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NEUTRINO AS COSMIC MESSENGER
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Y | 3 GeV—1TeV: atmospheric neutrinos, dark matter...
. ® 100 GeV - 30 TeV: various galactic (TeV gamma) sources ANTARES
e 30 TeV — 3 PeV: IceCube signal (astrophysical flux)

- Neutrinos: smoking gun for cosmic-ray interactions
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1 PeV neutrinos correspond to
20 PeV CR nucleons and
2 PeV ~-rays

HE NEUTRINO PRODUCTION

Hadronuclear (e.g. star burst galaxies and galaxy clusters)

The sources of
HE v are not
necessary the
sources of
UHECR
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Photohadronic (e.g. gamma-ray bursts, active galactic nuclei)
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cosmic ray + gamma
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cosmic ray + neutrinos
Neutrino flavour ratio at source:
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HE NEUTRINO FLUXES
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neutrino fluxes and upper limits

(per flavor)
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HE NEUTRINO DETECTORS
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HE NEUTRINO DETECTORS
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GNN: Global Neutrino Network linked all HE
neutrino telescopes + provide framework for
regular combined meetings and combined analysis



ALL-FLAVOR NEUTRINO TOPOLOGIES
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— Gal. srcs: 0.2° at 10TeV [0.4° for ANTARES]

— Extra-gal. srcs: 0.1° at 100TeV [0.3° for ANTARES] : . |
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LARGELY DOMINATED BY ATM BKG

: Atmospheric Neutrinos
: cosmic-ray up to knee : v from © and K decay

Decay .-~

Atmospheric neutrino Ve __- ;B’J/

Air Nuclei

u, u-bundle

Atmospheric muons
dominant but removable since track-like trajectories of Cherenkov
photons and its directions is able to be reliably reconstructed

To have better discovery potential:

- Have the lowest angular precision (tracks)
- Have the lowest background contamination (cascades)
- Search for time+space-correlations



THE ICECUBE SIGNAL

6 year HESE anaIySIS (lCRC 2017) 8 year upgoing muon
80(+2) events Et: 200 TeV
Bkg: 15.6+11.4-3.9 atm v + 25.2+7.3 atm pu Eevent > 5 PeV |
Hemipshere North and South
Ein: 60 TeV  https://arxiv.org/pdfi1710.01191.pdf
10745
E"ETQ}’_T"!’ES“°|‘{ - Tt-ir?rlears (lCRC 2017) 1 B Conv. atmospheric v, + 7, (best-fit)
o gzckgAround :tmOSpheriC MU("" ")'UX T 1075 i Prompt atmospheric v, + 7, (flux limit (2016))
1 g. Atmospheric Neutrinos (a/K 7 k ) . .
Background Uncertainties TT B “Astrophysical v, + 7, (best-fit)
102 Lrecemerreee gtTospheric Neutrinos (90% CL Charm Limit) |- -“l'_: 10—6 i +++ HE
" «+s Data 5
é‘ : IceCéube Preliminary it
?2 : >:b 10_7 Enl™®
o 10} O 1 Te=~oao
~ [ \Q S
a & 1078 -
S oo = vl lror [5) | 6years
o 10—9 . Energy range: ~ 120 TeV - 5 PeV I
1 IceCube Preliminary
R 10° 10 10° 10° 107
107 B = E,/GeV
10 T ——70* IceCube, Ap), 2016

Deposited EM-Equivalent Energy in Detector (TeV)
Significance: 6.7 sigma

Significance: 6.5 sigma Spectra; E-219(:0.10

Spectra; E-292(+0.33-0.29)

— |ndication of a break in spectrum? (energy threshold different)
— |ndication of galactic and extra-galactic components? (different hemispheres)



THE ICECUBE SIGNAL

Last update for the starting track analysis

- IceCube work in progress | (e st comomoneric)
’T‘_ 10 ‘ «*e Differential

: N Best-fit (E‘““*f“‘)
§ao7) >1TeV,7yrs | showers (+partially cont.)
:Zm"’ : | ' : . S
= L!3110'9» s . e SR
10° 10* 105 106 10’
Neutrino Energy [GeV] ' T \ -
IceCube, ICRC2017 IceCube, PRD, 2015And TeVPA2017 IceCube ICRC, 2015
=-2.92 +0.30 Y=2.69 £ 0.08 y=-2.7 £0.12

Soft
pectral index?

m Normalization @ 100 TeV Slgnlflcance (o) | Energy range

HESE 6 yr 292103 246+0.8 60 TeV to 3 PeV
Northerntracks6yr 2.19+0.10 1.01+0.26-0.23 6.7 119 TeV to 4.8 PeV
Cascades 4 yr 2.48 +0.08 1.57+0.23-0.22 4.7 (2 year) 10 TeV to 1 PeV

Global fit 250+0.09 22+04 25 TeV to 2.8 PeV
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Events per bin (2007 - 2015)

ANTARES DIFFUSE RESULTS

Track events
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All-sky / All-flavor neutrino search
* Look for excess above a given Ew
* 9 (7) yrs of data for tracks (cascades)

o

Bkg Signal Nb events
expectation expectation measured
Track 13.5+4 3-3.5 19
Shower 105+ 4 3-3.5 14
61— O AMTARES (this work)
- [ | lceCube all-sky (2015) 10
- A lceCube diffuse tracks (2016)
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KM3NeT/ARCA is expected to observe

KM3NeT:

KM3NeT ARCA Preliminary

DIFFUSE FLUX

____________ — 35 50%
— 50 50°/o

observation year

the IC signal in less than 1 yr.

— Precise characterization (spectral shape,

flavor composition, anisotropy)

— Excellent sensitivity in the galactic plane:

identify gal/extra-gal components ?
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v-v-RC DIFFUSE FLUXES

| I .
& Diffuse y (Fermi LAT) ¢ Cosmic rays (Auger) 1
@ Cosmic v (IceCube, this work) B Cosmic rays (TA) E

E? x ® [GeVs tsr ! em ™

10—10

] ] ] ] ] ] ] | ] ] ]
10° 10t 102 10® 10* 10° 10% 107 108 109 100 10%
E [GeV]

= Energy density of neutrinos in the non-thermal Universe is the same or higher
as that in Fermi gamma-rays.

= Common sources ? Fermi/LAT y-ray flux dominated by AGN/blazars (~ 85%)

13



POPULATION STUDIES

Blazar space correlation
(862 ‘2LAC’ blazars)

Contribution max of the 2LAC blazars < 27% (10 TeV —
2 PeV), assuming equal weighting among blazars and
single power-law with y = -2.5.

[|  2LAC Blazar Upper Limit - Eequal wéighting ]
7 1070H=— Tsr=—25E, > 10 TeV |-i-ounene. ~y-weighting -
= ’ Ts; = —22,E,>10 TeV | : ; ; :
o I . . 5
[ - : : : : : : ]
(] W— “T—— . W— T SR— — '
,.%E’ 10 5 5 E 3 5 ;
| i A . i ; ko
w [ : : : : _
> -8 z 5 * z z
Q) 10 .:_ .......... SIS ‘ ~ z AAAAA I G E
O, s 32 z s §
2 : ; P g ' 19% — 27% ]
eR 1079 I—— SN . T . CESS e i
gellso) F 5 : E M : k
?ﬂ i f : : i : ﬁ
10_10‘ BE®¥ Astrophysical Diffuse Flux 1
1 ———————. R ——— I SO S

102 105 107 10° 10° 107 10° 10°
Neutrino Energy [GeV]

7% of neutrino signal assuming v flux & y-ray flux

(correlation with 2FHL: < few % of the IC flux)

Astrophysical Journal 835 (2017) 1

GRB time/s_pace correlation

contribute no more than 1% of the observed

diffuse flux
= =
EblEUl. EUSEI)
q)l/(Ell) - q)() X < El/—2' Eb < El! S 1()6()
\E;*(10e)?, 10e, < E,,
1()-7 -0’0— Ahlers et al.

-@0— Waxman-Bahcall

10-8

"l:) ((_;(‘\"' (']”-2 S—l S]'—l)

10=?
() .
S 10~10 oSN S
& Ty : .

o

10°
Neutrino break energy &, (GeV)

104

(1172 GRBs - benchmark parameters)

arxiv:1702.06868

aaaal A ___a__ a5 axap
109 107
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POPULATION STUDIES

Blazar space correlation GRB time/space correlation

(862 2LAC’ blazars)

contribute no more than 1% of the observed
diffuse flux

Contribution max of the 2LAC blazars < 27% (10 TeV -
2 PeV), assumin
single power-la

Eu S Eb
ey, < E, < 10g
10, < E,,,

BUT, neutrinos originate from a larger volume
50% of blazars not identified

S Sources transparent to high energy gamma rays
i | may not have the target density to produce neutrinos
B 10-TLi (GRB?)
z | - |Hidden sources? How to identify these sources ?
i 1078k
_%|L§ (1 ] ISUPRREE PR S - . © e
Nlﬂ [ s : : ; ; : W0 :
jo-10[ L0 Astrophysical Diffuse Fhux| Momd . T e
102 10° 107 105 10° 107 10°  10°

- oRvc ™.
Neutrino Energy [GeV] oot Tt

Neutrino break energy g, (GeV)

7% of neutrino signal assuming v flux & y-ray flux

(correlation with 2FHL: < few % of the IC flux) (1172 GRBs - benchmark parameters)

Astrophysical Journal 835 (2017) 1 arxXiv:1702.06868
15



GALACTIC DIFFUSE FLUX

Analysis of correlation with template map derived from
interstellar gas distribution reproducing Fermi-LAT data

& «s | Models in Gaggero et al, arXiv:1504.00227
X | ; ; ar:
8. T Only small fraction of signal can originate from CR
0|, . :
iinteractions in the Galaxy. UL for IC and ANTARES 1.2 x
150 o [%oo W ‘KRA'V (SOPeV) . L 7 - e e el
(a) KRA-vy (50 PeV cutoff) template
' | ' | — Neutrino and Gamma-ray Galactic Ridge I < 30° [b] < 4°
1()_ o crrrr rrrrrm g P r i i rinig P iy
E ! ! = = = (Conventional Model cutoff 50 PeV E
: = = = Gamma Model cutoff 50 PeV
—l'— b —— ANTARES UL 2017
7 : ! N . ' -'0.. = KM3NeT/ARCA Discovery 3¢ 4y [
‘Z‘ll l“ih = lefuse tfaCkS E-213:tC —l‘—' 10-5 ;\ .’0. 5 KM3NeT/ARCA Sensitivity 4y
= { (arXiv:1607.08006) =  E*x e £ o et
‘ -/ - A,f T ermi-Lzs ADDS data, 9
e L,
-i C 1070k E
f; 17 4 i é
<. : 2 S
< <16% of "%, S
S | E25flux o Sl
-8 lceCube 7 yr upper limit (90%CL) 1-500 TeV
1()? 10* 10° 1(° 107 , g
~ 5 10—6 el raanul 1. ERRETT B ...m.l1 ! .......I_) L .......I; (AT
E, [GeV] See C. Haack. NUO13 107210 107 10 107 10 10*

arXiv:1707.03416 E[TeV]




IC NEUTRINO SKYMAP
Through-going tracks (>200 TeV)

Cascades

Starting tracks

PRELIMINARY

-ou- Equatorial

lceCube, 2017

No evidence of clustering in high-energy neutrino directions
mostly isotropic = neutrinos of extragalactic origin

Where are the PeV y-rays together with PeV neutrinos ? .



IC NEUTRINO SKYMAP

Resolution for v,
ANTARES O
KM3NeT °
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LOOKING FOR POINT-SOURCES

lceCube (7 yrs - tracks) ANTARES (2007-2015)

+75°

Blue: Tracks
Red: Cascades

ANTARES+IceCube

[ Phys. Rev. D 96, 082001 (2017)

.. AT _ 5
10_6 L":nlts a nd slenSltlvltlels for T _ 2|' 0 !'; 1 0 NI ANTARES 2007-15 sensitivity
: : o ————  ANTARES 2007-15 sensitivity (E <100 TeV)
IC+ANTARES e 'E . ANTARES 2007-15 limits (candidate list
e |C+ANTARES limits|] o ANTARES 2007-15 limits (candidate list for HESE events)
:“ -—- |C 40+59+79 1 > 10—6 " ANTARES 2007-15 limits (1 declination bands)
| ; ; N IC limits 8 leeCube 7 years sensitivity [arXiv:1609.04981]
wn -7 : : = lceCube 3 years MESE sensitivity {Ev <100 TeV) [ApJ 824(2016)2 L28]
o 10 ‘ """"""""" ——- ANTARES ; a IceCube 7 years limits [arXiv:1600.049811
c = = x  ANTARES limits 5 o7
o _ : s X : : X el E
- — - A :"I H H o C
> - A R e e e e — = = v N
8 8 [ - "H-K*— 45“%@-:?3'(' -XXEZK_ ‘%:“ - : -q...--.-.."l' PRI - - . T
— 10 _ -------- - ihﬂ—.'."'.—__‘_——“___iq“xh_ 10—3 E?.""‘“-' .5'.....-.:. .n . : ' im._:”_":I"I,;",,,,'.............mu-73.34*"“"""""““
L r B E .1.........',.‘ i T T
F ' ' _""\-\-,_\_\_\_\_H- i.llllllﬂl L 11
2 ! -
S | :
[T 10° =
10° R Ty -
E | | | i
10—10 N T T 1 T T AN O A B O A O
—1.0 —0.8 —0.6 —0.4 -0.2 0.0 -1 08 -06 -04 02 0 02 04 06 08 1
sin(J) sin(3)
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KM3NeT: POINT-SOURCE

Generic source

KM3NeT preliminary

IceCube sensitivity, 7 years

— 10" I — 10"

KM3NeT/ARCA sensitivity, 6 years

Antares sensitivity, 9 years

I T TTTTFH

@, E? [GeV cm? s
o
|
@, E? [GeV cm? s
o

| IIIIIIl|

T

-10 | 1 I 1 1 | 1 1 1 1 | I 1 1 I | 1 1 I 1 | -10

-1 -0.5 0 0.5 1
sin(d)

KM3NeT/ARCA is expected to have more
than one order of magnitude better
sensitivity than IC in the Southern sky.

—Due to the quite good angular resolution for
cascade events, the point-source search Is
also very efficient.

— Expected Dbetter performances for the
transient neutrino sources (GRB, AGN...)

KM3NeT preliminary

I T TTTTFH

Discovery potential (50):
KM3NeT/ARCA, 6 years

IceCube, 7 years

I Illlllll

0.5 1

sin(d)

50 discovery flux for KM3NeT/ARCA (6 years)
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T T

w Sensitivity flux (showers)

7| = 50 discovery flux (showers)
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KM3NeT: POINT-SOURCE

Specific galactic sources

Source ) extension ®g I E.:+: B  ~-ray data RXJ1713.7-3946 21;
— — — RXJ1713.7-3946 (2
RX J1713.7-3946 (1) -39770 060 1.68 1.72 2.1 0.5 [13] (:IE i Galactic Center
RX J1713.7-3946 (2) -39.77° 0.6° 0.89 2.06 804 1 [14] T: 107 = z::::(r
Vela X -45.6°  0.8° 0.72 1.36 7 1 [15] s HESS J1614-518 (1)
Vela Jr -46.36° 1° 1.30 1.87 45 1 [16] SO SN HESS OISR @
HESSJ1614-518 (1) -51.82° 0.42° 0.26 2.42 - - [17] W[
HESSJ1614-518 (2) -51.82° 0.42° 0.51 2 3.71 0.5 [17] 10 E
Galactic Centre -28.87° 0.45° 0.25 2.3 85.53 0.5 [1§] B
MGRO J1908+06 (1) 6.27° 0.34° 0.18 2 17.7 0.5 see text 10"
MGRO J1908+06 (2) 6.27° 0.34° 0.16 2 177 0.5 see text -
MGRO J1908+06 (3) 6.27° 0.34° 0.16 2 472 0.5 see text 1
E, [TeV]
F. VissaNi, Astropart. Phys. 26 (2006), 310.
YoV flux conversion: F. L. VILLANTE AND F. VISSANI, Phys. Rev. D 78 (2008), 103007.
F. VissANI AND F. VILLANTE, Nucl. Instrum. Methods A 588 (2008), 123.
3o discovery potential - KM3NeT preliminary Sensitivity - KM3NeT preliminary
& AT T T T T T —— RXJ1713.7-3946 (1) & Y N T T T T T T T T T —— RXJ1713.7-3946 (1) _
~ el | RXUIT18.7-3946 (2) |~ gl —— S |-~ RXJ1713.7-3946 (2) With reasonable
o ' A ——— QGalactic Centre o g Galactic Centre .
el |\ NS T - Vela X T03: MR - — — - Vela X 100% hadronic
“ N Vela Jr el AW Vela Jr
AR\ RN N | —— HESS J1614-518 (1) R N\ | — Hess 1614518 (1) models, Iarge
1.2; T , HE§S J1"-3§14'515:3(2) 1.2E B ~ il HEESSJ1514-~?1?(2) prObabiIitieS to
VN N N 1= i C e
N TR TS TS I TRV NN F O SR T observe individual
o N\ T P NG S S o R the Galactic Plane
(:"4III2III4II 6 8 12”'1141-"'1PI”1|8HI20 — 2 — I —

10 6 4 6 8 10
Observation time [year] (ARCA Observation time [year] (ARCA) 21



LOOKING FOR VARIABLE SOURCES

== No correlation with GRB, FRB

== Few hints with blazars (nothing
significant)

== One hint with SN Ic (1C160427)

Connection v-y-UHECR

Resconi et al 2017, 2.9 sigma
correlation with sub-sample of HBLSs,
|IC nu and Auger UHECR

— neutrino filter (v — ) - = complement filter \ (v — )

chance probability

2WHSP, FoM >2.51 = -

104 i ] l ] ] ]

5 10 15 20 25 30
0 (degree)

:Ezso_— 3C279, Fermi and ANTARES data _fj_a
“": ; { —31.6
T 200/ |l .
; - HTW —1.4
s LA 12
S 150 — L -
L Tl 4
X L ] B 11PN ] =
Ew? & H FT | { H ‘I:T”“'Iﬁh“}ﬁ%hl{ oo
1 L [ e s TR
bt e T
Ei__‘l %%T%I% | :{.T IHL ) I ] . { J{ —:0.2
04720 54740 54760 54780 54800 54820 54810
MJD (days)

IceCube- Big Bird PKS B1424-418

2010 2010.5 2011 2011.5 2012 2012.5 2013 2013.5

I
ot
|

[\

ot
(o1

ot

e
3

-6 —2_—1
F100-300000 MeV [10 cm s ]

-

0

1 | | | | | l | | | I | | |
55200 55400 55600 55800 56000 56200 56400 56600
MJD

number of coincident events
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Multi-A observatories linked to
ANTARES for the real-time analysis

hy ‘.\‘ , B y 3 ‘
h2o :.' ‘ N . W o : - ' : -
< 5 ; S PR 2 3 '

% ) s A gan £

GW alerts from LIGO/VIRGO
UHECR/UHEv with Auger/TA
Neutrino alerts from IceCube

AMON (Update 01/2018)

ke



TAT0O, one exemple: ANT150901A

TATOO: ANT150109A ALERT

vV VvV VvV Vv 9

E ~50-100 TeV
Error box=18 arcmin
Sent in 10s to Swift and Master
Swift obs: +?h

Master obs: +10h

Conclusion multi-A IR+Radio = young variable star not in catalogs

normalized counts s-' keV-'

ratio

002 ¢

001 ¢

Switt-XRT PC spectrum of J1625.7-2723 - Source 1

—

T r L T T
i !

..‘»

i

" 3 " & L
T T v v ™17
-+

A L

1

11

i

Energy (keV)

n

1012

) (erg cm—2s-')

Flux {0.3-10 keV

2x1071° ¢+

Globular
cluster M4 .

USNO-B1: 0626-0501160
Rmag = 126

red: PC

Swift/’XRT data of J1625.7-2723 - Source 1

5x10-"9 ¢t

+

5x104 105
Time since MET=462785905.0 (s)
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TAT0O, one exemple: ANT150901A

> Neutrinos
* lceCube: ATel 8097
> Optical
» Pan-STARRS: ATel 7992, 8027
« SALT: ATel 7993
* NOT: ATel 7994 GCN18236

* WiFeS: ATel 7996
« CAHA: ATel 7998, GCN18241

* MASTER: ATel 8000 GCN18240
» LSGT: ATel 8002
* NIC: ATel 8006

* ANU: GCN18242
» GCM: GCN18239
* VLT/X-shooter
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> X-rays

* Integral: ATel 7995

* MAXI: ATel 8003

« Swift: ATel 8124, GCN18231
> Radio

» Jansky VLA: ATel 7999, 8034
> Gamma-rays

* MAGIC: ATel 8203

* Fermi-GBM: GCN18352

* HAWC
* HESS

25



TAToO = GWAC@SVOM

MoU between ANTARES-SVOM signed summer 2017

29% of the ANTARES neutrino triggers visible at Xinglong, 20% have been followed
with mini-GWAC + 30 cm telescope [in agreement with the location of the telescopes

In Xinglong and the weather constrains]
= Delay: [0, 50min] for mini-GWAC (auto), [0h40, 1h40] for 30cm (manual)
= No counterpart identified [mag<12 for mini-GWAC, mag<=18 for 30cm]

Use large FoV of (mini))GWAC and the fact that the optical transients detected In
the images are stored to look for offline follow-up of ANTARES cascade events
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|IC170922 / Blazar TXS 0506+056 ?

* Event occurred at 22" Sept 2017 at  20:54:30UTC , .,
> ATel 10791 - Fermi - increased gamma-ray activity of TXS 0506+056(3FGL J0509.4+0541)

High Energy Light Curve (800 MeV - 300 GeV) 18 to 25 Sep 20 17/ . 4

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/SourceRep {
. [ ort.php?week=477&flare=27 *
(signalness ~ 50%)
&i (E proxy ~ 120 TeV)

800 MeV
wn
.

Relative Flux >
wm

-2.5 . 2
239859818 270099818 300339818 330579818 360819818

A A A
451539818 481779818 512019818 ’

‘e ott ¥ g
> ATel 10817 — The First-time detection of VHE gamma rays by M/;\GIC}’ :

GOy O« O

MAGIC observed this source under good weather conditions for
12 h of observations from September 28th till October 3rd.
...and a 5 sigma detection above 100 GeV was achieved!

The first time measurement of VHE gamma-ray from a direction consistent with a detected neutrino event

ANTARES offline analysis of this blazar under progress...
* Distance to TXS 0506+0567?

Paiano et al. (2018): the 10.4m Gran Telescopio Canarias, an optical spectroscopy = z = 0.3365 +/- 0.0010
27



GW + neutrinos

Coincident neutrino observation could constrain the source position
(LIGO/Virgo 90% contour ~30°2 vs ANTARES/KM3NeT: ~0.5°)

Low level of background for transients — a few neutrino enough to have
significant implications for GRB physics.

Would confirm hadronic content of relativistic jets + dissipation processes.

Chocked jets and unified picture CCSN / long GRB ? S~
weeks  X/Radio \—/

~months

_ afterglow <
Dark bursts observed in nu+GW only ? cismshock | TS wec/ _ yan
Relativistic jet et < Offais | X/Radio
\ T {

formation/dynamics (hadronic \ _ /% sGRB | flare |
Ejecta-ISM ; _£ _
compon_ent) _ shock ' y ~|day opt. 3§
* on-axis / off-axis ' macronova
* Jet aperture Cocoon
* shape of the outflow e 7 ~10day IR
. macronova
(cocoon / chocked jet ?) Merger §S
. ejecta
* lower energy neutrinos 00302 O VS

with ORCA (~10 - 100 GeV) shockiwind)



NEUTRINO FROM GRB170817/GW170817 ?

Joint analysis of all HE-UHE neutrino experiments: ANTARES + IceCube + Auger + LVC

——— I%Cllbsnllg:ggill »
[ceCube down-go

——— GW (90% CL)

O
—19 + NGC 4993
30° ¥ neutrino candidate (IceCube)
- " 4 ¢ neutrino candidate (ANTARES)
| === === [ceCube horizon

— == ANTARES horizon
Auger FoV (Earth-skimming)
Auger FoV (down-going)

= Bad luck localisation for ANTARES/IC, very very lucky for Auger
=> No neutrino in space & time coincidence (x 500s)

ApJL 850 L35 (2017) N



NEUTRINO FROM GRB170817/GW170817 ?

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

10° F +500 sec time-window |-
; ANTARES ]
— 10%}
q f Auger
g 10! = IceCube —
% 0 A== \“"‘«-.. I—
(D 10 o L7 Jp—— _ = ;
~. 0" -t _ ;
e 4 e . Kimura et al. ]
(\L]q 101! U EE moderate
10~2 ;IE'D s al \ . ]
rKimura et al. -~ -~ Kimura et al;
FEE optimistic + 0" prompt ]
10—3 _ ETITETITT BT A AT FETIT BRI ETTT R R T
10° ¢ -
102 Auger
lE 1 [ ANTARES
5 10 - —
> [
8 100 IceCube Fang &
F I
— : Metzger
cE]L 10~ 30 days ]
= Fang &
1021 | Metzger_;
- | 14 day time-window 3 days
102 10° 10* 10° 10° 107 10% 10° 10'° 10U
E/GeV

=> Limited upper-limits from
ANTARES/IC (very high
background contaminations)

= Comparison with hadronic
model predictions (prompt
emission from off-axis GRB or
extended emission)

ApJL 850 L35 (2017) .



Summary

Multi-Messenger astronomy era! (EM + GW + neutrino)

e Diffuse flux of cosmic neutrinos observed by IceCube
* Higher level of hadronic activity in the non-thermal universe than previously

thought
 Sources remain to be identified. Hints are pointing in MM analyses. We are quite

closed !
Exciting times ahead !

= KM3NeT: phased approach to next-generation neutrino telescope
ARCA (KM3NeT-It) for HE neutrino astronomy (tracks & showers)
ORCA (KM3NeT-Fr) for measurement of neutrino mass hierarchy
— First strings performing well !!!

« Start to implement the multi-messenger programs in KM3NeT for both ORCA and
ARCA based on the successful experience of ANTARES.

* The follow-up of gravitational waves have worked very well and the community is
organizing itself to get an even better follow-up of GW events. Neutrinos are a bit left in
this structurant process. Need to think more in a multi-messenger manner rather than
separated the messenger.
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KM3NeT data policy:

— KM3NeT neutrino data are proprietary but become public after a latency of 2 years
after the data taking.

— However, significant events might trigger alerts that will be distributed publicly to the
astro community using standard VO event format within ~10s after the neutrino
detection [Open Public Alerts]

— Sub-threshold alerts and multiplets will be distributed though private channel to
observing teams upon MoU agreements.
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