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Neutrino Astrophysics

o Origin and acceleration of Cosmic Rays ?
o Neutral messengers point back to their sources

v neutrons are short-lived, photons are likely to interact = neutrinos
o CRinteractions produce neutrinos in meson decays

v Search for a diffuse flux from unresolved sources

v Search for individual sources

v Multi-messenger approach for neutrino astronomy
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Mediterranean Neutrino Telescopes

0 Physics Motivation and Detection Principle

> High energy v astronomy and v properties

> Detection: large volume of transparent medium F o
surveyed by photodetectors L o
3§  $5433: GX33
o Location: Northern Hemisphere * Galactic
> Complementary to IceCube Centre

> Golden channel for Southern sky sources. (“Milky-
Way optimized”)

o Medium: Deep Sea Water
> Very small light scattering (good angular resolution)

> Natural backgrounds (*°K and bioluminescence) can

be handled.
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Neutrino detection principle

v Charged Current (CC) : vi+N — I+ X v Tracks & Showers
v Neutral Current (NC) : v, +N—>V + N
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Mediterranean v telescopes

ANTARES: ~10 Mt instrumented mass. Completed in 2008

KM3NeT: A distributed research infrastructure with
2 main physics topics: ORCA & ARCA

250 people
55 Institutes / 41 cities
15 countries
R A R = Y e
b

> .

1 \

o y

) v Low-energy (~GeV) studies
of atmospheric neutrinos
Capo Passero, Sicily, Italy
(J

High-energy (TeV-PeV)
neutrino astrophysics
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ANTARES

Beacon

Optical

NIM A 656 (2011) 11

12 lines (885 PMTs)
25 storeys / line
3 PMTs / storey

5-line setup in 2007
Completed in 2008

40 kmto |,
shore . -
0 Thrersen enaeanis

4

100 m

Junction Box

® Frangois Montanet

Shore station

NIM A484 (2002) 369, AP 19 (2003) 253

Hydrophone  \ro 4 1o N (near Toulon) AP 23 (2005) 131, NIM A555 (2005) 132

AP 26 (2006) 314, NIM A570 (2007) 107

10” PMT ‘ s ' at 2500 m depth NIM A578 (2007) 498,NIM A581 (2007) 695 AP
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31 (2009) 277, NIM A622 (2010) 59-73 AP 34
(2011) 539, NIM A656 (2011) 11
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KM3NeT

Optical Sensors (DOMs) String
(Detector Unit)

PN

* DOM: 31 X 3” PMTs

* Digital photon counting * Polyethylene ropes

* Oil filled PVC tube
* Low drag, Low cost

 Directional information

» Wide acceptance angle

* Cost reduction

* Unfurling by autonomous ROV
* All data to shore

* Gbit/s on optical fiber
* Hybrid White Rabbit

* LED flasher &
hydrophone

* Rapid deployment

* Multiple strings in one sea campaign

~700/200 m

* Tiltmeter/compass <
*18 DOMs / String P consa o s

PMT support
structure (bottom)

Junction Boxes

Seafloor network =~ Electro-optical cables and JBs

KM3NeT
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KM3NeT : ARCA and ORCA

115 strings

18 DOMs / string | Building
31 PMTs / DOM Block
Total: 64k x 3” PMTs |

‘ o ARCA (Gigaton scale) l 2 building blocks
o ORCA (Megaton scale) 1 building block

See:
talk by: V. VAN-ELEWYCK on ORCA
poster by: J. Coelho on Sterile v & NSI

Same technology, denser layout

String spacing 20 m 90 m
OM spacing 9m 36 m
Depth 2470 m 3500 m

Instrumented mass ~7 Mton ~ 2 x 0,5 Gton
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Physics Studies with Mediterranean v telescopes

Supernovae v Oscillations Dark Matter searches Cosmic neutrinos
Explosion v Mass Hierarchy + Exotic searches Multi-messenger program
MeV GeV TeV AT - o
o 19" KKM3NeT / ANTARES Prefiminary _ i
% el ARCA (1 block) T I
£ S ) 2o
3 -
o = -
= C
= .
g -
; — v, CC
| ———- v, CC|

T 10° 10 10° 100 — em oo
neutrino energy [GeV] M‘VBNGT ARCA

KM?‘N:T S~ ANTARES 700 m
ORC 400 ~2 x 0.5 Gt
M 10 Mt @

T
200 m
J @ ~200m @ ~180 m G ~1km

. 2 x 115 strings
115 strings ~ 12 strings \\g—/
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Connections to Earth and Sea sciences

v BIOLUMINESCENCE

PLoS ONE 8 (7) 2013
Deep-sea bioluminescence blooms after dense water
formation at the ocean surface

In preparation
Studying Bioluminescence Flashes with the ANTARES
Deep Sea Neutrino Telescope

v' SEDIMENTS

J. Geophysical Research: Oceans, Vol 122, 3, 2017 ' ’ At
Deep sediment resuspension and thick nepheloid layer ;
generation by open-ocean convection = Organismes -

v" ACOUSTICS

Deep-Sea Research 1 58 (2011) 875-884
Acoustic and optical variations during rapid downward LIGNE LION @ Sl
motion episodes in the deep North Western Mediterranean

v' SEA MAMMALS BEHAVIOUR

Sci. Rep. 7 (2017) 45517
Sperm whale long-range echolocation revealed by ANTARES, a deep-sea neutrino
telescope

Ocean Dynamics, April 2014, 64, 4, 507-517
High-frequency internal wave motions at the ANTARES site in the deep Western Mediterranean
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Multi-messenger Network

Radio/Optical/X-ray
MWA, TAROT, MASTER,
Swift, INTEGRAL

Neutrinos

IceCube, GVD-Baikal

GeV/TeV y rays 4/'

Fermi, H.E.S.S., HAWC

KM3NeT

ANTARES receives alerts (GCN)

 “Time-dependent” searches

e 7y-ray Coord. Network, IceCube, MAGIC, HESS,
VERITAS, FERMI, optical or radio instruments,
and GW alerts from VIRGO, LIGO.

Sergio Navas (U. Granada)

Gravitational Waves

LIGO, VIRGO

Telescope Array

‘\ Cosmic Rays
Pierre Auger,

(TAToO)

“Real-Time” analysis

Time to send alert 5s, median resolution <0.5°.
Triggers: single HE, multiplets, direction

A few 10 alerts per year sent



Reconstruction Performances (1/2); “tracks”

Tracks (v, CC) ideal tool for astronomy
+ Excellent angular resolution + Large effective volume

Angular Resol. < 0.4° above 10 TeV Ang. Resol. < 0.2° above 10 TeV d

Energy Resol. ~ 0.35 in log;o(E eco/Ep) Energy Resol. ~ 0.27 in log;o(Ereco/Ep)
(10 TeV < E, < 10 PeV)

+ Larger atmospheric background
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Reconstruction Performances (2/2); “Showers”

NC Vv, Shower events also used for astronomy
CC V + Contained events — Better energy resolution

‘

+ Almost no atmospheric background

o

Angular Res. < 3° (1TeV<E<0.5PeV) Angular Res. < 2° above 50 TeV
Energy Res. for v, CC better than 10% Energy Res. <5 %
Shower confined within ~10 m (long)

10
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C OS mic R O y S h O d OW Moon shadow: Eur. Phys. J. C78 (2018) no.12, 1

Sun shadow : Phys. Rev. D 102, 122007 (2020) 006 l\

Deficit of the atmospheric muon flux from the direction of the
Moon & Sun induced by the absorption of cosmic rays

Shadow Observed with ( Moon ) a Sun p

downward going muons
Data : 2008 — 2016 2008 — 2018
Statistical significance : 2.50 3.70
Angular resolution : \0.73° A 0.14"/ \0.59° a 0.10"/
g 10:v T I UL l L T T II T { TT lg‘si C.L' %//,”/’1; ! : '
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Broad Physics Science Program

*  Energy Spectrum -

o Neutrino oscillation E il

e (3+1) Sterile Neutrino Models %
«  Non Standard Interactions

CREE L0 | 6
log10(Ev/GeV)

Cosmic neutrinos

. Mu[ti-messenger Search / Alerts . Dg’ﬁ(use Search
(Time & Space coincidences)
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ANTARES : atmospheric neutrino Flux  rssiseonses (£73)

ANTARES Data: 2007 — 2017 (3012 days livetime)

* Pre-selection + Reco. cuts (A >-5.7) + BDT selection > 0.33 (15 parameters)
e Events after cuts:

MC CRu ~3 Unfolded energy spectrum
MC Atmospheric v, CC 96 World wide consistent results
MC Atmospheric v NC 9 i vy

MC Atmospheric v, CC 620 1077 Frejus 1995

- AMANDA 2010
4 |ceCube 2011
ANTARES 2012
IceCube 2015

&
<+
+ SK 2016
10-4] i 4 ANTARES 2020

MC Atmospheric v, NC 180
MC Cosmic v 9.2

MC total 917

Data (3012 days) 1016

events
HHIIH| T H”W‘n{ Hmmm

|

:

|

- B
(GeVcm~2s1sr 1)

e 5

Ll

f Ve
e : -3 [ Frejus 1995

i IceCube 2013
IceCube 2015b
SK 2016
ANTARES 2020

e

0 1 2

log10(E
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Diffuse Flux : Full sky + all flavor search (i &

10°

o Data Sample 2007 — 2018 (3330 days)
o All sky / All-flavour v search

Trackspata

== Atmospheric MC

=— Cosmic signal

ANTARES

o Unblinding: 1.8c excess

Events (2007 - 2018)
=)

Events tracks showers . Preliminary
Observed: SO 57 | 95g —
EXpestedi 361 +8.7= 199 + 16.2 1

107" S - Ll
Selection cuts optimized with MRF 258 35 4 458 88 D ]

Assumed spectral index I'=2.5 o 10°E
c = E = Data
Look for excess above a given Etyreshold S ShOWEISL\tmospheric o
§ i — Cosmic signal
g H 1 » 10E

o Results compatible with IceCube diffuse flux 2 1 ANTARES

E ieecliba miME NORTE018) YT Preliminary

o ANTARES (this work)
T 102 1
Ky ANTARES
5 Preliminary
£ 10!
",'U oI L S U S AN O S
% - 2.5 3 3.5 4 4.5 | B 5.5
‘S, 0 j 0910(Eshower/GeV)
- S
s 1o-1 Best fit (1 flavour flux normalization at 100 TeV)
[
3 «  Flux: ©,(100 TeV) = (1.5 % 1.0)x10-'8 GeV-' cm2 s' sr"
So 102 )
© - Spectralindex:I'=2.3+0.4
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KMSN@T D|ffuse FlUX FU” Sky J. Phys. G43 (2016) no.8, 084001

Track channel
Analysis for upward-going events based on a maximum likelihood
Pre cuts on O,.nith , A reconstruction quality parameter and N;;; (proxy for muon energy)

Shower channel
Containment cut on reconstructed vertex to remove atm. muons (excludes 100 m layer)
All sky analysis based on BDT and maximum likelihood

KM3NeT
E 6 : I I I I . I I I . I I I I I I I . I I I I . I I I I :
o L ]
CCJ e —
o B _
Q T §
= B -
E 4 I e —
2 . KM3NeT 2.0 can observe
n 3 [ combined track+shower - 2 blocks | ]
E combined track+shower - 1 blocks E (30-) lceCube Signal in
2 :_ ............................................................................................................................................ _: 3 months
1 & ......................... A ........................ .................... — and Conﬁrm |t
flux per flavour 1.2 10 (E/1 GeVi® exp(-E/3 PeV) GeV' sr' s cm2 ] (50) in six months

o) ARV VIRV I S A S
0 0.5 1 1.5 2 2.5 3

Observation time [years]
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TAR
PRD 96 (2017) 082001 ApJ 879 (2019) 108 /

A N TA R ES : P Oi n-l- S O U rC es PoS (ICRC2019) 920 Ap]J Lett. 863 (2018) L30 (

ANTARES Data: 2007 — 2017 (3136 days livetime) — 8754 tracks + 195 showers

o Full sky (steps of 1°x1°, no source assumption)  (Phys. Rev. D 96 082001 (2017)) |
No significant
evidence of
cosmic neutrino
sources found

(PoS (ICRC2019) 920)

(ApJ 879 (2019) 108)
(ApJ Lett. 863 (2018) L30)

Most significant cluster
o 0o B A T -l R el —6
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- Tel .r\ | 'l' ¥ = '—"
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o O B e T . et
) o ) *. ® .d & ’ 7/
g § .’—,--~.,_“.'-___,' A i
o f _:' 'I" - ,_" o g ’
A Y 2 /’.’ ‘o f/./
. ’ ? /"/’/'—':’ -7
/,’”;-" I,{’,
) e P
8 _“_,\:\—”
o
PRELIMINARY .
-Iogw(p-value)
——

Full sky search: pre-trial p-values for a point-like source of the ANTARES visible sky.
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ANTARES : searches from selected sources o

ANTARES Data: 2007 — 2017 (3136 days livetime) — 8754 tracks + 195 showers

o Catalogue: 112 sources (galactic + extra-galactic)
No correlation found with

o ICtracks: 75 (HESE+ESE) tracks “steady” — list of preaneciait T

o IC tracks : 54 time-correlated tracks “transient”

------------ ANTARES 0 years Sensitivity
107 ANTARES 11 years Sensitivity
" = F . ANTARES 11 years Limits (astrophysical candidates)
(] (7] - KM3NeT/ARCA 6 years Sensitivity
+ [ b v
: E | :
-é > I o e’ ‘e e .?'
8 +30° /4 (‘310 e T T P e L
O fomdcE o SvaesSimie dedutR ST Rg oS8T e Moy DL TRk N S e e
= : W F ANTARES 11 year
'g 24h [ % +
- I~
S ... KM3NeT/ARCA
E -30 E : niseun il : . ;
- sensitivity after 6 years
S R
: R e v o TR T e T T R S
RA [0] R < T Tsind

Dots: ANTARES tracks & Showers. Stars: 112 astrophysically interesting source candidates.
Squares: 54 IceCube HESE tracks.
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ANTARES : TXS 0506+056 follow up i B

Three searches performed:

|.  Online prompt search for neutrinos associated with IC170922A
* No counterpart events seen in ANTARES data

Il. Time-dependent search for neutrinos in TXS 0506+056 historical bursting periods
(Gaussian & Box-shaped flare time profiles)
No significant evidence of cosmic v ‘s >upper limits

lll. Time-integrated search from TXS 0506+056

* Point Source analysis approach

e 2007 —2017 data (3136 livetime days)
107 sources. 39 most significant source

* Likelihood fit result: p; = 1.03 events.
Post-trial p-value = 87%

e 13 tracks + 1 shower (AW = 59),

S o 17 + 4 atm. v expected

82 80 78 76 74 o P%0% 51y = 1.6 X10-18 GeV-' cm2 s srt ([=2)

B [2TeV - 4PeV]
TXS 0506+056 Equatorial Coord.

(a, 6) =(77.36°, 5.69°)

DECL J2000 [ ° ]
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e ANTARES 2007-2015 : tracks & showers

1
* |ceCube 2008-2015: tracks
2. 0.8
* Samples for the Southern Hemisphere S
-]
o 0.6
90% C.L. Sensitivity and Limits for y = 2.0 =
: T z - Q
4_—I10_7 [ remsiasessees IceCube 7 years § 0.4
) = (S ANTARES 9 years = — o
QIE . | e |ceCube+ANTARES E 0.2 I IC79
G IR A loeCube+ANTARES Limits B ; — RS
> 10-8 0% 08 06 -04 02 0
O, sind
s st o U AN A
O e .o . ) . . e .
= 4 Significant improvement of limits especially for
310° :
... hard energy spectra
AN >

Declination of Galactic Centeri
2.5 . . .

i i i ' Best limits on neutrino point source emission in

Southern Hemisphere

ANTARES data set is public : see https://antares.in2p3.fr
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KM3NeT: Expectations for point-sources

Astropar. Phys. 111 (2019) 100

KM3NeT

o Science case for KM3NeT-ARCA is centered on astronomy.

o 3o median sensitivity reached in < 6 years for the strongest sources
Galactic Sources

. _KM3NeT ¢ HESS J1614-518
o E?spectrum & fully hadronic scenario assumed = 1of s, . v
O3 sf \ ® RX J1713.7-3946
2 C \ ® Galactic Centre
Z oF ~ ® MGRO J1908+06
0 Broad coverage. - e
o Best sensitivity on Northern and Southern Sky or
20 |
1o-7 EM3NeT KM3NeT/ARCA, 6 y Bl A
— o 80 60 40 20 0 20 40 60 80
T& - T:;Cf}? 7Sy Declination [°]
- —— ANTARES, 9 y
3} i KM3NeT ------- RXJ1713.7-3946
— —8 | urerrrenas / 2 '
|m 10 ?—/*" E "@C*) 18 i \ \\ —— (Galactic Centre
- . “E —— Vela X
> - ] ~— - \ \". Ve
60 I y é% 1.6 : \ \ Vela Jr
= 079 e E 1.4 F \ | —— HESS J1614-518 (1)
o = e i 1.2 A NG| e HESS J1614-518 (2)
C"\]e" E\_/_' : 1 - \ s% \\ \‘ .......... _
£ 10-10L | Ll ! 0.8 . \ N \ \
']- _O 5 0 0 5 1 T E \ .......... \\:.
sin(9) 0.6 F N  — :
0.4 E S -
0 5 10 15 20

Observation time [years|
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KM3NeT : Core Collapse Supernovae Accepted on AP €

A trigger for CCSN already implemented
Integrated in SNEWS

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

Real Time monitoring activity

v ARCA background
= 1051 KM3NeT A ORCA background
e B 40 Mg at 10 kpc
g 10% 27 Mo at 10 kpc
Te]

11 My at 10 kpc
= 103-. 3 g
V4
8 102! .Hh_-__
o ) Sl |
k= -
E 101 — ]
E I B
. 100 ¥
S ] \4
3 A vy v
ﬂ 10—1_
5 A
i
1072 A
A
A

4 5 6 7 8 9 10 11 12
Multiplicity

Sensitivity [o]

100

50 -

| __Galactic Center __ _

|
ORCA+ARCA, 40 Mo
ORCA+ARCA, 27 MO
ORCA+ARCA, 11 Mo

Milky Way edge

KM3NeT

LMC

10 20 30 40 50 60
Distance [kpc]
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ANTARES: Stacking catalog-based search

Catalog ANTARES 2007-2017 : tracks p pre-trial Ppost—trial (I)g&% <—in terms of the.total E‘Z_flux n?rma[iza:cion
at 1 GeV (in units of 108 GeV ™t cm™2s7%).
Fermi 3LAC All Blazars 0.19 0.83 4.3
Fermi 3LAC FSRQs 0.57 0.97 2.2 Most significant:
Fermi 3LAC BL Lacs 0.088 0.64 4.8 «— MG3 J225517+2409
Radio Galaxies 48x107° 0.10 4.2 < 3C403
Star-forming Galaxies 0.37 0.93 \1 6 2.0
Dust-obscured AGNs 0.73 0.98 15
IceCube High-energy Tracks  0.05 0.49 5.2
Blazar MG3 J225517+2409 Mild excess seen for radio galaxies. Space & Time association:
with ANTARES tracks & IceCube track ANTARES -> 2.3c0 & IceCube track -> 2.6
| MG3 j225517¥2403 ) i ii Fermi Iig;ht curve — S. Buson
J} Ei 5 ANTARES tracks < 1° E
L — i
| | | - | | i E :: |IC-100608A i

Right Ascension Time [MJD]
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Search for v counterparts to GRBs e /

Extremely energetic y-ray bursts - Associated v production detectable?

j i " . 107°; — ANTARES Istacking (2007—2;)17): 784 GRBs |
Stacking analysis of 784 GRBs (observed by “satellite- = ~~ ANTARES 90% CL upper limit (2007-2017)
- 5 10775
based” y-ray instruments): ANTARES tracks 2007-2017 -
D 1078
v No v in time & space coincidence with prompt S 107%
()
temporal phase of GRBs found € 1072,
— 90% CL upper limits limits on v Flux | sx10-1]  ecwen wace 0w |
1 —— IceCube H“ESE 7.5yr
v GRBs contribute <10% of astrophysical flux< 100 TeV | ** 10® 1 1(%6 N 157 Toe
v, (Ge
—— ANTARES v integrated UL [7 TeV - 20 PeV], (-350,2454)s |
—— IceCube v integrated UL [100 TeV - 20 PeV], (-150,3600)s
EEE MAGIC photon time ?ntegrated flux (68,110)s
& AT 0 T A
First 3 High energy y-ray emissions observed by “ground- wl T T
based” Imaging Atmospheric Cherenkov Telescopes:
H.E.S.S. : GRB180720A, GRB190829B ; MAGIC GRB190114C | _ [
I;EJ 1014 T _[_
v Follow-up search using ANTARES tracks & cascades 9|
during time of y-ray emission L 10
10724
v No v events found in time & space coincidence s D

Log10(E/[GeV])
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e Online alerts followed

e Results from counterpart searches
after 24hr through GCN

e Refined offline searches (fully
calibrated sample)

e Spatial + Time coincidence of GW
= All-neutrino Flavour
= All-sky time dependent analysis

— No events found — Set limits
e Latest O2 BBH: Constraints on

fluence and E, ;,, for BBH

e Run 03 analysis ongoing ...

Eur. Phys. J. C 80, 487 (2020) | Ap) 870(2019)2 |
Phys. Rev. D 96 (2017) 022005 | ApJL 848 L12 (2017) |
Phys. Rev. D 93 (2016) 122010 | ApJL 850 L35 (2017) |
JCAP 06 (2013) 008
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ANTARES alerts: GVD Baikal follow-up

31 ANTARES alerts sent to GVD Baikal, 25 followed up:
e Search within £500 s, £1 hour, £1 day within 5°

* GVD median resolution: “cascade” 4.5° | “track” 1.5°
e Search for time-space correlations in “single clusters”

e 2020: 7 clusters » 2024: 14 clusters

&> = 3
0 = ¢
| A=l

i

=3

Alert A16: RA = 186.5°, 6 = —4.2°. HE trigger.

4 ® ANTARES trigger

4 ANTARES track

M GVD cascades

o

Declination [deg]
N

TT TrT LI

-

_123.3?..Mwan.Aé r Resals

on

194 192 190 188
ANTARES preliminary

186

1 182 180
R?ght Ascension [deg]

time window

e 5 GVD clusters running during that period

¢ No obvious source candidate close by
e Follow-up ongoing with cascades (ANTARES) and tracks (GVD) in same

For 3 alerts, multiplets of GVD cascades reconstructed within £1 day

For 1 alert, additional ANTARES track found 9h after the alert at 2°

e Background events/cluster/days within 5° : ranging from 0.02—0.05
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Dark Matter Searches

Relic WIMPs gravitationally bound / elastic collisions
(Sun, Earth, Galactic Center)

o Gravitational trapping & accumulation of DM particles in the center of massive
astrophysical objects like the Galactic Center, the or the Earth nucleus.

0 Searches for a possible v, excess from these objects due to DM annihilation = very clean
signature with no significant astrophysical background expected.
o Explored Signal channels: WIMP+WIMP —>bb, W*W~, t'1", TR

o WIMP annihilations/decays can yield significant flux as secondary products, sensitive to halo
models, at medium-high energies [10 GeV-100 TeV].

o Background estimated from time-scrambled data sun:

Galactic Center/Milky Way: * PLB 759 (2016) 69

» PRD 102 (2020) 082002 ANTARES + IC JPZASPS(;Z ((lzcong 81196)

» PLB 805 (2020) 135439 e

« PLB 769 (2017) 249 :

* JCAP 10 (2015) 068 * Phys. Dark Univ. 16 (2017) 41
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Dark Matter from the Galactic Center PLE 805 (2020) 135429 (g

ANTARES + IC : PRD 102 (2020) 082002

v, tracks only

o Data: 2007 — 2017 (3170 livedays)

o Galactic Center: Good visibility by ANTARES (~66%)

o Five annihilation channels. Three halo profiles tested (NFW...). my e[ 50 GeV — 100 TeV ]

o Limits on the thermally averaged annihilation cross section <c-v> inferred in the absence of signal excess

ANTARES 11 years NFW ==== KM3NeT ARCA 230 lines 1 year NFW model: ApJ 462 (1996) 563)

HESS 10 years GC survey Einasto - VERITAS Dwarf Spheroidals NFW

IceCube 1C86 WIMP GC NFW

Fermi+MAGIC Dwarf Spheroidals NFW

10_21;“"

1 i T

10—27:.1..i,.\Jll..lx.\J.l..\i.xj !
1.5 2.0 2.5 8.0 3.5 4.0 4.5 5.0

Log MWIMP [GeV/ 02 ]
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KM3NeT : Current Detector Status

ORCA : 6 DUs deployed & taking data
ARCA : 6 DUs deployed & taking data

Number of events per year for a cosmic diffuse flux
¢, = 1078 B2 GeValcimp Ey i

, Effective area [m?] for VSC +vi® upward going tracks Event rate [yr?] for vﬁc +vC¢ upward going tracks
| OME =
E - 5 — _' T 11 I LI B B l LI L I L I | B . 77 ' | JEEL DO 077§
% C KM3N9T-A RCA Prellmlnary ARCA6 %035 - KM3NeT-ARCA Preliminary 4
) 2 C
=y £ o ARCAG6 -> 6.8ev/year
B F g F ANTARES 6.0 ev/year
o 10 > N -
() = it L -
E C S 0.25 = o
' o : :
- NS 0.2f 3
107" . J
1072 ;? —CC cC 0.15:_ —:
g ARCA6V, +v ~[reco, up] - .
B _cc E ]
108 - ANTARES V.~ + v [reco, up] 0.1 g
= -=CC ce - A
- / RCA6 + reco, u - .
10_4 ¥ O C Vu V“ [ ' p] 005:—_ _-:
_‘5 B | 1 1 1 I | 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 l : 1.1 l 1L b1 l [ e I S ) S o l Ll 1 1 l L1 :
U 3 4 5 % 3 4 5

7 8 7
log10(E [GeV]) log10(E [GeV])
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KM3NeT First results: Atmospheric p Flux

Eur. Phys. J. C 80:99 (2020)

KM3NeT

Measurement of the atmospheric muon flux as a function of the depth

KM3NeT Multiplicity plot for PMTs in DOM ?(tmos/pﬁemc u f[ux a(e]atﬁ dependent: Mult. 28
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L™ - : : = n
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A : . R
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KM3NeT First results: ARCA 6 lines

About 1 month after deployment: More results on ORCAG in talk by:
v First results from time/position calibration setup V. VAN-ELEWYCK

v First results from “run-by-run” Monte Carlo

Zenith angular resolution 0.6° (FWHM)
KM3NeT - Preliminary KM3NeT - Preliminary
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KM3NeT : Next Sea Campaigns

B ——
June 2021 &
4 DUs at ORCA site
September - October 2021 &
5 DUs at ARCA site
3 DUs + CU (Calibration Unit) at ORCA site
SElne 2022
12 DUs + 1JB +1 CB (Calibration Base) + 1 IU (Instrumentation Unit) at ARCA site
/ DUs at ORCA site

April 2021 June 2021 Sept/Oct 2021 Spring 2022
6 ARCA 6 ARCA 11 ARCA 23 ARCA
6 ORCA 10 ORCA I OREA 20 ORCA
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SUMMARY & Outlook

ANTARES

Good/stable data taking since 2008 — a multi-disciplinary observatory
Broad Science Program : competitive results thanks to excellent performance
A lively and vibrant multi-messenger program search

NS N N

Joint studies with several partners

KM3NET

v First results from 6 ARCA + 6 ORCA DUs
v' Good Data/MC agreement
» good understanding of detector

v Expect to Double number of DUs

by the end of 2021
v Spanning 8 decades in energy:
oscillations (ORCA) & astronomy (ARCA)
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