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The evolution of astronomy

* From Traditional Astronomy (Optics) to Multi-Wavelength
Astronomy: ST — o U 7

observations of light in e e
.. s PR AN AT ST S Stae DR R

the visible band are —_— —~

complemented by radio,

radio_continuum (2.5 GHz)
LSRN e o

molecular hydrogepn;

X-ray and Y astronomy Y Eoat - Bt o v O oy < ot ta

mid-infrared

near infrared
)

optical

0

e SR N ) L sl o) Laid
12 L. ~

http://mwmw.gsfc.nasa.gov/

Galileo Galilei showing the Doge of Venice ... and to Multi-Messengers Astronomy:
how to use the telescope (1858), fresco by .
Giuseppe Bertini (1825-1898) HE-CR, photons, neutrinos, GW ...
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One century of cosmic rays measurements ...

dat

Flux [particles/(m? s sr GeV)]

104 @ . .
i e Observed elementary particles or nuclei
102 [ . . . .
. carrying a kinetic energy up to 10%'eV (like a
101 F .‘ tennis ball moving at ~150km/h)
3 o e Many open questions:
0 E — Where they come from ?
107 [ — Which acceleration mechanism ?
101 — protons E>10%9 eV (10 Mpc)
:: llkneell
107 : 1 particle/(m? year)
o7 [ ' @2 " 2rotons EXTU** eV -
- Our present . Gamma rays (0.01- 1 Mpo) .
10+ [ knowledge about '
i Cosmic Rays
1022 |
3 A e UHE astrdphysical neutrinos will extend the
105 +particie/{iam year) , {t limits of the "visible" Universe.
. - "L | e Detection of v from point-like sources will

1z 13

1 10" 10" 10" 10™ 10™ 10" 10™ 10" 10" 0™ 1w0* ¥ clarify their “nature”: hadronic/leptonic ??
Energy [eV] e Multi-messenger observations
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Neutrino Telescopes scientific objectives ...

MeV to PeV energies

Supernova atmospheric v Dark matter v from extra-

Solar flares v oscillations Monopoles, terrestrial sources
v mass ordering Nuclearites,... Cosmic rays
sterile v

Origin and production
mechanism of HE CR

+ oceanography, biology, bioacoustics, seismology,...
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Detectlng neutrinos in H,O

Cosmologlcal neutrmos

Geophysical neutrinos

Cosmological
Solar (pp) !
: Solar "B 1
SN (background) f
SN (8.5 Kpc) !
: Radioactivity

Reactors (10 GW, 150 ﬁm)
Atmospheric (u) l’
: Atmospheric (e) 1
Astrophysical ,I

10~5

d¢,/dlog[E,] (cm?® s)™

10' 10

|b—®m = =~0ano0cgos

Solar neutrinos

1 Supernovae neutrinos

Atmospheric neutrinos

Cosmic, astrophysical
neutrinos

The three arrows indicate
the energy thresholds for

8 September, 2021

CC production of the

charged lepton

Y q‘.
KM3NeT-ORCA,  |ANARE 400
gMton | witon m

______

Antonio Capone - PANIC 2021

Proposed by

Markov, Greisen,

Reines in 1960

—
N —

200m

ICECUBE

GVD
KM3NET-ARCA
1 Gton

- =~




Light propagation in water

In a transparent medium the light
propagation is limited by absorption
(the photon disappears)
Ix)=1,e*
L,=1/a

by diffusion (the photon chan
direction),

PMT quantum
efficiency

-

b

7500 d A7o'o' 900
Wavelength (nm)

Ix)=1,e%> w7
L, =1/b :
by attenuation
c=atb
I(x)=1, e
L.=1/c

[2:]
o

-+ Smlthiand Baker

o

Capo Passero:

Absorptlon length (m)
~
o
%
\T

60 0 Ustlcd
e
i 4 Allcudl
50
S
40 ¢
wl Sea water
20
10

T

200 300

8 September, 2021

400 500

wavelength [nm]

600 700 800

Smith and Baker1969

£ . . .
400 450 500 550 600 650 700 750

wavelength (nm)

Antonio Capone - PANIC 2021



Schematics of a Cherenkov Neutrino Telescope

Search for neutrino induced
events, mainly v, N =uX , deep

- Atmospheric neutrino flux ~ E, 3
- Neutrino flux from cosmic sources ~ E, 2

underwater = Search for neutrinos with E,>1:10 TeV
Down-going p from atm. showers
SNI= 10 @i ES00m W2, Clepin - ~TeV muons propagate in water for several km
before being stopped
p, nuclei * go deep to reduce down-going atmospheric y backg.

* long p tracks allow good angular reconstruction
0.7°

\E, [TeV]

ForE,6 =z1TeV 6, ~

M direction reconstructed from the
arrival time of Cherenkov photons on
the Opftical Modules: needed good
measurement of PMT hits, o(t)~1ns, and

Cherenkov
Neutrino

11 Telescope

——a—

e

Neutrinos from cosmic sources
induce 1-100 muon evts/y

*——a——
> —o——8—

—a—

i 01 i NEW D Eesesrs good knowledge of PMT positions (o l
. ~10cm) |

p, nuclei o L.I 14
9 P — 5 l ; l
B s e I
Up-going p from neutrinos &% 2  Pap | - ML
generated in atm. showers S 1L ap I Lt
S/N~10* :"-f & g ' 41
. pus E “2B i1 13
3 i e I |'
g | <0.1° S
10" f Sl : 1t 14
£ E B Qunnnn:r’:“lﬁ“n T act | ”. |L |.l

i H.T water/ice

gl e 0 T e o T e o PR e ey 7 g E -

107 3 4 5 6 7 8 rock
log, E, (GeV) Picture from ANTARES
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Atmospheric muons (down-going): main background

10
‘ A DUMAND
¥ BAIKAL NT-36
107 O AMANDA-I
NESTOR
W ANTARES
10°F
g Measurements of the
- i underwater/ice muon
9
s 107F flux vs. depth
» E
oy -
S 107
2 E Events with a muon measured in a
w L
& 10"k detector “protected” by > 15km of
= “water equivalent” are, probably,
h / events where atmospheric neutrinos
12| . . .
1077E interact via CC giving a muon
- @ NEMO Phase-1
-~ B NEMO Phase-2
16" e — Bugaev etal. (E>20 GeV)
- [] Bugaev et al. (E>20 GeV) + nu atm.
10-14lllllllllllllllllllll|lllllll|l

- 4 6 8 10 12 14 16
Depth (km w.e.)
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—»dz=w. The ANTARES experiment

f.,\ _Albania
san | ANTARES [jumemay O

Sea 1 - fonian

7 String-Based detector;

il Underwater connections by deep-sea submersible;
- Downwgrd-looking PMTs, axis at 45° to vertical;

2475 ﬁvdeep.

-
. Mediterranean Sea

.
@

25 storeys,"é’
348 m

2
P

1
Junction Box

+ 12 detection lines
« 25 storeys / line
Completed 2008 y SSF;MPTISI _{_ storey
Decommissioning 2022 : E

© Frangois Montanet
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115 strings Building Block
18 DOMs / string

@ KM3NeT

Multi-site, deep-sea infrastructure
Part of ESFRI roadmap

Single collaboration, Single technology
ARCA / ORCA =2 / 1 Building Blocks

 ORCA |
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KM3NeT Seafloor infrastructure

Lat= 42.8048215200°"Lon= 6.
23/11/2020 13:02:58 Incrust
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The p-vy-v connection

Halzen and Kheirandish, 2019 doi: 10.3389/fspas.2019.00032

T T LR | T T T T y T T y T y g e — T T y T T LB B R

isotropic 7y-ray high-energy = ultra-high energy
background neutrinos ™ cosmic rays
proton (E~2) S

(Fermi) (IceCube)

HESE calorimetric
(7yr) limit @

-~~
-
-~ - - - o = = - -
-~
“~

Q| =/ ==
production

(Auger)

+' cosmogenic™.)
V4V

y-rays from
79 decay

-
.
P | e—————

P | P

10 / 100 10° 10%

108 10° 1019 10U
energy E [GeV]

ultra-high-energy cosmic rays

isotropic diffuse gamma ray spectrum
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spectral v flux from the 7-years HESE analysis

spectral flux (¢) of v, from the 8-years upgoing track analysis
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Search for "Point like" cosmic Neutrino Sources

Galactic

Microquasars

* Their identification requires a detector
with accurate angular reconstruction

o(¥)=<05°forE  =1TeV

Exfragalactic

Core of Galaxy NGC4261

Hubble Space Telescope
Wide Field/Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

For transient SoWecs the tinve measurement
» improves._the-Signal deteetion -

The HST GRB Collabordtion

Experimental signal: statistical evidence of an excess of events coming

from the same direction

8 September, 2021 Antonio Capone -

PANIC 2021
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Search for v from "Diffuse Cosmic Neutrino Sources"

®* Unresolved AGN

Neutrinos from "Z-bursts"

Neutrinos from "GZK like" p-CMB interactions

Neutrinos foreseen by Top-Down models

Their identification out of the more intense background of atmospheric neutrinos (and
muons) is possible at high energies (E > TeV) and implies accurate energy reconstruction.

=—10%

= L
100 |
_E r Cosmological v
510
Solarv
Supernova burst (1987A)

/ Reactor anti-v

Background from old supernova

:V' 10\2 -
5106 F

5
E‘|04 -

Search here Il

10 Terrestrial anti-v

Atmospheric v

v from AGN

GZKv

10° 107 1 10* 10° 10° 10 10'®
neV  meV eV keV MeV GeV JeV PeV EeV
utrino energy

* 2013, first evidence for a diffuse flux of cosmic neutrinos: 28 contained VHE
astrophysical v events reported by IceCube
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Event types & angular resolution
ANTARES KM3NeT

10 10 KM3NeT
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ANTARES on-line event display

Down-going Up-going track: a
multi-p event neutrino candidate

Example of a reconstructed down-going Example of a reconstructed up-going muon
muon, detected in all 12 detector lines: (i.e. a neutrino candidate) detected in 6/12
detector lines:

Time [ns]: -140.40

Time [ns]: -460.00

FRETRIALIRARYP IR R R R T R XX X X XD
PYPRTTLIRERS R R YRR X X 3 X R R X P MW
f',"!!,l!f"""",',".
LR AR R R R R R R R I ] PR P RERPP
MRS R R R R R T

™
)
»
-
~
-
LY
L]
~
=
)
"
”
~
»
L
»
»
~
"
»
L}
"
"
®

PREITLRILIPLSSL YRR

PHEPRPERPEEIRRERYRERERDY ® ¥
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d KM3NeT ARCA & ORCA in operation with 6 DUs

Downgoing muons from cosmic ray showers Upgoing muons from atmospheric neutrinos

[ J

74 . . i
Sins 1: https://www.cppm.in2p3.fr/~coyle/EventFiles/New.Sel3.Run9332.2021.20.04.23.42.44.200.js 1: Dropbox:Sel9.Run7271.30.01.16.38.57 js

Tue, 20 Apr 2021 23:42:44 ARCA-6 DUS ORCA-6 DUS

)

@ @) & @

@ @ @

)
@ @ @ & @

@ @ @ @ @ @ @

%)

DA D @D D @ @D @D @ &

&
® 5
K3 %
® &

DAY D D @D @ @D
A WD) D) @ @) D @ @ @ @ @ @

RS D @D D @D @ @D @

S N N )

.

)

o 6 DUs operating since April 2021 6 DUs operating for over 1 year
e 1t DU: 5 years in the sea : o

<& @ 6] e ol
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KM3NeT and ANTARES effective areas «

AR
£ = 10" KM3NeT / ANTARES Prelimina
= KM3NeT - Preliminary £ g y
® 107 = s
: = ok ARCA (1 block) G R S
§ 10k g E
L
() E . -
> - g
107" 3] -
é 10 ANTARES
1072 ° ;
ARCAB v, + \CC [reco] 1’ ) N R
10 — ANTARESV V.~ + vS° [reco] | v CC
L ORCA6 v, e v © [reco] L7 2 ccl
10 E 10! = z | - ye ‘
10—5 rr g bl o g g gl e g g gl | I T YO T C - — - """" - ""'“i ] —
. . . . 1091&5\,[@\4? 1 10 102 10° 10 10° 10°

| neutrino energy [GeV]

ARCABG+ORCAG already better than ANTARES  Completion of ORCA115 array in 2025
and ARCA230 in 2027

Doubling of detector in Sept 2021
(ARCA11 + ORCA13)
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ANTARES & KM3NeT: PMTs efficiencies from #°K decays

Simulation: 12 Hz + 4 Hz (sys)

1700

2 |
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13.0£0.5 Hz | S |2 | N [1370:05 Ha
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o o
S w o ne
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1500
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1300
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)
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o
| 5 -
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12000

» J
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- H
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Muon depth dependence from ARCA & ORCA

2 DUs of ARCA (23/12/2016-2/3/2017) &
1 DU of ORCA (9/11/2017-13/12/2017)

1l

KM3NeT
— 0.09¢ ; ,
N"Ee |
L oosb % QRCA KA DL
0 008* v B secaoue
© 007:_00<M ............................... 9 ORCADU1
o oo
B A ARCA DU1 corrected
0.06? ............. (»% ............................... " o Dy
0.05 E_ .................... SO - *_ ORCA DU1 corrected
004}_ ...................................................................................... .................... ARCA
'¥Z
003:_ ....................................................................... K.’., ..... .................................................
UMy
002;_ ............................... |\/|u]t|p|ic|tie5>8 xi,x ..............
0.01F i | l | | |
2200 2400 2600 2800 3000 3200 3400
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Depth [m]

Muon flux as function of depth compared to Bugaev
model (Bugaev et al, Phys. Rev. D 58 1998 054001)

—

Integrated muon flux [10° m2 s7]

—
c.’

KM3NeT
T T T T T T T T T T T T T T T T T | T T T I T T
I o KM3NeT
! - ANTARES
——- Model

2200

2400

2600

2800

3000 3200

3400

Depth [m w.e.]

https://arxiv.org/pdf/1906.02704.pdf

PMT detection efficiency verified

Antonio Capone - PANIC 2021
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ANTARES recent results on the search for diffuse v flux

T IIIIIII

(27 tracks + 23 showers)
Overall - bkg MC: 36.1 % 8.7 (stat.+syst.)
(19.9 tracks and 16.2 showers)

ANTARES
Preliminar

P 10°E
e g — Data ANTARES 2007-2018 (3330 days) | PoS (ICRC2019) 891
(: B — Atmospheric MC
g ¢ — Cosmic signal Overall - data: 50 events
&

10

T @ IIIII|

Tracks

1.80 excess
0-cosmic excluded c.l. >90%

L1 . |
3.5 4 4.5 5 5.5 6 6.5

|
25 3 : :
Energy Estimator Ean [2.0] Sl s e
© 10%E Dat O ANTARES (this work)
= F = Data = 2
8 F . M ANTARES 0
: - = Atmospheric MC &
S - o % Preliminary
S = Cosmic signal g -
e 10F 5
g ANTARES 3 .
- Preliminary 3 '3
= % 161
Showers S
10—1 - R T TR TR N NN SR RN SR T SN ST S S YN S S SR S T NN ST S T :90 10_2
25 3 3.5 4 45 5 5.5
Reconstructed Energy ~ log, (E  /GeV)
Combined — Atmospheric: @44, = 1.25: (Honda + Enberg)
ombine
Tol — —18 -1 -2 -1
traCkS & ShOWGFS — COSFT]IC CI)lOO TeV — (15 i 10) - 10 GeV~cm S

likelihood fitting: =23+04

8 September, 2021 Antonio Capone - PANIC 2021 21



KM3NeT and diffuse cosmic v flux measurement

Significance [0] i

KM3NeT
B S— ] . — 25—
L : : .
I D [ ARCA sensitivity (9.5 years)
Bt ... L ... Al b - » Best fit 9
- ) 2F e 68CL (no sys.} .
C g [ —— 95CL (no sys. ’
4:_ .......................................................................................................................................... i F'> : % :
L ; Q - aiicTy _
L tracks _ (0} 1.5 i 1
i § 5 : cascades ] - L
3—_ { ................... ..................... Sl ,_ .°
: : : : V m CONVentional uncertalntyf‘ = ]

prompt uncertalnty

—
LI L

ceCube (9.5 years)
o Bestfit

flux per flavour 1.2 10° (E/1 GeV)? exp( E/3 PeV) GeV' sr1s cm2 i ____ 95CL

#at100TeV

0
S
a

T

T I W T e e
Observation time [years] - - -

50 in ~ 0.5 year for the full detector (230 DUs)
50 ~ 1 year for one block detector (115 DUs)
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ANTARES results: “full sky search” of v sources

The visible sky of ANTARES divided on a 1°x1° (r.a x decl.) boxes.
Maximum Likelihood analysis searching for clusters
ANTARES: G. llluminati @ ICRC 2021 equatorial coordinates A

L e e ol
e SR

N F“:\\‘\ e
/7 NG
b =-30° "

~ .
N S

LR

-Iogw(p-vglue)

2nd most significant cluster: most significant cluster:
RA=343.8° 6=+23.5°, pretrial: 3.8 0 6 =11.19 r.a. = 39.6°, pre-trial 4.3c
Close to blazar MG3 J225517+2409 Within 1 degree of J0242+1101
zs N & ANTARES 13 years plREY® i E
25 o (3845 days livetime): 1 N
%24 [ jj:% mé - 10162 traCk %12 :% ZS‘E
g 5 - 225 showers N o3 e
RN ANTARES: J. Aublin @ ICRC 2021 Co
348 346 RAJ%A&JO [0?42 340 44 45 4(; - 38‘ 36

RA J2000[°]
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ANTARES results: searching for v events from candidate sources

ANTARES 13 years Sensitivity E*

—
o

1,
[

e v ANTARES 13yearsLimits 2 [~ ANTARES: G. llluminati @ ICRC 2021

5 :  HESSJ0632+05
Galactic Centre S

M

—
<
(o)

- ... and KM3NeT sensitivity

E2 dd/dE, [GeV cm™? 57

—9 III|III|III|III|III|III|III|III|III|III T T T T T T L T ] T
1077 08 —06 04 02 0 02 04 06 08 1 ANTARES 9yr
. L IceCube 7yr
sind 10 KM3NeT/ARCA (2BB) 6yr
7.0yr KM3NeT/ARCA (2BB)
.......................... 6.0yr KM3NeT/ARCA (2BB)
------- --- 3.0yr KM3NeT/ARCA (2BB)

v

o E?for 90% CL [GeV cm? s
%
I

1 -0.8-06-04-02 0 02 04 06 0.8
sin(d)
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DECL J2000 [ "]

DECL J2000(["]

ANTARES results: searching for v events from candidate sources

15t: J0242+1101
167 7 Foo L T .
e 4
14 2
)
w§
12 5
@
10 “’?g;
.2
8 L 3.0
) 4"z°v % %
RA J2000 "]
2"d: TXS 0506+056
] = : hr
= 330
345
"
3
e
,‘g
-ms:
00
s

82 80 78 76 74
RA J2000 ("]
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Nps (Shower-like events)

Niies (shower-like events)

ANTARES: G. llluminati @ ICRC 2021

Pre-trial: 3.80 (1-sided), 4.00 (2-sided)
Post-trial: 2.40 (1-sided), 2.60 (2-sided)

4 events within 1°
Pre-trial: 2.90 (1-sided), 3.10 (2-sided)
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Neutrino Telescopes in a Multi-Messenger Search Programme

Neutrinos

Ry |
b
4 y/
Wt 1
i -/
| /1
f /
i e -

IceCube — BAIKAL/GVD

VIRGO - LIGO
common working group (GWHEN)

S. Adrian-Martinez et al.,
JCAP 06 (2013) 008

The case for ANTARES/KM3NeT

Flaring Sources
(v emission from y-flaring
blazars/pQuasars)

GeV-TeV g Rays
Fermi, HESS, HAWC

blazars: APP 36 (2012) 304;
nQuasars: JHEAp, 3-4 (2014) 9-7

Adrian-Martinez et al.,
A % AplJ 774 (2013) 008

8 September, 2021

TAToO

(Telescopes — ANTARE
Target of Opportunity)

Optical follow-up of
neutrino alerts for

.
=

' ‘f'_ ’
iR ‘ i"‘.
| ‘ ‘ g /
4 T — 1[ — A
O ¥a

¥ , ?

(GRBs, SNae).
Analysis in progress!

Radio, Optical, X-ray Telescopes
TAROT, ROSTE, VLBI, MWA,
MASTER, Swift,Integral, ..

Ageron et al., Astrop.Phys 35 (2012) 530-536

transient source search

GCN (Gamma-ray
Coordination Network)

GCN

A&A 559, A9 (2013),
JCAP 1303 (2013) 006
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Multi-Messenger analysis: searching for v stacking sources

CATALOG PRE-TRIAL POST-TRIAL DOMINANT SOURCE

Fermi 3LAC All Blazars
Fermi 3LAC FSRQ
Fermi 3LAC BL Lacs 2 : MG3J225517+2409

Radio-galaxies : . : 3C403
Star Forming Galaxies
Obscured AGN
IC HE tracks

Dominant source within Fermi 3LAC BLLacs: AUUARESE L bl @ IERE 2021

Blazar MG3 J225517+2409 :
RA =343.81°, § = +24.17°: + f Fermi light curve (S. Buson)
almost coincident with all-sky hotspot! ]
Pre-trial p-value: 1.4 x 10 (3.80)

Source flare (~ 4 months) in Fermi 3FGL y-ray light curve

One IC high-energy through-going track (ID#3)
during the flare (July 2010)

Time-dependent combined likelihood analysis (ANTARES+IC):
Continuous emission: p =2 107 (5.20 pre trial)

Transient emission: p =15 10% (3.50 pre trial)
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ANTARES Multi-messenger program

search for v, by stacking long GRB sources (1)

GRB searches with ANTARES

* Long bursts in 2007-2017 from Fermi (GBM + LAT),
Swift (BAT + XRT + UVOT) catalogs and Konus-Wind
GCN (https://gen.gsfc.nasa.gov/gend archive.html);

* Spectrum is measured;

* T90 (~ duration) is measured;

* Position is measured and satellite angular uncertainty
is less than 10 degrees;

ANTARES: A. Zegarelli @ ICRC 2021

R R R R RIS

10 years of
ANTARES data

_2]

* One among fluence and redshift is measured;
* Below ANTARES horizon at trigger time;

* ANTARES in Physics run;

* GRBs fully contained is a single ANTARES run.

‘ 784 GRBs \ 90
QP ANTARES Collaboration. MNRAS 500, 5614-5628 (2021

8 September, 2021 Antonio Capone -

PANIC 2021
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ANTARES Multi-messenger program

search for v, by stacking long GRB sources (2)

Results: constrain to HE diffuse neutrino flux

ANTARES: A. Zegarelli @ ICRC 2021

_ 107°4 —— ANTARES stacking (2007-2017): 784 GRBs [

* For a sample size of 784 GRBs the level of — — = ANTARES 90% CL upper limit (2007-2017)
systematic error around the 90% C.L. upper | 10-7 1
limits is of the order of 730 % g 5

— ]
| .
7) -8 L

* GRBs are not the main contributors to the IE ]
observed flux below ~ 1PeV, within the O 10_9_: i
NeuCosmA model framework with benchmark > f
baryonic Ioading,];7 =10 8 10_103 —

©- ]

* In the energy region where ANTARES is ~10711
most sensitive (below 100 TeV), GRBs do : — leceCubew), tracks 10yr |t
not contribute by more than 10% 10-12 — lceCube HESE 7.5 yr

104 105 106 107 108

E,, (GeV)
QP ANTARES Collaboration, MNRAS 500, 5614-5628 (2021)
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A joint ANTARES/IceCube/LigoSC/Virgo/Auger analysis

performed as “Neutrino follow-up” of GW170817

GW170817 Neutrino limits (fluence per flavor: v, +7)

* No neutrinos directionally coincident with the source were ol S0 e mewindon]
detected within £500 s around the merger time. . ANTARES =
* Additionally, no MeV neutrino burst signal was detected (in (Tg 0} tecare L Auger ]
IceCube) coincident with the merger. 3 ol - J
c 2 q . v : o N Kimura et al.
* In Pierre Auger Observatory no inclined showers passing the U] S EE moderate -

Earth-skimming selection (neutrino candidates) were found in 0o
the time window 500 s around the trigger time of GW170817.

EE optimistig

o \
}‘7/\ 0" prompt
1 T 1 1 'l 1

* No neutrino found in an extended search in the direction within

the 14-day period following the merger. 10% WM

o
g 10k
« GRB170817A’s observed prompt gamma-ray emission, as well as = - ﬂ,—’i .
. . . . L ang &
Fermi-GBM'’s luminosity constraints for extended gamma-ray ;3 Metzger
. . . Y. . — SU aays
emission, are significantly below typical values for observed W 107 & |
short GRBs. One possible explanation for this is the off-axis 02— | Ml
0 ay me-window = :
observation of the GRB. oot AN
102 10° 10* 10° 10° 107 10% 10° 10! 10!

E/GeV

- The non observation of neutrinos allow to put limits both extended emission (EE) and
prompt emission (scaled to a distance of 40 Mpc): limits are shown for the case of on-axis
viewing angle (0) and selected off-axis angles to indicate the dependence on this parameter.
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... hot only searching for cosmic neutrinos ...

... also open problems in particle physics ...

— Dark Matter searches:

» Neutralino annihilation in Sun, Earth, Galactic Center
— Magnetic Monopoles %
— Particle acceleration mechanisms

— Search for Sterile Neutrinos

Neutralino search: yy — v+...

8 September, 2021 Antonio Capone - PANIC 2021
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Indirect search for Dark Matter searching for v from...

V“T S Sun C. POire @ ICRC 2021 GalaCtIC Centre R. GOZZini @ ICRCZZO]-

particles @

Dark matter

particies @

The Sun

Neutrines preduced from

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

products may be detectod.,

HESS 10 years GC survey Einasto

VERITAS Dwarf Spheroidals NFW

[ORCA 115 (5 years), ANTARES (2007-2012), IceCube {2011-2014), SK {1996-2012), PICO {2016-2017)

- - S 7 Fermi+MAGIC Dwarf Spheroidals NFW === |ceCube IC86 WIMP GC NFW
10-1L KM3NeT Preliminary
| [Pco ¥ 1102 et
el ﬁ  WIMPWIMP - 77~
1072+ :
L
Q
&
310—3_
1074
ANTARES-KM3NeT PRELIMINARY
10-27 P U U U T N T S TR U (U T S T N T S S U [ SN N SR SN
L [ | B T R T 156 20 25 30 35 40 45 50
Mwime [GeV] Log Mwime [ GeV / 2 ]

Phys.Lett. B759 2016 Phys. Lett. B 805 135439 (2020)
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Conclusions

<

ANTARES, in operation since 2008, is validly contributing to the

search for cosmic neutrinos:
* intriguing hints of cosmic neutrinos from known sources

KM3NeT Neutrino telescopes (ARCA & ORCA), in construction and

operation) will allow:
e neutrino physics and neutrino astronomy from the MeV scale to the PeV scale

Exciting role for Neutrino Telescopes in multi-messenger astronomy
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