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Mediterranean Neutrino Telescopes

J Physics motivation and
Detection principle

< High energy v astronomy and
neutrino properties

¢ Detection: large volume of

transparent medium surveyed
by photodetectors o CY cov] [ov] [rev] [Eov]

Dark matter

Astrophysical neutrinos

D LOCatIOn Ofther physics: monopoles, nuclearites, Loreniz invariance, efc...
*» Northern terrestrial hemisphere:
<+ Complementary to IceCube Min 501
LRI13.7:39 C:r‘al:?_..k1
< Golden channel for southern sky U o i
i . . . ” ! GX339-4 Velas
sources. “Milky-Way optimized " Galactic
Centre
d Medium:
< Deep Sea water oy

< Very small light scattering (good
angular resolution)

% Natural backgrounds (#°K and

biolum) can be handled.
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Antares and KM3NeT Collaborations

v’

i &

Amsterda [
® KM3NeT s .-

E
» glmon,
N Groningen x
Leiden .
o’ \

[ )
@ Sheffield Tmtelh N
Dublin Utrecht

Bamberg
Erlangen
@ Tuebingen

Wuerzberg

Connection nodes of

+ Since April 2017:
CIRA Perth Australia Paris

as observer e
Strasbourg \

Mulhouse

Gen oB a|
olognd
Marseille @ @

} q @
Barcelona ‘ @ Pisa 3 5}” o
Valencia

Granada @ ANTARES & hannesbu r+
4 ORCA ’ hessaloniki

» Athens

Deployment sites Patras

‘ Nicosia
Marrakech * >

Rabat Oujda @




12 lines (885 PMTs)

ANTARES

25 storeys / line
3 PMTs / storey

-
¥

¥

5-line setup in 2007

Completed in 2008

il

40 km to
shore

350m -.ln:--:l;én:iil__lin

bt

Beacon

100 m

Junction Box

Frangois Monkanet

Mediterranean Sea Shore station

Optical T h 53 " (near Toulon) NIM A484 (2002) 369, AP 19 (2003) 253
Hydrophone . | AP 23 (2005) 131, NIM A555 (2005) 132
ydrop Modules -. _ : at 2500 m depth AP 26 (2006) 314, NIM A570 (2007) 107
10” PMT \ » M & NIM A578 (2007) 498,NIM A581 (2007) 695
- AP 31 (2009) 277, NIM A622 (2010) 59-73
AP 34 (2011) 539, NIM A656 (2011) 11




ARCA ORCA
Astroparticle Research Oscillation Research with
. ; : g
oo ARCA (Astronomy) with Cosmics In the Abyss Cosmics |r_1 ttle Aby§s

 Building Block:

115 strings
18 DOMSs / string KM3 Ne T

31 PMTs/DOM
Total: 64k*3" PMTs

Toulon, Var, France

s ORCA (NMH+ v properties)

« Same technology, denser layout

I N T

String spacing 20 m 90 m
OM spacing 9m 36m
Depth 2470 m 3500 m
Instrumented mass 5.7 Mton 0.6*2 Gton

s Stages:

- Phase 1: 24 ARCA + 7 ORCA strings ARCA
(already funded, being deployed) . 1km L J lkm .
————— 2 — - ORCA
- KM3NeT 2.0: 2 ARCA +1 ORCA blocks w we
(~50% funded) SO B SRR 2om
- Phase 3: 6 ARCA + 1 ORCA blocks LT e




KM3NeT String Deployment

(Detector Unit) Vehicle
Technology - b = DI
A
Digital Optical Module
“
T
« DOM: 31 3” PMTs 2
1
* Digital photon counting 9
* Directional information é §
o -
* Wide acceptance angle Q o
N 2
* Cost reduction i
uet ; * Rapid deployment T
<
* Multiple strings in 5;
one sea campaign ,‘S
* All data to shore E
* Gbit/s on optical fibre Q
NN
* Hybrid White Rabbit ! S
[y
* LED flasher &
hydrophone
* Tiltmeter/compass * High modulus * Unfurling by
polyethylene ropes autonomous ROV
* Oil filled PVC tube « Reuseable
* Low drag
* Low cost




First detection units

. . 108 g | B T T m

d DOM in ANTARES site 10° = atmospheric muons S
10* L g

‘:’ 2’500 m . 12: T (rja;r;:om coincidences ﬁ

“ April 2013 z " o

< Muons from a single DOM e 2

10 E

3 Mini-string in ARCA site e §
g Multiplicity o

ARCA-DU1

.:. 3’500 m : KP;ISNeT.'ARCApreIiminary

¥4
s 3 DOMs r TS T . m
» g ow ot e =
Qe May 2014 g 22_ S = I o
. § ; i ; Yy 5
¢ Muon reconstruction,angular - D <P N e T C
dlstrlbutlon ﬁ 5E- I MC(unigorm PMTIefﬁciencie‘s) I | '®)
I S N Y- R R S
O Two full strings in ARCA site e T I 3
% 25; -.LL'*"!-\-,., Ul
% Dec 2015 and May 2016 § i i
< Muon reconstruction R -
’:’ Muons VS dep th 2700 2800 2900 SUngepth [:]]100 3200 3300 3400




Performance — Track events

CC KM3NeT event Direction (KM3NeT)
Vlvl o KMaNeT . % b
v+ N = had + p ‘i o %
I g2 4
M had . :;E ; il % 1 ;
" 5 v L0 gg
- N E:‘: L8000 <
i ‘a: I 20005
« Golden channel 2 =) 10
» High angular accuracy \ .
e Enhanced volume L T T L T R TR e el
e
(100’s m to a few Km muon . .
range) Direction (ANTARES) Energy (KM3NeT)
—H : € 30001 10 TeV <=E, <= 100 PeV e a6
= ] - Mean  -0.01
o 5 2500( Sigma  0.27
= g ¢
S 2000}
3 1500
>
(@] [
= 1000
5001
<L0.4° O —F 1 05 0 05 1 15 2
2 | | | 2910 For/=)
10— 1 L L LU 1 1 LLLL LLLLL 1 LLLLLLL 1 L1

W W 0.3 Log E (E>10 TeV)




NC v,
CC v,

i KManeT

» Good energy
reconstruction

» Fair angular resolution
(low light scattering in

16
14}~
12

10¢
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Performance — Shower events

KM3NeT event

Direction (KM3NeT)

<2°
10° 10° 107
Energy (KM3NeT)
5c

7E 5%

-55\\II| \\\I\I‘ 1 III\Hl
10° 108 107




d Sample:
+» Data collected 2007-2015
s 2450 days
+»» Tracks and showers

e Tracks: CC: v,
* Showers: NC: v

] Selection:

s+ Event selection

* 0> 90° + reconstruction quality parameters
(tracks)

*» Energy-based selection by MRF

e Tracks: Artificial neural networks

1 Methods:
+» Blinded optimization
* Energy-related cut
e Two spectral indexes =2.0 and 2.5
s Assumptions
* Isotropic flux
« Equipartition among 3 flavours
» Single power law spectrum

a T CCiv,, v,

Tracks

ANTARES - Diffuse Flux Search

= Data

-

o
)

m

ke
o
LLLLL LA

=y
TT

Events per bin (2007 - 2015)

_k
S

2

_"| = — Cosmic MC (I'=2.5)

&= Atmospneric MC

—— Cosmic MC (I'=2)

= Data

=y
TR T 11T

Events per bin (2007 - 2015)

_.
<

== Atmospheric MC
—— CosmicMC (r=2)
— — CosmicMC (I'=2.5)

102

5
log 10(Eshower/Gev)

<
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Diffuse Flux — Results

U Unblinding:

61— O ANTARES (this work)
Events tracks showers | § F W leCuwealsky (2015 310
Observed' 33 — 19 + 14 TEE 5 A |ceCube diffuse tracks (2016) .
. a 90% ]
Expected: 24= 135+ 10.5 E e Y |
. N 689, =
<+ Small excess in both samples 8 r \ 3
. 2 °F g
LBest fit @ flavour flux norm at 100 Tev) s F 10
ko
®,(100 TeV)=(1.7+1.0)x1018 GeV-icm2 stsri E N
Spectral index: r=2.4+0.5-0.4 ¢ F _ . — —— I 10°
I31 B 1.8 2 2.2]_| 24 2.6 28
d Features: -
< Compatible with IceCube signals ® 80 e =20 F=2 5
¢ Null flux excluded at 1.60
Not very constraining 1 . sensitivity (90%) 1.2 2.0
: £
% See plot ®,vs f-_1++ by upper limit . oy
T e « (90%) ' '
[ Chianese et al: gty ™™ confidence
e Excess at 50 TeV? B s N 0.2-2.9 0.5-5.0
«  Single power law? i interval (68%)

Energy [Ge\]

‘1I0" ) 10‘ I ”H“1IU'

C¢TZLO0TT.LT :AIXIe

11




Galactic Plane
d v's from CR-medium interactions

1 KRA, model of diffuse gammas

% CR local features and gamma observations
reproduced

 Search strategy:
« Signal map according to KRA, modelling
% Two ref models: 5 PeV and 50 PeV cutoffs

7]

unction [s

Showers

Probability density fi

|

on [3

Tracks

Probability density funct

li| < 40° [b] < 3°

DSampIe: | D Gonventional Model cutofl 5 PeV
107°F = == Conventional Model cutoff 50 PeV [3 T
e T Reference Model cutaff 5 PeV =
’:’ Data CO”eCted 2007'2015 L s = == Reference Model cutoff 50 PeV ﬁ
o [®s, Fermi-LAT —— ANTARES UL 50 PeV -
< 7300 Tracks and 208 showers # 105y, e, T2 ety HESE e, » 2
o ; -Q-.~M ‘o ¢  Fermi-LAT PASSS data, v o
. E “'\-,‘. """"-.., (o}
d Results: : ANTARES 3
S 08k ., . o
< No excess of events 3 O . . lceCube § 13
ey, o
. . = o, 4 =
% 90% flux limits for ref models: 5 models o, F —% + I =
?-"l 10-7:_ 'I"::":‘\ ""’"*. ‘\‘ 3 =
<1.1®(GPeV) <1.2d(50 PeV) ~ D R

< Not the source of “spectral anomaly” | | | T

(IC spectrum in hemispheres) 037 50T 10 JECUNEE R G
TeV ] 5




Diffuse KM3NeT

4 Tracks:
< Analysis for up-going events
based on max. likelihood 6 KM3NeT
< Pre-cuts on 6,,, >80° % :
% reconstruction quality 2 5}
parameter and Nhit (proxy S
for muon energy) = 4L 7
% 501in 1.7 year (IC flux) c% i :- | ‘faéksd i
D ShOWGrS i \-a[mt::on:entionaluncenainty;:
: : : : Vam Prompt uncertainty ;
reconstructed vertex
o 1: __________________ HRRS— RO 5 ..................... SR— R ; ................... f
* Eglrsla(%]/dapnaalgl(lsrﬁuenased on Iﬂlux perflavon.llrj1 :210 (Ea’1 GeV)I flaxtp(l EJ!S Pe‘u’) Ge\Jf ISI:1Is1lcm
likelihood. ® 05 1 15 2 25 3 35
% 50in 1 year (IC flux) Observation time [years]

KM3NeT 2.0 can observe (30) IceCube signal in 3 months
and confirm it (50) in six months

13
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Antares Point Sources

O Sample: O Analysis:
< 2007-2015 % Full-sky Search
<+ 2424 days of live time » 1°x1° squares over ANTARES
< 7629 Tracks, 180 Showers visible sky
(all flavour analysis) < Candidate list Search
» 106 objects (pulsars, SNRs,
etc.)

e 13 IceCube HESE tracks

% Galactic Centre Region

» Ellipse 15°x 20°

e Test:
— Spectral indicesy =2.1, 2.3, 2.5
- Extension o = 0.5°, 1.0°, 2.0°

% Sagittarius A* location

_ » Extended source. Gaussian
Track % Source candidate profile of various widths:

® Showers 0 HESE track o =0° 0.5°1.0°, 2.0°

14




PRELIMINARY

" Cluster at (o; 9) = (343.8°, 23.5°) (' /Cluster at (a/ §) = (9822°, 5.8°)

Full sky Il N = A N Candidate List:

Most significant cluster b e AN L ~ Most significant cluster:
(0,8) = (343.8°, 23.5°) oo . o 2% HESSJ0632+057
Post-trial significance: - S 6 — (%) T - (0,0) = (98.24°, 5.81°)
5.9% or 1.90 S ‘ oo | Post trial significance:
Upper limit on the neutrino flux ) o - /1 13%or1.50
E2d¢/dE = 3.8 x 108 GeV cm?2 s° S g o Sy, /| Upper limit on the neutrino flux:
o I, S [ T B S (O = "~ E2d¢/dE = 2.4 x 10 GeV cm2 s

348 346 344 . 342 340 . “T102 100 96 94
RA J2000 [°] ) RAJZOﬁO[ ] .

13 HESE tracks C’Iurért:grart(ﬁré)g(lj{}yfv3297;\§f) , _‘?? ’iyr‘CIusteratr(/ar 5= (zsv\i!;“'?i) ;Ga|actic Centre
xog;fl??gcl)c??t Czlgsée)r: T s specindicesy=2.1,23,25

i - Extension o = 0.5°, 1.0°, 2.0°
at a distance of 1.5° from the o — . - S
HESE track with ID 3 & )o _Most significant cluster:

i L (@D)= (2574%,-410)

N
®

N
o
o

o
b
“DECJ2000[°]

DEC J2000 [°]
UL
b 4

N
=N
IS

- DEC 120001

;8? ;r;a1l :sslgnlflcance. ! . for a E2 spectrum + point-like source
o L) By - Sl -aa - 5 ) . . .
AN P U S I 7 LN Rt N QUT Y R v ~Post-trial significance:
Upper limit on the neutrino qux e S IS G s e G AR B S S Sl P sy S S “6”0% or 0 53
E2d¢/dE 2 1 X 10 -8 GeV Cm s 1 134 ,UZRAjzloi)OO[ ]113 126 N . 260 RAZJ_;&Q()O%J? /4252 . '
{ - Clusterat( 0= (264", 2900°) oy
L | Sagittarius A*:

Galactic Centre

6 ~ (0,5) = (266.42°,-29.01°)

(y=2.1 ,02-3, 02-5) . = Sl - | Point-like source (o = 0°) and
(0=0.5°10 ; 2.0°) . §42/ £ C: 4 Extended source (o = 0.5°,1.0°, 2.0°)|
(Offs) =(273.0°, -42.2°) | i % “ ' Largest excess as point-like

E=> spectrum <2 . /| Pre-trial significance:

point-like source \ 9% or 1.9
Post-trial significance: .

/

S DY I Y Y Y 7R [ RS B T T T
30% or 1.00 RA J2000 [°] RA J2000 [°]
B ]

200 240
Nyis (shower-like events)

L — Phys. Rev. D 96 062001 (2017)

2 24 26 28
logypp (track-like events)

15




Full-sky and Candidate list searches

Sensitivities and upper limits at a 90% C.L. on the signal flux

from the Full-sky and the Candidate list searches

" [GeV cm™? 5]

107°

-
o
>

ANTARES 2007-15 sensitivity

ANTARES 2007-15 sensitivity (E < 100 TeV)

ANTARES 2007-15 limits (candidate list)

ANTARES 2007-15 limits (candidate list for HESE events)

ANTARES 2007-15 limits (° declination bands)

IceCube 7 years sensitivity [ApJ 835(2017)2 151]

IceCube 3 years MESE sensitivity (E_< 100 TeV) [ApJ 824(2016)2 L28]
IceCube 7 years limits [ApJ 835(2017)2 151]

T

%l [ TTTIT
X [
E

3

¥

w

.

-
L]
ey .
E P ITIE L ST D LR Lol
yWair

.
.llllll'r\upl“

L_..llld T

T T ITIIIIl

-1 -08 -06 -04 -0.2 0 02 04 06 08 1

sind

d
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Galactic Centre Region

90% C.L. upper limits of the search restricted to the region around the
origin of the galactic coordinates at (a,0) = (266.40°,-28.94°) assuming
different spectral indices for the neutrino flux (left) and different source
extensions for y= 2 (right).

— _ 30><10'12
(/7] ‘_(n -
o L
= 107 > gl .
= E— E ol
O -y =25 Q ~ -0 =2.0°
t\g -.-1 =23 § 22: /’_/ / _.0=$.80
So ey=21]- - pRdapyd B
2 L =20 N@ C — // ocom
P 18
- PRELIMINARY
PRELIMINARY 16—
10_11"“““““““““““I‘ :\\\\\\\\\\\\\\\\\\\\\\\\|\
-0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2

sind sind




KM3NeT/ARCA Expectations
(E~Z Spectrum)

Sensitivity Discovery potential

imi o KM3NeT prelimin
7 KM3NeT preliminary IceCube sensitivity, 7 years ; SNeT pre any Discovery potential (50):
L=l 10 T T T T = 10 T T T T T T T
o E KMINET/ARCA sensitivty, 6 years | E KM3NeT/ARCA, 6 years
E - Antares sensitivity, 9 years g B lceCube, 7 years
R ] = N ]
g 8
o 10°F E o 10°E E
i - . L - .
= I~ _ > B .|
& T ’ € i
10 ’ = = 10 9 E\/_fmw 3
10 | | | L | | | l L | L I I I |
103 ~05 0 0.5 1 1073 ~05 0 0.5 1
sin(d) sin(d)




KM3NeT/ARCA point sources J

0 Only up-going track events
(estimated contribution from cascades
from previous analyses ~ 20%) Source 0 extension ® I  Eu P
) RX J1713.7-3946 (1) -39.77° 0.6° 1.8 1.72 2.1 0.5
U Discovery fluxes for: RX J1713.7-3946 (2) -39.77° 0.6° 089 206 804 |1
“* Generic point-like source with Vela X -45.6°  0.8° 0.72 136 7 1
spectrum «<E-2 Vela Jr -46.36° 1° 1.30 1.87 4.5 1
HESSJ1614-518 (1)  -51.82° 0.42° 026 242 - -
- Benc-hmark fluxe_s from _ HESSJ1614-518 (2)  -51.82° 0.42° 0.51 2 371 05
candidate Galactic neutrin0  “Gatactic Centre 2887° 045 025 23 8553 05
sources
“ Expected neutrino fluxes estimated
from the observed y-ray spectra ®,(E) =Dy E T exp(—(E/Eeu)P) TeV s cm ™2
following [1]
(RXJ1713.7-3946(1) from [2]) ®,[10-1 TeVstcm?]
% Assumptions:
— Hadronic scenario for the y-ray
production
— Transparent sources

[1] F. Vissani, Astr. Phys. 26 (2006) 310
[2] S. R. Kelner, Phys. Rev. D 74 (2006), 063007
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0.6

04

KM3NeT/ARCA Expectations
(Galactic sources)

Sensitivity - KM3NeT preliminary

IIIiIII|III|III!III|III|III§III

] —— RXJ1713.7-3946 (1)
| == = RXJ1713.7-3946 (2)
| — Galactic Centre

: Vela Jr

] —— HESS J1614-518 (1)
---- HESS J1614-518 (2)

el H
B -

.....

I

3 8 — 0
Observation time [year] (ARCA)

0.8

0.6

0.4

3o discovery potential - KM3NeT preliminary

IIIEIIIEIIIlIIIlIII|III|III|III—

—— RXJ1713.7-3946 (1)
- -~ RXJ1713.7-3946 (2)
- | — Galactic Centre

P Vela Jr

| —— HESS J1614-518 (1)
. “~._|---- HESS J1614-518 (2)
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S -
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N T
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Observation time [year] (ARCA)
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U Advantages:

< A-priori interesting sources or events

* Reduced background:
» Uncorrelated between techniques
» Transient/short time events
e Spatial location
» Fully exploit the v telescopes features:
» Continuous monitoring
* Wide angle survey

» High efficiency, low latency (all-data-to-shore,
fast reconstruction)

Multimessenger Programme

[ GeV-TeV y-rays } =

Fermi, HESS, HAWC

[ Radio-Visible-X }

MWA, SUPERB
TAROT, ZADKO, MASTER
Swift

O Send and receive alerts:
 Alerts from:

[ UHE Cosmic rays }

* Flaring AGNs, X-ray binaries Auger, TA

e GRBs, FRBs
e Gravitational waves

e SNIb,c
%+ Alerts sent out if:

[ Gravitational waves }

» High energy neutrino LIGO-VIRGO-EGO

» Multiplets
* Preferred direction

21




dindividual Search

/

+» Two scenarios:
— Photospheric
- Internal shock

/

/

J Source stacking

R/
0’0 L)

X3

%

e

%

462 sources

O/
0’0

the jet

% 4 bright GRBs (2008-2013)

s Optimization and limits for each scenario

% Reasonable parameters to derive
spectra (I'= 316 and f, = 10)

No events in coincidence.

* Limits on the GRB quasi-diffuse emission
and constraints on the baryonic content of

Gamma-ray Bursts

s Long GRBs: T90 = 2 s;
Gamma-ray spectrum is well constrained
ANTARES 2008-2016 (upgoing events)

¢ (Gev cm‘g)

E2

E o, (GeVem?)

b
;//gﬂ:;;;\\\\

102 |

o / INTERNAL

T

fud 3ol 3 v vl 3ol

104 SHOCK
105 — | | I 1 n
10° 10° 107 10° 10° 10
E, (GeV)
10" T T T T T
E — 08001 6C Nuence
10" - Dashed = 90% U.L. T T omem o ANTARRS UL
Fomeoo__ == = 1305064 ANTARES UL
10° =
107
10_21/
10
107
107"

i

GT6-906 (T) 697 (LT0Z)SVYININ

02 :22 (L102) D °C "sAud In3

22




1 X-Ray Binaries:
NS/BH + companion Star
% Accretion produces outflows
% Wide-angle shocks but also
relativistic jets (u-quasars)
+*» Outbursts often observed
s GeV-TeV y emission observed
+* Possible hadronic acceleration

4 Flaring periods
< ANTARES 2008-2012 data

s 33 XRB sources (8 during
hardness transitions periods)

+ Flares from light curves
(Swift/BAT, RXTE/ASM, MAXI)
+* No neutrino signal

1(3) events in 1°(3°) cone for GX 1+4
during flare, but post-trial prob 72%

+ Translated into neutrino fluency
(flux x time) upper limits

F, (GeVcm 2)

Flaring X-ray Binaries

E—2
| v E2g EN00TRV e
v E ze E/10TeV
T g OO UN [ AP DO T
v v v
v vvy ¥
v v v v v 3 Y.
v vy Ty v PR v v v v v v ¥ . ¥ v
v - YY vy - v vy Yy v y 77 y
F¥eo e B g W e e g oos e meean B R IEEITINL N b [1
v % bl ¥ L ¥ ¥
I J L v ¥y v = ¥ v
- ]
v
.................... . 1 L e
R EEE R T E O
FE- - I T S . L T O un o ] LR Y I e (O v B B S - w5 B £ - M - |
L ERE ALY -2l EEARES T EEAC R f9=8 PR
s2ddalssedg8ixss8lderqgdaadts T ddn s b G & Fodod
w I EeBEL8ZTS5 e S oot dggdaldJgEee 2rigggs
w o 22 == °PrE25s 552288 LIfP8danc 222 28 ggEes L
2253 % C %5aom e L e T B TP~ = - A = T T T ErR3I5 55
= 5 ¥ 2 - 2 F G TS5 5 xxxx35 5o wowowy 55 x5 wuw
= s B - 0200 waepaea4a=_22772EEE = - E B
o @ [ - - E e X X X 5 i L L oxox
cGeg==="FLELL gg =k
@z =z = E
w ;| w
10—

E GX 339—4
[ —— U.L.90% CL

E2@, (GeVcm 25 1)

107 E oot UL 90% CL (100 TeV cutoff)
------ U.L. 90% CL (10 TeV cutoff)
10 L @M Zhang et al. (2010), 1,/ne = 100
| mem Zhang et al (2010), ny/ne=1
10—12 | 1 Lol 1l 1 Lol 1 Lol 11l
102 102 10* 105 108 107
E, (GeV)

Some micro-quasar models are constrained

F, (GeVcm 2)
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Flaring Blazars

U Blazars and extragalactic flares:

< AGN with relativistic jets S
% High variability in gamma-rays ™
“ Neutrinos if hadronic acceleration 9
% Look for neutrinos in coincidence wth
flaring periods
d Flaring periods: R H HHHIH R H T
“ANTARES 2008-2012 (1044 days)
% FermiLAT: 41 Blazars (33 FSRQs+7 BL 3C279
Lacs + 1 unknown) — s ©
% IACTs: 7 TeV flares (HESS, MAGIC, T B R
VERITAS) I AN \
% All coincident neutrinos compatible with b :
background. Fluency limits

Events within 3°

(fitted lag = -4 days)

—— During flare
Out of flare

% Most significant: 3C279. One neutrino
event coincident with large flare.

p-value 3.3%, post-trial: 67%
+*Soon to come:

ANTARES 2008-2016 data (2413 days)
with tracks and showers




L)

)
L X4

)
L X4

)
X4

L)

X4

)
0‘0

Gravitational Waves

Search v in coincidence with:

BBH’s: GW150914, LVT151012,
GW151226, GW170104

BNS: GW170817

Search features:

Most recent reconstruction (offline search
advantage).
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Dark matter annihilation
(as a source of CRs)
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Summary
J ANTARES:

10 year experience. Thousands of v’s reconstructed (tracks and showers).
Excellent resolution (down to 2° for showers!)

¢ Diffuse flux: a small excess at high energy compatible with a cosmic signal
* Point sources: best limits for southern sky Galactic sources (E< 100 TeV)

A lively and vibrant multi-messenger programme search. We need a larger
detector!

J KM3NeT:

* On the move!
« 2 ARCA and 1 ORCA strings in water (teething problems, soon to be fixed)

s KM3NeT 2.0:
« ESFRI Roadmap 2016, APPEC European Strategy 2017
 ARCA : high-resolution follow up of IceCube flux (5c within 1 yr)

« ORCA : Measure neutrino mass hierarchy (3o in 4 years)

¢+ Strings in production...
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