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Neutrino telescopes: science

MeV to PeV energies

Transition probability

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

RES KM3NeT-ARCA >

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




Motivations for neutrino astronomy

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

— Discover ~100 years ago but still unknown origin
— Spectrum over 32 orders of magnitude

— Mysteries at the ultra high energies > 10 eV,
which acceleration mechanism ?
Which sources ?
Which cosmic evolution ?

F (m?srs GeV)'

— Connection to the other messengers (v, y, GW)
— At the heart of the non-thermal astronomy

Trajectories of 10'® eV protons in random nanogauss field with 1Mpc cell size

40 L T T T ‘ T T ‘ T T T
oy | km™ yr"
) T Charged protons
0 P o | scrambled due to
10° 10" 10% 10’ 107 107 10¥ magnetic fields
E (eV) - ]
49’ | | \

Distance (Mpc)



How to produce CRs and neutrinos

To produce neutrino = CR accelerator & target

neutron
stars

.. white
‘dwarfs

AGN cores (radio

B ‘P+ ). galaxies, blazars)
i 0;6‘\\\ JO’ AGN jets
T A @L‘\\\ (radio
. Cﬁ)\ \ galaxies,
i @@/ E % blazars)
ST B
. -6+ s
magnetic i 5 N\
ﬁeldS 1 1 ; 1 ! } ! l : 1 1 } | ! 1 }\\.I |(’.:\‘\(\a bl:
0 3 6 1AU9 12 1pe 15 18

log(Size [km])



The CR-gamma-neutrino connection

Multi-messenger connection (O™ order)

Trace many

R { n+ 7" 1/3 of all cases things

et p+ 70 2/3 of all cases , \

= ,u..+ + Yy,
CR ()

ut e+ v+,

Photon emission Trace cosmic Trace interactions of
0 accelerators accelerated baryons
0 — v+
Most of the observed
radiation is EM @ Trace compact mergers

(so far)




Neutrinos: cosmic messengers

Neutrinos: neutral, stable, weakly interacting
not absorbed by background light/CMB => access to cosmological distances
not absorbed by matter => access 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



Distance [Mpc]

A new window on the Universe

radio/microwave infrared/optical gamma-rays neutrinos cosmic-rays

€

cosmological max of star formation opaque to photons;
10° transparent to neutrinos

2 - e
10 nearest blazar

—
Q

LY
o
=)

nearest galaxy

-—
Qe

-
Q
N

galactic center

102 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10¢ 104 102 1009 107 104 10° 108 107 107 10 10 10 10%

Energy [eV]

The Universe is opaque to EM radiation above 10-100 TeV,
but not to neutrinos



E24J,,+,7 [GeVem 25 1sr]

100}
104}
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10710 |

Neutrinos fluxes from MeV to PeV

- CvB

core-collapse SNe
solar/(47) == SN 1987A/(4m)/(3s) ==

avg. atmo. vy + v, =

avg. atmo. ve + 7. == IC HESE (7.5yr)

avg. Galactic diffuse

— IC track (9.5y

= IC cascade (6yr) =

cosmogenic (p)

1)

non-anthropogenic
neutrino fluxes

(v + 7 per flavour)

cosmic neutrino
background

.
SN 1987A
\atrﬂosphere

1)

cosmic
neutrinos

T

R A

neutrino|energy E [¢V]

KM3NeT-ORCA

uperK 8 Mton

50kton

IZOOm

—— .
ANTARHEP
20
Mton

400

o(vp)/o(yp)= 107 at 1 TeV

Need very large detectors

~ N
"~ A

lceCube
GVD
KM3NeT-ARCA
1 Gton

000m




Very large volume neutrino telescopes

2 - \g’\ﬁ;gf\ it
Mediterranean Sea ; Lake Baikal
Saltwater: K40 ; i Freshwater

Bioluminescence ' : Chemiluminescence

i iceCuse | Antarctic
G e SR R 7 g Dust, air bubbles 9



Current H20 (liquid+solid) neutrino telescopes

Antares — Baikal-GVD

Med. Sea (-2.4km) — ‘ lllll W = B Lake Baikal (—1.?km)
12 strings =N R 1111 1 cluster =8 strings
885 PMTs (10%) }g 0.5 km3 (14 clusters)
1/100 km3 I 3168 PMTs (10”)

ters)

KM3NeT
Med. Sea (-2
3BB (345 stri

ube
h Pole (-2.4km)

Mediterranean South Pole

~ /30 L
6000*31 PM i North_..‘ il 86 strings
1.1 km3 s | 5160 PMTs (10”)
1 km3

10



Instantaneous PeV fields of view

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

Lake Baikal
South Pole

180°

Instantaneous field of view with horizontal tracks

11



ANTARES Detector

(2008-2022)

12 lines (885 PMTs)
25 storeys / line

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

Junction box

_
ERRoRmen,,




ing (feb/June 2022)

ismantl

ANTARES D
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KM3NeT

Multi-site, deep-sea infrastructure

Single collaboration, single technology
Selected for ESFRI roadmap 2016

Cities and Sites of KM3NeT 62 institutes 1 '
~22.¢ountries Oscillation Research

5 _continents with Cosmics In the Abyss

A B
ggl,ﬁ.m?‘:s 4 ”‘

Warsaw

—~— S
Lo Bamber:
Paris ~ {4, % 9 ® Prague
Johannesb, L] Wirzburg ®Erlangen ;
°® ‘ aen Strasbogrg ° = rausis
Potchefstroom antes _Tubingen e
[oghap:
South Africa

Montpellier Marseille
L] g -

L)
Montpellier, ‘ Toulon
Vilanova i la Geltri @
(]

Israel ' . , Caserta. Bari 7 |
Granada :"dfa - AT - e - =
A ‘ = Catarga Sharjah . 1
‘4‘ : “ o Astroparticle Research
[ /] . : . ‘ with Cosmics In the Abyss

Connection nodes of

o fome.

+ Harvard
KM3NeT 2.0: Letter of Intent

http://dx.doi.org/10.1088/0954-3899/43/8/084001 ;
J. Phys. G: Nucl. Part. Phys. 43 (2016) 084001 *

european
multidisciplinary

[
-
seafloor & water column e m S O
observatory

: 14
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KM3NeT: ARCA and ORCA
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KM3NeT Infrastructure
©) 3 Installation sites
2 PMT preparation sites
() 8 DOM integration sites
Amsterdam @O @ 9 base module integration sites

@ 5 DU integration sites (DOM to VEOC)

Erlangen @ @ 3 DU test and preparation
Caen @ Strasbourg @ to deployment sites
Nantes @ i @ 1 electronic refurbishment center

v

Genova (OBologna
Montpellier (W/ e

: Marsoille’ KM3NeT-Fr
N R () Bari
Naples/Caserta @) @ O (J\))
Valencia () . >

(O @ Athens™ 3,

o KM3NeT-Gr # *

Rabat @ 4 JOuide A’ KM3NeT-It

Status of detector integration

DOMs

8 integration sites

« 1234 DOMs integrated
« 80 currently on bench

BMs

* 9 integration sites

* 66 BMs integrated

* 4 currently on bench

DUs

* 0 integration sites
« 56 DUs integrated
* 46 deployed

18



Amsterdam

Erlangen
Athens
-7 !

Marseille



KM3NeT Detector Unit deployment

T
\\\\\\\\\\\\\\\\\\\\\\\\@mh
\\\\\\\\\\\\\\\\\\\\\

ST W
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Current Status: 46 DUs deployed

ORCA18

3!
R
P52 P41* P42 P54

P101
P109P110* _ P111 P112/ P1
: P120*

P116 P117 P118 P119

3ABI

s

'Sonarscan
From ROV

Ao

Phasq , Meoe

JB-HV

CTF PHASE 2 - BLOCK 1

4w

500m

BLOCK 2

BLOCK 1

500n




KM3NeT Event display

ORCA18 ARCA28

® 72%mm

4170 ns

1050 ns




Event Topologies

1. track like events 2. shower like events 3. “double bang”

N

o o) e Nr%

N Pt Pe ",“ ,'_' 4
N " |

LY ‘ - l J \ ‘ & o8
> éirr' e
\‘ - , - ‘-I
‘ "
e © !
L e, } b ol

BACKGROUND !!




Effective areas: KM3NeT vs ANTARES @

—r
o
>

M3NeT / ANTARES Preﬁmmary 5
ARCA (1 block) ol PR B

M p—
‘__.—-‘-.'—

—r
o
w

102 ....................... ........... __

effective volume [Mm3]

1 O ................... ‘

— "u CC
10 ] — I ..................... ....................... ———- v, CC

1 | 4 111 lllli 1 4 lllllli | I lllllli 1 | 1llllli ] 4 1L 1111
1 10 102 10° 10* 10° 10°
neutrino energy [GeV]
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. Qe - .
a3 Resolutions g
b - : ib s -
o e s
Showers (CC ve vt — NC)““‘l Tracks (CC vt ve)\ 1
lSHOWEFI-Iike events TRACK-like events l
EM cascade 7 decay products [l,
s 7 Yy
G Vg T Vr </ ke, (
| (Q N
hadronic shower hadronic shower hadronic shower
NC v AT
% . Hadronic shower + muon track
hadronic shower
Angular resolution 10°/1° Angular resolution 0.5°/0.1°
at 100 TeV for Ice/water at 100 TeV for Ice/water
Energy resolution ~ 5% Energy resolution ~ 200-300%

(if contained: 25%)

Precision multi-flavour astronomy with water based telescopes

25




Resolutions: IceCube vs KM3NeT *

Old IceCube skymap
5 +60° .’Jam f'e;,'r'rw lceCube,
PoS 998

Resolution for v, il Resolution forv,
ANTARES O ANTARES

KM3NeT ° KM3NeT

26



d Acoustic position calibration in KM3NeT

Precision
few cm

Animation of DU movement

200
= QPR S HE
TRRHIE
5.-3‘
|
|

~
—
3
= X
S i
0
Q
(36 u <. 30
|

® 0
< & 0
4° s,
0
J’f 2, \6‘\
o
] <P +

Use of dynamic positions,
verified by muon calibration

4 =1 dynamic calibration

[ static calibration

dynamic with gauss;
o=0.05m

T

-08 -0.6 -04 -0.2 0.0 0.2 0.4 0.6 0.8
preferred x-position from muon reconstructed track (m)
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Absolute pointing calibration with Moon/Sun Shadow

Sun

ORCAG6 Sun
(6.20)

vv€ (£202) €8 D d3

Events: 697995



PMT efficiencies: 49K

0.5 T I T T
J _ 045
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, S 04
! > S 0a3sf
S S 03F
2 go2s
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S§ 02
Q! ~
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© =005
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5 10 -5 0 5 10 15
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13 [ Xx
12 14%
10
g 12
E 1
40K ¢ 038
4
3 06
2
1

\jJ 04
« JJ 1123456123456123456123456123456

e \ 0 G 6 0O O
PMT index and orientation
Up to 150 :

J . : , . . r—] KM3NeT First DU Prelimina . . . : .
Cherenkov ) 2 j‘s L Prebay |
A S 16 | - -
phOtonS 40Ca) 'C ) k; :ll~ll: : 1§ ; |!‘;‘li :. it by : ‘\ i 5 -
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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

KM3NeT | ' ]
£ : L I!O}!RCA!1 If : ORCA+ARCA, 27 MO
% T K40 ORCA ARG 7 g ORCA+ARCA, 11 Mo
- ., ARCA 100 - T;:: OR.CA+ARCA, 40 Mo
Alra,, 2 :
e S 501 2 i
S e > = KM3NeT | ¢ |
VIO 4 . S - -
o g i :
b 0. 0.0 O |
kel Ty % 1l £ |
g I\.Df‘ v fienanc fawiar Hon rate I 10 § :
6 8 .10 12 14 16 18 20 22 24 26 28 30 § :
Multiplicity 514 = '
? }
3 . . . r r . 15 B
KM3NeT v ARCA background 10 20 30 40 50 60 70
— 54 relimina ackgroun .
2 ° P ¥ — fgfaAebat ™ kpcd Distance [kpc]
g 0%, 27 M, at 10 kpc
P 3 11 M, at 10 kpc . . .
< 10 - i Discovery potential for 95% of Galactic CCSNe
% 102_--5-__
o -‘
5 10! —L- ey e
: . L "R, ARCA6+ORCAG already sensitive to 60% of
@ ] Y v N .
510y MUONVveto | |- I Galactic CCSNe (<11 kpc)
£ ., > ORCA less T
background + | . . ) )
i 5 6 7 & o 10 11 12 Joint real time trigger operational for SNEWS
Multiplicity

since early 2019 30



Measurements of the diffuse neutrino flux v

._.
=
i

—
fe=}
=)
1l

Events per 2635 days

._.
S
I

ICECUBE
] o 1025
IceCube;Preliminary 3 b & — Data
4 »-I-;.} = Atmo, Conr. o F — Atmospheric MC
:-I- ,_I_,_} EE Atmo. Muons § B — COsmic signal E
| s 10 5
c - )
s F ANTARES =
Preliminary 5
1 =
Showers
1 6 ‘7 T N N B 107
10 Dl() i [(1;0\,] 10 log (E  /GeV) 1.2 14 1.6 1.8 2.0 22 24 26 2.8 3.0
eposItec nergy eV
I log, (E,/ TeV)

Q DE =
= 45 e : '_E Baikal-GVD (2018-2021, Upward-going)
w UE € this study, best fit
N | = IceCube HESE (7.5, Full-sky)
3.5-F o= Phys. Rev. D 104, 022002 (2021)
3 z— L —z IceCube Inelasticity Study (5y, Full-sky)
5 5 = Phys. Rev. D 99, 032004 (2019)
, E | 3 IceCube Cascades (6y, Full-sky)
Lk , 3 Phys. Rev. Lett. 125, 121104 (2020)
o . = IceCube Tracks (9.5y, Northern Hemisphere),
E g ! = The Astrophysical Journal 928, 50 (2022)
0.5 ;_ —g ANTARES Cascades+Tracks (9y, Full-Sky)
0+ | b e — PoS(ICRC2019) 891 (2020)
2 2.2 24 2.6 2.8 3 3.2
Yastr
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ANTARES 2007-2020 datg Lett. 8841 (2023), p. 137951

20 excess in tracks and showers — hint for Galactic signal

60°

% OFF region\ 30° MMos0a

/ P4 ON region .
\ . 1200 1 60" | -60°

Fermi i
Bubbl
Btibt

Track
£
a
=
g
v i
ICRC2023 PoS 1103 b, '
7 le=7 g mmm Background ﬁ
x  Bestfit 5 N Best-fit signal ~ EEEES---—-—q
35 1071 --- Background+signal
i 4 Data (2007 — 2020)
P 2 2.0 255 3.0 35 4.0 45 5.0
- g 10910(Erec/GeV)
2.5 o
2 % (a) Track-like events
2.0 o
a
s 5 ’ 10t % Shower
Mo = 1016 10715 T C c l L“-E
‘ $o [GeV~! cm=2 571 sr1] é ﬁ 1T
2 10°
ﬂ
c
S mmm Background
W P Best-fit signal
-=-= Background+signal
4 Data (2007 — 2020)
2.0 25 3.0 3.5 4.0 45 5.0

10g10(Erec/GeV)

(b) Showering-like events

For Ev>1 TeV
21 track events observed -> 11.7+0.6 back. expected
13 shower events observed -> (11.2+0.9 back. expected

Diffuse from Galactic Plane

KM3NeT

ICRC2023 PoS 1190

lI| < 31° and |b| < 5° for KM3NeT/ARCAB-8 and
lI| < 31° and |b| < 4° for KM3NeT/ARCA19-21

ARCAG6 & ARCAS8 & ARCA19 fully analyzed
ARCA21 partially analyzed (until December 2022)

KM3NeT/ARCA6+8+19+21 Preliminary, 432 days

10°°

IceCube
. 0 model best-fit fl
10 <

10-7
IceCube l'
KRAy® best-fit flux

E2 dn/dE [GeV cm~2 s71]

10—8_

IceCube / KRAJ best-fit flux [2023)

—— IceCube / n° model best-fit flux [2023)
ANTARES / Galactic Ridge best-fit flux [2022]
— —

On-Off zone analysis

ARCAB+8 upper limits

/ARCA6+8+1 9+21 upper lim|

ANTARES

= KM3NeT / ARCA6+8 combined 90% C.L. upper limit [this work]
w— KM3NeT / ARCA6+8+19+21 combined 90% C.L. upper limit [this work]

TTTT

Energy [GeV]

10° 104 10° 10°


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

Neutrino Sources?

e R T Kilonova
Supernova Remnants
K g

"

N

Gamma ray bursts

- Blazang .

Dark ma %

-

tter/

N

. ———




E2 x do, / dE [GeVcm—2s~1]

ANTARES PS search pysues map

PRELIMINARY

Declination J2000 [deg]
o

Right Ascension J2000 [deg]

N —10g10(Pfaue)

10—7 . x@h

1 =—— ANTARES 15 years Sen®0% E~2 o ,\;‘

{ === ANTARES 15 years 50 Disc £ ,,,09«, &

E L. _ & 4

2 Q Q
v ANTARES 15 years limits E 9,,;%0@' &Y é&\
6)(
& ' /S
(/0

108
10-9 ANTARES PRELIMINARY

-10 -08 -06 -04 -02 00 02 04 06 0.8
Sin(6)

3'/pix, 200x200 pix

ANTARES point source searches (15 years)

Hotspot (a, §)=(200.46, 17.74)

Pratue Map around ANTARES HotSpot

PRELIMINARY PRELIMINARY

DECL J2000 [*]

202 200 198 196
RAJ2000[°]

204

(200.479,17.739)

MG3 J225517+2409 (3.4 o pre-trial)

3C403 (3.4 o pre-trial)
J0242+1101 (2.6 o pre-trial)
J2136+0041 (2.4 o pre-trial)
TXS 0506+056 (2.4 o pre-trial)

" Logro(EconlGeV]) (track-like events)

H g H

(shower-like events)

&
Nhits

H

MG3 J225517+2409 (3.4 sigma)

Puare Map around MG3 J225517+2409

PRELIMINARY PRELIMINARY

MG3 J225517+2409

DECL J2000[°]
N
EN

3 Ypix, 200x200 pix

348 346 344 342 340
RA J2000 [*]

(343.82,24.19)

) -LoG10(Pva)
o 5

comla. u.] (track-like events)

g

H

g H g
Nhits (shower-like events)
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g Eay E20 for 90% CL [GeVem™2s71]

©

10~

10~°

10—10

KM3NeT point source searches

e
KM3NeT/ARCA Preliminary

60°

s
© 3G o i 222
, A i QTN &
24h! “; o, e 1AL of 3 2% boe 202 R Gl AN oh
o iy L

KM3NeT/ARCA6-21 Preliminary

10 R
ARCAé gzg

ARCA6-21 (424d)
ANTARES 15y

IceCube (10 y)
ARCA320 10y

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75
sin(declination)

Sensitivity

—— ARCAG6 (92 days)

A
[ ]

ARCA6-8 (302 days)
ARCA6-21 (424 days)
ANTARES (15 yr)
IceCube (10 yr)
ARCA230 (10 yr)

Observed limits
ARCA®G6 (92 days)
ARCA6-8 (302 days)
ARCA6-21 (424 days)
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@ KM3NeT expected sensitivities

Diffuse flux

KM3NeT/ARCA230 Preliminary

Significance o
— 3

Astrophys. J. 928 (2022) 50

OULNE~237 for discovery [GeVem—2s71]

2 3 4 5 6
Observation years

50 in ~ 0.5 year for the full detector (230 DUs)

OYEHE~32 for discovery [GeVem™2s™1]

=
o
o

=
o
A

NGC1068

KM3NeT/ARCA230 Preliminary

Significance o
— 3

~
Sro
~~e

2 3 4 5 6

Observation years

30 in one year
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Neutrino oscillations with atmospheric neutrinos

Solar

Normal ordering Inverted ordering

A A
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0.8 ” ..... -
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New neutrino oscillations with ORCAG6

* Increased event sample by factor of 5:
better selection, add showers, livetime +40%

510 days, 433 kton-years

* First time we see oscillations in showers

KM3NeT/ORCAG6 Preliminary, 433 kton-years KM3NeT/ORCAG6 Preliminary, 433 kton-years KM3NeT/ORCAG6 Preliminary, 433 kton-years
B AR T 10<cos0<00 ] i AR T 10<cos6<00 ] o FARALL T 40<cos8<00 &
120 H LT High Purity Tracks — L HH Low Purity Tracks . 120}— reH : Showers —
E H H = No-Oscillations | - =ax: No-Oscillations | E H e ===:No-Oscillations ]
L F i.. = NUFit E b = NUFit E F H = NUFit ]
100(— H H — Bestfit il 150(— — Best-fit — 100— — Best-fit -
3 F =4 Observed B D B =4 Observed 7 S - =4= Observed B
® u ] ) r ] ® E 1
S 8o e — 5] L 4 o 80 |
B pai ] PP E < B
P ] £ 100 ] 2 r 1
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> ] > > B 2l
w L ] w R w e E
40 - 3 R 404 —
E ] 50 — = ]
aof . i ] 2of =
P! A | FEStRY carre d o . . = J oL ‘
3 4567810 20 30 40 100 200 300 1000 3 4567810 20 30 40 100 200 300 1000 3 4567810 20 30 40 100 200 300 1000
Reconstructed Energy [GeV] Reconstructed Energy [GeV] Reconstructed Energy [GeV]

High Purity Tracks Low Purity Tracks Showers

KM3NeT/ORCAG Preliminary, 433 kton-years KM3NeT/ORCAG6 Preliminary, 433 kton-years KM3NeT/ORCAG6 Preliminary, 433 kion-years
T T T — T — T T — T — T — T T B e e — T
N g i 1
- 1 Ll I . ] & 1 ]
3— — b 3 4
s L ] = ] S I J
(] [* = [ 3 = [} E 2
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£ B 1 7 £ ] 3
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= ] i = A <
2 - - @a ] P - J
5 |- -1.0<cos6<0.0 - % -1.0 <cost < 0.0 £ 5 I -1.0<cos8 <0.0 -
> I High Purity Tracks - > Low Purity Tracks . > ol Showers _
W e No-Oscillations — w b No-Oscillations B w ... No-Oscillations
[ NuFit =1 1? — NUFit ] [ s NuFit b
[ == Bestiit ] [ m—Best-fit E [ s Best-fit =
| == Data o [ == Data g == Data B
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« New oscillation results with ORCA6

AmZ, [10° eV?]

KM3NeT/ORCAG6 Preliminary, 433 kton-years

KM3NeT/ORCAG6 Preliminary, 433 kton-years
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9 ORCA115: neutrino mass ordering

NMO sensitivity [o]

3 years

6 f_, & NormaI: Ordering 2 'KM3N9T=
- 1= Inverted Ordering
5|—_‘ ...,..8CP=00 . : :
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2.5-50 determination of Neutrino Mass
Ordering possible in 3 years
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Combination power relies on tension
between best-fit of Am?;; in “wrong
ordering” between JUNO and ORCA
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Tau appearance

The muon neutrinos mainly oscillate to
tau neutrinos.

They appear as showers events.

Counting shower events is the
sum of the tau and electron neutrinos

=3k v, CC events/year with full ORCA

KM3NeT/ORCA®6 preliminary, 433 kton-years
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NSI

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

Neutrino decay
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@ New idea: Tagged Protvino to ORCA

* 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:

— 30— 1 -
. . oy - [~ TagP20 10 yr .
M. Perrm—T_errm & ppE-|— DUNE 10y arXv200616043 | 4% 1 020 pOT
https://arxiv.org/abs/2112.12848 L . ]
(t,B,VV)un ° 20 » / \ .
(t,B.V0),," C .
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“ OE/E < 1% E / \ ) / . \ .
-%I%F{W oooooo\)uv Vy 10:/ o T— (o] s —
\5\\~i:~---~.__-~....~,\‘5__ iny PQL = C __’/*_ —— ‘/—“\\.__:’
TAGGER — e S:; .
ut of D o 6 .
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https://arxiv.org/abs/2112.12848
https://arxiv.org/abs/2112.12848
https://arxiv.org/abs/1902.06083

s Instrumentation for marine sciences ~ emso?
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LABORATOIRE
SOUS-MARIN
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BathyBot, le rover des fonds marins P

€ Mission : observation sous-marine
9 Localisation : au large de Toulon (Var)
{ Profondeur:2500m

v x40km {5 Durée : au moins dix ans
®) Zone de mission

BATHYBOT BATHYDOCK

e Rayon d’action: 50 m ¢ Point d’ancrage du BathyBot

« Piloté a distance et boitier de liaison

e Capteurs : température, salinité, e Permet la descente du
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d’imagerie détectant
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Cameras, lights, sensors — ok
Movement — not ok



Bioacoustics

slze of whales 3D trajectory tracking ..

Time (s) 1725
17:20
1745

-1150 -
Click . 17:10
11/05/2020 clckstran e

-1200 |
1 533ms 12.58m

17:00

5 1250 |
2 545ms 1264m = 1655
E 1300 - 16:50
3 556ms 12.71m ~N
2 -1350 |
3 4 542ms 12.63m
g 5 531ms 1257m 1400 7
< ’ 1 — 1800
6 533ms 12.58m Gl T 00
7 530ms 1257 m 4280 o o 1600
Click 3 - — = ™
1 I} 5.56 mss 8 545ms 12.64m 4200 o ot 1400
05 r—— X (m) -4160 1300 Y (m)
1 " Mean value: (12.62 + 0.04) m
‘ P2



Température dtentielle (°C)
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Summary

ARCA/URCA

ORCA cij rrently taking data wit
End of 2023: ~24 lines -

R ‘;s-;_;"-::i"s;.-_;\: 5 7 ;

ARCA currently taking data with 28 line

New collaborators very welcome
Come and join the adventure!
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Sun

Dark matter
particles @

Neutrines produced from
decays of annihiation

products may be detected,

Dark matter-indirect detection

Galactic Centre
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DARK MATTER

Galactic Centre

ARCAG6 + ARCA8  icrc2023 pos 1377
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https://pos.sissa.it/444/1377/pdf
https://pos.sissa.it/444/1406/pdf



https://www.in2p3.cnrs.fr/en/node/1575

Hint for a TeV neutrino emission from
the Galactic Ridge with ANTARES

2212.11876.pdf (arxiv.org)
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https://arxiv.org/pdf/2212.11876.pdf

ORCA
(France)

Prefiminary DUs connection scheme 2021-02-09
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- 2" junction box
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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

-

Angular-resolution [ ° ]

=

102

Angular deviation [degrees]

Angular deviation [degrees]

il

10* 10° 10°
Neutrino energy [Gev]
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t==== Aashowerfit
10" | =— Double cascade

Algorithm
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Tau length [m] 55



Ratio to no oscillations

Ratio to no oscillations

4 KM3NeT/ORCAG6 preliminary, 433 kton-yr
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2 DUs of ARCA (23/12/2016-2/3/2017) &
1 DU of ORCA (9/11/2017-13/12/2017)
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https://arxiv.org/pdf/1906.02704.pdf

PMT detection efficiency calibration verified
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https://arxiv.org/pdf/1906.02704.pdf
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RESOLUTION

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

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

IC resolution for tracks

from arXiv:1910.08488, 15 October 2019
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EVENT TYPE AND RESOLUTION

TRACK

CASCAD

)\
Tracks: very long path (Epu>1TeV several km) LOG(E) E
Neutrino interaction vertex far from the detector
* Modest energy resolution ANTARES
KM3NET
Cascades: small path (Ecasc >1TeV some tens of meters)
All the energy released inside the detector ICECUBE
*Good energy resolution BAIKAL -
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C energy resolution for cascades
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NGC1068

4 Nov (Science) : IceCube AGN IC at 4.2 sigma (steady state)
&35 ve Evidence for neutrino emission from the nearby active galaxy NGC 1068

https://www.science.org/doi/10.1126/science.abg3395 New results from the =1

P

IceCube Neutrino Observatory

Thursday, November 3, 1:00 PM CDT

https://icecube.wisc.edu/news/press-releases/2022/11/

icecube-neutrinos-give-us-first-glimpse-into-the-inner-depths-of-an-active-galaxy/

7~ »,

gD

= & Yolube sF

Analyses ANTARES et KM3NeT -> nothing

More precise analyses -> ongoing ] o
= 10710 ] ot
'
N NTARES
£ 1071 4 --lli
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& +1-+T
W 40+13 5 ,,;’i”
o
10714 Lty : : ; : .
1075 1072 10 107® 107  10°  10®  10°
Energy [GeV]

“Recent models of the black hole environments in these objects suggest that gas, dust,
and radiation should block the gamma rays that would otherwise accompany the neutrinos,”
says Hans Niederhausen

“It is great news for the future of our field,” says Marek Kowalski,
“It means that with a new generation of more sensitive detectors there will be much to discover”.

“The unveiling of the obscured universe has just started, and neutrinos are set to lead a
new era of discovery in astronomy,” says Elisa Resconi



Neutrinos from radio-loud blazars?

VLBI catalog: 3411 sources J0242+1101: radio-y-v association?
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ORCA115: sterile neutrinos

Am,,2> 0.1 eV? Amg,2< 0.1 eV?
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9 ORCAG6: neutrino fit systematics uncertainties

Systematic Expectation, (¢, | Std deviation, oy
Overall normalisation 1 No prior
Track normalisation 1 No prior
Shower normalisation 1 No prior
NC normalisation 1 20%
7-CC normalisation 1 20%
High Energy Light Sim. 1 No prior
Atm. muon normalisation 1 No prior
v/, skew| 0 5%
Ve/ e Skew 0 7%
v, /ve sSkew 0 2%
Vup/Vhor SKew 0 2%
Spectral index 0 0.3
Energy scale 1 9%

KM3NeT/ORCAG6 Preliminary, 433 kton-years
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\ 5P Gamma Spectrometer (Ge)
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