619, 538-543 (2022)
2 \ ~~~~~~~
> S~
o =2
S N
oo s e
T s T T e
€104
T
£l
+0
@
<

0 1 2 3 4 5 6

Observation years

3" in oneyear

27



Neutrino oscillations with atmospheric neutrinos

Normal ordering  Inverted ordering
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