
Brera - 03/11/2016 Antonio Capone  - Giornata di discussione sui "Neutrini Astrofisici" 1

Neutrino Telescopes
status & perspectives

•KM3NeT ARCA-ORCA
•IceCube-Gen2
•Baikal-GVD

Antonio Capone
Univ. "La Sapienza"
INFN - Roma



KM3NeT Collaboration
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12 Countries
> 40 Institutes
> 220 Scientists 



KM3NeT Collaboration
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KM3NeT:  originated by the common effort of European physicists (plus Morocco)

KM3NeT: a research infrastructure with 2 main physics topics
• high energy: the existence/origin of cosmic neutrinos, search for diffuse and 
point like sources (ARCA)

• low energy: study of the fundamental neutrino properties: oscillations and mass 
hierarchy (ORCA)

KM3NeT: as a research infrastructure will be a Deep Sea Observatory available for 
oceanography, bioacoustics, bioluminescence, seismology, … 

ARCA: Astroparticle Research with Cosmics in the Abyss
ORCA: Oscillation Research with Cosmics in the Abyss

It will consists of:
• a single Collaboration
• a single technology
• a multisite detector
• a single managements 



KM3NeT – physics goals
ARCA
• Measure high-energy neutrino fluxes

– Benchmark: the IceCube flux (isotropic and flavour symmetric)

• Search for astrophysical neutrino point-like sources
– Neutrino fluxes from intense galactic TeV gamma sources
– Gamma Ray Bursts, Transient sources, indirect Dark Matter search, …
– Multi-messenger studies

ORCA
• Determine the Neutrino Mass Hierarchy (NMH)
• Precise measurement of atmospheric neutrino parameters
• Indirect Dark Matter search
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Multi-messenger astronomy: the ultimate approach
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… yesterday, today, tomorrow …
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KM3NeT design
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•Basic detector module: a multi-PMT digital optical module: 31 
3" PMTs distributed in a glass sphere, looking at different solid angles
•Basic Detector Units (DU):  a vertical slender string with 18 DOMs.
Power and data distributed by a single backbone cable with breakouts 
at DOMs.

•Building Blocks of 115 DUs each, 
allow for a "distributed" detector
•Multi-site infrastructure

• ARCA at KM3NeT-It site 
(2 building blocks)

• ORCA at KM3NeT-Fr site



KM3NeT technology
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KM3NeT Building Blocks
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ARCA ORCA
Location Italy – Capo Passero France - Toulon
Detector Lines distance 90m 20m
DOM spacing 36m 9m
Instrumented mass 500Mton 5,7 Mton

ORCA

ARCA



KM3NeT phased implementation
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L.O.I. KM3NeT ARCA and ORCA:
• J. Phys. G43 (2016) n. 8, 084001 
• arXiv: 1601.07459



KM3NeT – ARCA infrastructure

Brera - 03/11/2016 Antonio Capone  - Giornata di discussione sui "Neutrini Astrofisici" 11

The KM3NeT-It site:
• 80 km SE offshore Capo Passero
• 3450m depth
• excellent water optical properties
• low optical background 
• negligible deep sea water current
• wide and flat abyssal plain

The KM3NeT-It site will 
host Earth and Sea science 
node

The Capo Passero Infrastructure:
•100 km Electro-Optical cable: 20 fibres, 80 kW
•Cable Termination Frame, 3 Junction Boxes to 
serve 32 DUs

•1 Junction Box to serve ESS  

The Capo Passero Shore Lab.:
•Power Feeding Equipment
•DAQ centre + local Data Storage
•Guest House



KM3NeT – The Digital Optical Module
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KM3NeT – The Detection Unit
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ARCA dimensions



NEMO-Phase2 Tower before deployment

Not only strings, also 8 "Towers"
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KM3NeT – prototype  
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A prototype DU with 3 DOMs in KM3NeT site



KM3NeT – results from prototypes  
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One DOM  in ANTARES site



KM3NeT – results from prototypes  
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3 DOMs in the prototype DU in KM3NeT-It

Upper PMTs see Cherenkov 
light from downgoing muons

Eur. Phys. J. C (2016) 76:54

High level coincidences (>7)  
cleanly select muon events



KM3NeT – DU deployment
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December 2015 – Installation of the first DU in KM3NeT-It

May 2016 – DU2 and DU3 installed in KM3NeT-It.
D1 and DU2 in data taking. DU3 recovered after failure 



KM3NeT – DU unfurling
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The deployment operation 
tested several times: 
ARCA DU in KM3NeT-It

2 ARCA DU already 
operational in  

KM3NeT-It site



ARCA: DU1 and DU2 first data
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ARCA DU1 and DU2 first muon tracks
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ARCA DU1 and DU2: calibration tests
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KM3NeT – ARCA footprint and seabed network
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KM3NeT – ORCA footprint and seabed network
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ORCA JB



KM3NeT – ARCA Phase  2
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Two Building Blocks 115 DU each

Present Main Electro-Optical Cable

New Main Electro-Optical Cable

Cable Termination Frame

Two JBs ready for deployment



ARCA (Phase 2) performances for tracks
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θν−µ

1σ

90%

Muon tracks reconstruction

Angular resolution ~ 0.1∘ for En >10 TeV

Energy resolution ~ 0.27 
in logEµ 1 1TeV<En <100 PeV

Angular and energy resolution, 
after cuts,  for the analysis of 
diffuse nµ neutrino CC events  



ARCA (Phase 2) performances for showers
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ne CC showers reconstruction

Angular resolution: better than 2∘

Energy resolution <10% 

90%

1σ

Angular and energy resolution, 
after cuts,  for the analysis of 

diffuse neutrino cascade events 



ARCA (Phase 2) discovery potential  for n diffuse fluxes
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Tracks: 
- up-going tracks qzenit >80∘
- analysis based on Maximum Likelihood
- cuts on reconstruction quality parameter L
- cuts on Nhits (à muon energy)
Cascades:
• Containment cut on reconstructed vertex 

to remove atmospheric muons

Tracks
Cascades
Combined

Discovery at 5s significance 
(50% probability) in less than 
one year (combined analysis)

Reconstructed 
vertex position 
for atm. muons 
and for ne CC 
cascades.

MUON VETO



ARCA (Phase 2) search for diffuse fluxes from Galactic Ridge
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Only muon tracks analysed.
Events selection: 
- -30∘< Galactic latitude < 30∘
- -4∘< Galactic longitude < 4∘
- up-going tracks qzenit >80∘
- analysis based on Maximum Likelihood
- cuts on reconstruction quality parameter L
- cuts on Nhits (à muon energy)

Hypothesis: 
• neutrinos produced in the interactions of 

the galactic cosmic rays with the 
interstellar medium and radiation fields.

• D. Gaggero et al. arXiV 1508.03681 (2015)
• flux for each flavour:

Φ(Eν ) = 5. ⋅10−6  Eν
1GeV
⎛

⎝
⎜

⎞

⎠
⎟
−2.3

 e
−

Eν
1PeV

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟
[GeV −1cm−2s−1sr−1]

Significance estimation 
vs time for the assumed 

flux/spectra

5s discovery to be achieved 
after 5 years of operation



ARCA (Phase 2) search for point-like Galactic sources
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Hypothesis: 
• Neutrino fluxes/spectra inferred from 

gamma-rays data .
• S.R. Kelner, et al.  PRD 74 (2006) 034018
• F.L. Villante and F. Vissani, PRD 78 (2008) 

103007
• 100% hadronic source
• transparent source

VelaX :     3s discovery in ~ 2 years
RX1713:  3s discovery in ~ 4 years

RXJ1713

VelaX



ARCA (Phase 2) discovery potential for point-like sources
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Hypothesis: 
• Neutrino spectra ~ En

-2.
• 3 years observation time



KM3NeT – ORCA physics goals

• Determine the Neutrino 
Mass Hierarchy (NMH)

• Precise measurement of 
atmospheric neutrino 
parameters

• Indirect Dark Matter 
search
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The Pontecorvo–Maki–Nakagawa–Sakata matrix



KM3NeT – ORCA observable quantities
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θz• The propagation of neutrinos in matter is 
sensitive to the NMH.

• To investigate the NMH we need to know the 
Energy and the length (the angle qz) of the path 
into the matter of neutrinos.

• Required good energy resolution (~25%)
• Required good angular resolution ( s(qz )= mp/En)1/2 )
• Required large statistics
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KM3NeT – ORCA resolutions
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• Both for electron and muon channels the angular resolution 
is dominated by kinematics

• Largely independent from spacing between DOMs and DUs



KM3NeT – ORCA sensitivity to NMH
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• Time dependence of the KM3NeT sensitivity
• ORCA Mass Hierarch determination significance for dCP = 0∘



at the South Pole 

Brera - 03/11/2016 Antonio Capone  - Giornata di discussione sui "Neutrini Astrofisici" 36



IceCube Gen2
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a unique facility: vetoing downgoing events
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IceCube Gen2 – instrumented area/volume
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IceCube

Gen2 240m
Gen2 300m



IceCube Gen2 – expected event rates
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The Baikal – GVD project
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The Baikal – GVD project, the prototype
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Vladimir Aynutdinov



The Baikal – GVD, improved detector
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Vladimir Aynutdinov



The Baikal – GVD, next steps
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Vladimir Aynutdinov



The Baikal – GVD, time schedule
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Olga Suvorova – RICAP 2016



The global approach to neutrino Telescopes
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ARCA
optimized ~1.4 km3à >1 TeV

(4-5 km3)
construction 2015(18) – 2021
Deep – Sea water
high angular resolution
depth 2.7 – 3.3 km
no veto available 

IceCube-Gen2 
optimized ~   1 km3 à >1 TeV

~ 10 km3 à > 30 TeV
Operating 2021 – 2031
Ice (scattering, medium homogeneity, …)
Moderate angular resolution 
Depth 1.4 – 2.7 km
Surface Veto !!!

GVD
optimized ~0.4 km3à >10 TeV

(1.5 km3)
construction 2015 – 2021
Lake fresh water
good angular resolution
depth 0.7 – 1.2 km
no veto available 

from a collection of C.Spiering
slides at MANTS-2016


