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KM3NeT

KM3NeT is a research infrastructure in the Mediterranean Sea hosting
neutrino detectors

7 KM3NeT/ARCA (Astroparticle Research with Cosmics in the Abyss m this talk)

© observation of high energy (GeV + PeV) neutrino sources m a telescope
offshore Capo Passero (Sicily-Italy) is in construction at a depth of 3500m

7 KM3NeT/ORCA (Oscillation Research with Cosmics in the Abyss m talk of D.
Samtleben)

© determination of the neutrino mass hierarchy m a detector offshore Toulon
(France) able to detect neutrinos of tens of GeV is in construction at a depth of

2500m
ORCA and ARCA same detector technology
Details on the ARCA and ORCA physics IOP Publisting Jouma o Payscs G Mutes and Parics Poysice
performances and on the technical design in the St e S e wm—
published Letter of Intent L
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The KM3NeT collaboration

IEE s Cities and Sites
of KM3NeT

e 13 countries
e 51 institutes

Number of Institutes and Scientists constantly increasing
New Entries: f.m. U.Johannesburg, U.Marrakech, U.Nantes; obs.
LAM Marseille, U.Tbilisi
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Neutrino spectrum and water Cherenkov
detectors
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a 3D array of optical sensors

The optical sensor: the
Digital Optical Module (DOM)
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Seafloor Network )
“ The ARCA detector is made of 2 building blocks of 115 Detection Units (DU)
each with 90 m DU interspacing (0.5 km3 /block) e
7 The DU is a vertical slender string equipped with 18 Digital Optical Modules ‘
(DOM) 36 m distant. Each DOM consists of 31 3” PMTs. ;
© Power and data distributed by a single backbone cable with breakouts at - . ,,_
DOMs S\ %
- Sea network of submarine cables and Junction Boxes connected to shore via a " '

main e/o cable

- All data to shore
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The Optical sensors and the

Detection Unit
TS

~700m

The DOM is a new design for optical sensors developed in the collaboration

o
o

It is a 17” glass sphere with inside: Advantages:
* 31 3” PMTs (photocathode aerea = 3 * increased photocathode area
X 10" PMTs) * directionality
* LED and Piezo * single penetrator -> reduced risk
* Front-end electronics -> FPGA . Cosf/pho‘rocqfhode area

Hybrid white rabbit for time synchronization
DWDM for data transmission

By




The DU deployment

The Launcher vehicle (2m of diameter):
©rapid deployment
©autonomous unfurling
©recoverable

SEEY |

~700m

SEEE

4
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KM3NeT-phasel

First construction phase fully funded

ARCA 24 DUs
ORCA 6 DUs

Integration of DOMs and DUs on going

Integration site map

Target integration speed:
Up to 5 DOMs/week/site
Up to 1 base module/week/site
Up to 1 DU/monthisite

Bl

KM3NeT Phase-1
Infrastructure

3 Installation sites

L P © 2 PMT preparation sites
) - /‘/ KM3NeT-HQ @ 5 DOM integration sites
T Amsterdem @ @ 3 DOM integration sites
?, '3 \® / planned / in preparation
.\,J Erlangen B ) 3 base module integration sites
e / Strasbourg @ 3 DU Integration sites
® W / > Nantes @ - 3 DU test and preparation
\2 / \0 Gondoe to deployment sites
% 1 DU integration site planned
o » / °. @ Marsellle 1 electronic refurbishment center
s o - & KM3NeT-Fr
® ®\ ‘ Naples © @
® L o™ o .. Yalencia o @ Athens
° . ° String DUs , -~ KM3INoT-Gr

) 8 ' " KM3NeT-2t
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KM3NeT-phase1: the first DUs

installed
=

%k Three lines deployed at Capo Passero site: one in December 2015, two in May 2016

3k 2 out of three operated until March 2017.
3 Recovery of the DUs foreseen by fall 2018
3 Full restoration of the sea bed infrastructure end 2019

Capo Passero shore station ARCA DU1 at the sea bottom
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Calibration methods

_10 |
Stored for each hit:
Up to 150 * arrival time of photons
Cherenkov y * Time Over Threshold (ToT)
per decay:
stable 40K

. * Calibration of the PMTs inside the
“K (B decay) DOM with 40K

* Calibration of time offset
|> Scattered photons between DOMs with nano beacon
\\| B~ Direct photons and atmospheric muons

o

Nanobeacon
!

Cross-calibration with muons
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Calibration

Calibration of the PMTs inside the Calibration of time offset between
DOM with 40K DOMs
Time difference between PMTs in the same DOM (2-fold KM3NeT preliminary
from 40K) -t DU-2 nanobeacon visibility (DOM1, run #2621)
r
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First results from the first DUs

installed
mre

No reconstructions applied

integral of m>8 for each DOM in

the line
_ KM3INeT/ARCA preliminary
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First reconstructed tracks

reconstructed tracks

Run 5012 Event 1591
L1 hits 36

L1 DOMs 5

Brec 148.4°
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The KM3NeT/ARCA peculiarities

Current knowledge: N g L
. % 10° e
* Tension in the energy slope of the measured 3 i
high energy muon neutrinos from Northern £ 107 s e
Hemisphere and the full sky all flavour data. =
* Thanks to a multi-messenger observation % 1ge
high energy neutrinos from an extragalactic T T
source have been recently observed by o C K ""’“;'” Eneray (Gev)
rom C. Kopper this mornin
lceCube PP 9

Multi-messenger observation more and more important
KM3NeT-ARCA can probe the Universe from a different field of view
with a better angular resolution

Located in the Northern hemisphere <~ very good visibility of the Galactic Plane
sea water is a clean and homogeneous medium <~ good angular resolution
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The KM3NeT/ARCA resolution for
“track-like” events

IR I O
N

“Track-like” events mainly from vy CC interactions

-
o

Angular resolution [ ° ]

—
<Q

1072

KM3NeT preliminary

...J...l..l..l.l.l.li....

....l....I...I..J..I..I.l.l.l....

....I.....I...I..l.l.l.l.l.........l....l...l..]..l..l.l.l.t

10° 10* 10° 10°

107

108
E, [GeV]

angular resolution better than
0.2° for E,>10 TeV and
0.1° for E,>100 TeV

counts (a.u.)
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energy resolution better = 20% of
the log1oE, forE,>10 TeV




The KM3NeT/ARCA resolution for

“cascade” events

“Cascade-like” events mainly from ve CC and
NC interactions

Ang. resolution vs E_ ] 22222
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Diffuse flux

Benchmark flux : IceCube flux (isotropic and flavour symmetric)

D(E)=12:10"(E/1 GeV)~ exp(-E/3PeV) GeV™"' em™ 57" s1”
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Discovery at 50 (50% probability) in less than one year

Predictions recently confirmed by starting-event analysis
(K. Pikounis Neutrino 2018 https://indico.desy.de/indico/event/18342/session/35/contribution/291/material/poster/0.pdf)
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https://indico.desy.de/indico/event/18342/session/35/contribution/291/material/poster/0.pdf

Diffuse flux from Galactic plane
b|<4°

1] <30°

Benchmark flux from D. Gaggero et al., (D. Gaggero et al., Astrophys. Journ. Letters 815 : L25 (2015)).
Evaluation of the neutrino flux based on a radially-dependent cosmic-ray transport

Galactic

Galactic latitude (degrees)

KM3NeT ARCA preliminary
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Observation years

Discovery at 50 (50% probability) in
about 4 years

Details of the analysis in R. Coniglione ICRC 2017
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Galactic sources

- Source ) radius SO urce Iist
“RX J1713.7-3946 3977 0.6°

Vela X 4560 08
Vela Jr -46.36° 1° . .
HESSIIGIASIS (1) 5152 04F Extension of the sources taken into

AESSIIGIA51S (2) 51827 042
nt
Galactic Centre R8T 0.45° accou

Neutrino spectra evaluated from recent measured gamma-ray spectra
(F. Vissani and F. L. Villante Nucl. Inst. Meth. A588, )

. - 7137
~N . wes  Galactic Center
| 10-1 w— Vela X
g s Vela Jr
= o —— HESS J1614-518 (1)

HESS J1614-518 (2)

Spectra cutoffs of the order of
few tens of TeV
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Galactic sources

preliminary
, KM3NeT  [... RXJ1713.7-3946 KM3NeT
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Stacking the SNRs RXJ1713 and Vela

Junior discovery at 30 after around 3
years of observation

Discovery at 30 at around 5 years for the

most intense SNRs
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Point-like sources

preliminary

Benchmark flux proportional to E2 flux

Sensitivity for up-going muon neutrinos analysis

Note:
10-7 ¢ KM31\IleT | == KM3NeT/ARCA, 6 y lceCube will have ~10 years of
c'?_' E —— IceCube, 7y data w.hen KM3NeT will start
g - ——— ANTARES, 9 y SRR
= :
7ot — -
T ;
z I i TXS 0506+056 blazar discovered by
é 10-9 / IC as neutrino source
g "3, 8=+5.6°
;‘e :-\-——/_7 e : r~ 2.0 ) 2.]
CaI AP L P
1071 7 05 ol 0.5 1
sin(4)

‘ larger sky coverage than IceCube \
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Conclusion
B

~ KM3NeT will soon take over from ANTARES as the biggest detector in
the Northern Hemisphere (KM3NeT phase-1 will be = 0.1 km3)

* KM3NeT/ARCA (= 1 km?3) will be installed at the ltalian node of the
KM3NeT distributed infrastructure

* KM3NeT phase-1 (fully funded): 2 DUs of ARCA already and first
results shown

* Following phase KM3NeT 2.0 (partially funded)
% Exciting physics prospects
* Neuvutrinos detected from a different field of view and

unprecedented resolution and sky coverage can effectively
contribute to the multi-messenger astronomy
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‘ Back up slides II
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| Construction 4

24| ANTARES
AVENSA 7a KM3NeT/Phase 3

KM3NeT/Neutrino astronomy

The neutrino telescope timeline

AVENSLE

KM3NeT/Neutrino oscillations

|
m ? IceCube Gen2

IceCube Gen2

Baikal/GVD-1 Baikal/GVD (next steps
Baikal GVD

2015 Now 2020 2025 2030
slide from U. Katz Neutrino 2018
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