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High energy neutrino telescopes

@) s - IceCube 1 km3 running => first
2 evidence of HE cosmic

: neutrino in 2013

® f‘aﬁ | i - Antares 0.01 km? running
L h - KM3NeT in construction (1 km3)
- Baikal in construction (1 km?3)
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Visibility for upgoing v, from South Pole (left) and
Mediterranean Sea (right)
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Multimessanger v astronomy

The IceCube Collaboration et al. Science 2018;361:eaat1378
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Alert sent by IceCube on 22 September 2017

The coincident observation of a IceCube high
energy neutrino with gammas from Fermi
and Magic indicate, with 30 significance, that
blazars may be sources of cosmic rays
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refined best-fit direction IC170922A

IC170922A 50% - area: 0.15 square degrees
IC170922A 90% - area: 0.97 square degrees
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Antares limits on v flux from point-like sources and Galactic Ridge

Enhanced y emission observed in Fermi data and also by HESS around the Galactic Center
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AL ANTARES 2007-15 sensitivity
mw e ANTARES 2007-15 sensitivity (E‘ <100 TeV)
'E ANTARES 2007-15 limits (candidate list)
7) ANTARES 2007-15 limits (candidate list for HESE events)
> 104 ANTARES 2007-15 limits (1° declination bands)
8 IceCube 7 years sensitivity [arXiv:1609.04981]
— IceCube 3 years MESE sensitivity (E\ <100 TeV) [ApJ 824(2016)2 L28]
3 IceCube 7 years limits [arXiv:1609.04981]
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Fermi-LAT - M. Ackermann et al. Astrophys. J., 2012
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Antares puts the strongest limits in a large part of
the southern hemisphere, especially at high energy
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THE KM3NET TELESCOPE

KM3NeT is a network of neutrino telescopes, using the same technology, under
construction in the deep Mediterranean Sea aiming at

- observe high energy cosmic neutrinos and discover their sources with KM3NeT/
ARCA @ 3500 m depth off shore Capo Passero, Italy

- determine Neutrino Mass Hierarchy with KM3NeT/ORCA @2500 m depth off

shore Toulon, France

ARCA - 1 km3 of sea water equipped with a 3D array of
innovative optical sensors (multi-PMT)

e two building blocks of 115 Detection Units (DU)

e each DU hosts 18 multi-PMT Digital Optical
Modules (DOM) with 36 m spacing

* a backbone cable with breakouts at DOMs
distributes power and data

* Sea network of submarine cables and Junction
Very hostile environment Boxes provide power and data transmission to
due to huge pressure (350 shore via a main electro-optical cable

bar), corrosion, very ..
difficult access (installation e All data to shore data transmission

mantainence) ... e KMuvsIC




KM3NeT sensitivity to IceCube neutrino flux

KM3NeT/ARCA Preliminary
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Discovery at 50 significance (50% probability) in few months with combined analysis
KM3NeT Letter of Intent




Galactic ridge, galactic sources and extragalactic

Neutrino flux estimates —Ifl\fil"rr — RXN7I37-346 | &
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point-like sources

Discovery potential at 3 o

KM3NeT
T T T T

. - L < T |
galactic sources N: BN 1 !
C \ e 3 !
- . 1 - |
08 e D -t~~~~~ “Q 08 p=———— p————— T —
B N [ |
— { "Seend > | |
0.6 pmmmmm e e == -3 0.6 t T
I I l ------- 1 L | |
0.4 Sttt bt bbb NPT T EPESEE EPE
—E | e S e 0 JOh 10 15 [ ]-"-’ 043 2 1 6 8 10
F === Conventional Model cutofl Sprvat]()n r‘]n]p vears yen pes 2 . P
N === Gamma Model cutoff 50 F .. . - O})b(‘l ‘dtloll tllll(‘ [}'Odl b]
b = ANTARES UL 2017
L]
I % = KM3NeT/ARCA Discovery 30 4y |1 KM3N P
eT preliminal -
—5he ..’0. o KM3NeT/ARCA Sensitivity 4y , P ry IceCube sensitivity, 7 years
EYSs e A IceCube 4y HESE data, v =107 L
NI ® y , P E o
el g! o Fermi-LAT PASSS data, - q‘w F KM3NeT/ARCA sensitivity, 6 years
.~ AR g C Antares sensitivity, 9 years
o %
—6[_ -
F E 9 1078
N
L
>
S
-7l KM3NeT A 5 s
Edi . M 3 10
t discovery 30 4y, AN *
- -~ A
‘s‘ \\
N “‘
102 1071 107 10t 107 103 10* D B o -
E[TeV] ‘ ' sin(d)

ARCA will survey almost the whole sky with a discovery potential @
50 about one order of magnitude better than IceCube in the
Southern hemisphere for equivalent exposure




Collaboration and integration sites

Amsterda

® KM3NeT Delft

Groningen
Leiden

Sheffield Texel ot
) p 4 .
Dublin Utrecht Munsteis 1

Bamberg
Erlangen
@ Tuebingen

Wuerzberg

»

——— AP

Parls

Strasbourg @

Mulhouse

Geno‘;fal
ologn?
Marseille ¥ &

Pisa
Barcelona w

o P S w Rome
Valencia g Bar

X ANTARES
Granada w - ORCAT ' Napels hesgloniki

X Athens
. Patras o
Deployment sites 2

X ‘ \fbcﬂania . Nicgsia
Rabat Oujda X . ARCA




KM3NeT Orga

nigram

V1-20180528
Production Phase

Board
Chair: A. Masiero

Resource Review

Scientific and Technical

Advisory Committee
Chair: M. Spiro

:

Financial Resource Manager
A. van Rijn

L Observation Committee ]

Collaboration :
Chair: C. Markou

Institute Board

[ GNN Liaison Officer: U. Katz JH

Publication Committee
Chair-P. piatiali &7 ]

Multi-discipline Liaison Officer
K. Mannheim

Conference and Outreach Committee
Chair: V. van Elewyck

—
J—r—1
1

[ EU Liaison Officer: M. de Jong ]H

QA/QC Manager: G. Androulakis J

Project management team
Spokesperson: M. Taiuti
Deputy Spokesperson: A. Heijboer
Interim Technical Project Manager: M. Circella
Physics & Software Manager: P. Coyle

Installation Site Manager KM3NeT-Fr
(2 Lamare

N. Randazzo

[ Installatlon Site Manager KM3NeT-IT ]
L

Instullatlon Site Manager KM3NeT-Gr ]

{ Project Office }H

K. Tzamariudaki

[

@ Y
Science coordination
Oscillations : J. Brunner
Astronomy: R. Coniglione(/

Project steering committee

Detector Construction

Qualification: S. Henry
Mechanics: E. Berbee

Transients: D. Dornic

Dark Matter/Exotics : J. Zornoza

DU Analysis: R. Coniglione + J. Hofestddt
Simulations: V. Kulikovskiy

Data Management
Off-line Computing: K. Graf

On-line DAQ/Readout: T. Chiarusi

Electronics: D. Real

PMT: P. Migliozzi

DOM integration. D. Vivolo
DU integration: I. Squra

. 4

Power system: R. Cociman
Optical system: A. D’Amico
Calibration: G. Riccobene

Oversight

Governance

Executive Management

Detection Unit integration at LNS: P. Sapienza
Detector operation at Capo Passero: S. Biagi
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KM3NeT Digital Optical Module (DOM)

*  Digital photon counting
* Improved rejection of optical
background
*  Directional information and
wide angle of view
— high acceptance (nearly
4m)
— good reconstruction (also
for down-going events)

*  Compact and cost effective
design: 1 DOM equivalent to 3
— Antares/lceCube OMs

. Photocatode Area
ARCA = 2.35 X IceCube

— 31x3”PMTs
— LED & acoustic piezo inside

— Tiltmeter/compass
— Gbit/s fibre DWDM
— Hybrid white rabbit




KM3NeT DETECTION UNIT (DU)
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The KM3NeT/ARCA detector

To be installed in the Italian site of the
KM3NeT infrastructure

115 detection units per building block
18 DOM per DU

Vertical DOM spacing 36 m

Inter-DU spacing 90 m

2 building blocks

Total volume =1 km3

KM3NeT-ARCA block 2



1st DU at 3500 m depth off-shore CapoPassero, IT




Validation, construction, reviews => mass production
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Main activities at LNS

Simulation and data analysis

ARCA operation, data transmission and data taking
Power system design production and tests, PFE
ARCA Sea floor network

DU integration

Calibration

Establishment of an ERIC as legal entity for KM3NeT



KM3NeT - atmospheric events

Two ARCA DUs installed at nominal position at 3500 m depth more than one year
data collected data analysis in progress system off due to short circuit

KM3NeT/ARCA preliminary
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Status and perspectives

Two ARCA DUs have been installed in Capo Passero

— sea campaign foreseen in early January to recover functionality after a
short cut occurred in 2017

One ORCA DU was installed in Toulon in September 2017

— to be redeployed after repair of main cable (December 2018)

Data analysis on atmospheric muons (and neutrinos) ongoing

Mass production will start soon incorporating review
outcome



Conclusions

Neutrino telescopes provide a unique probe for high energy Universe and
neutrino physics

IceCube discovered a cosmic neutrino flux and detected the first neutrino
HE event in coincidence with gamma telescopes (plus follow-up in several
other wavelenght)

— Coincidence with Gravitational Waves not detected yet

KM3NeT will measure neutrinos with unprecedented angular resolution
and large sky coverage including most of galactic plane and Galactic
Center

Mass production and detector installation is the main effort of the
collaboration in the near future and LNS has key roles and responsibilities
in almost all the items



