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Introduction

— Neutrino Astronomy: Motivations, Neutrino Production, Expected Fluxes
___ Submarine Observatories: Cherenkov Telescopes

— The South Pole: IceCube a full-coverage

)

—— The Mediterranean Sea of the Sky

The pilot projegets: INTHARES, NEMO, NESTOR
The RM3NeT Consortium
RM3NeT Pesign Study - Conegptual Pesign Report (CPR)

— Design Goals

— Detector Layout and Expected Detector Performances

—— Technical Implementations: OMs, DAQ, Data/Power Transmission, Deployment
—— Site Investigations

— Associated Sciences

Technical Pesign Report (TPR) === Preparatory Phase (PP)

Summary and Perspectives -~ RM3Net Timeling
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Neutrino Istronomy

a Multi-Pegssgnger {Ipproach in the Hdstrophysical Rgsegareh

| ealy—interacting neutrinos retain directional Astrophysics

information - a strong motivation for UHECv, as a diagnostic of astrophys. processes
Neutrino Astronomy - astrophysical sources, acceleration engines
i B PN = neutrino observations can discriminate between different
Protons/nuclei are deflected -~ .. - acceleration mechanisms (hadronic/e.m.)

Cosmogenic
neutrino flux

and/or absorbed ; . - cosmic rays propagation ->GZK cut-off >

Particle Physics

- Neutrino Physics

Cosmology

Electromagnetic ) | B | | - o\ at E>E, E)';i%;’vib;grdi;gn on CvB
radiation (y-rays) e R | | - NewPhysics beyond SM TD. DM and WIMP
is absorbed e _ (strongly interacting v) (TD, an S)
UHEv, Production : :
Bottom-Up Models || Top-Down Models Weak interaction
(Acceleration) (Annihilation/Decay) at the same time
Galacmcqm a great opportunity for discoveries
e S
Pulsars/PWNe WIMPs . i and .
Microquasars N De ° a gigantic obstacle for detection
Extra-Galactic 7.1 'th‘
A\G}l\' -DUrsts l
GRB
GZK the Challenge of Neutrino Detection




Neutrino Fluxes and Neutrino Petectors

Optimal Sensitivity Energy Range
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High €negrgy Neutrino Peteetion

Cheregnkov Telgscopes

\/\f Cherenkov neutrino telescopes look for ultra-relativistic (~1)
ot /‘*”\ muons produced in charged current neutrino interactions:
_ Q /# | refractive index of the medium (water or ice) n>1
N Bt < | =>light speed in the medium ¢/n < Bc particle speed
N = coherent emission of Cherenlkov light
SEa > Cherenkov angle:  COs@ = B in water: n~1.35 2@~ 43°

Detectors are made up as a regular grid of PMTs. The muon

direction is reconstructed from the times of arrival of photons at
the PMTs and the PMT positions.

Once that the muon track
direction has be identified,
pointing properties of the
telescope are assured by the
fact that at high energies the
muon direction is almost
collinear to the primary _
neutrino. 0 by
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ANTARES, NEMO, NESTOR > KM3NeT




The South Polg and the Meditegrrangan S¢a
ﬁ fUll"ékg engragz [211 isotropic qux}
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Mediterrancan og¢a

The pilot projects

T 3500 m

Capo Passero



Completed in June 2008
data taking and analysis ongoing

Optical module

Lop buoy

~60m ® L]y «lmplmnc Compass.
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ele¢tronics depth
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->multi-disciplinary investigations of the submarine
environment

—>development of technological solution
(mechanics and electronics)

Key-point:
compact (arms~10m) semi-rigid structure (tower) TR 7R\
deployment as compact, self-unfurling structures

NEMO-Phase1 (2002-2006):

realization and deployment of a “mini-tower” (4 storeys, 4 PMTs each) NV
in the NEMO test-site (~2000m depth, 25km off Catania, Sicily)

NEMO-Phase2 (ongoing): 1
realization and deployment of a full NEMO in the Capo Passero site i
(3500, depth, 100km off-shore) — 2 e

status: 100km electro-optical cable deployed underwater; |
shore station infrastructure completed



m

NEZTQP"

NESTOR

Key-point:
extended rigid star-like structure
suitable for a “clustered” detector layout

MILESTONES s s
« 2002: deployment of a multidisciplinary ‘j&,‘f
(optical modules + environmental sensors) deep-sea | :%’;
station (4100m depth), cable-connected to shore A
(project LAERTIS) :}ﬂ(;
« 2003: deployment of a test-floor (12 PMTs), AL
~1 month of data-taking and environment monitoring QQE
« 2008: Delta-Berenike deployment :—"’*—-;f Ve ‘*{

platform released from dock

height = 5.3m
side = 51m/44m

.

’TA'T%
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..fowards thg km3
The RM3NeT Consortium

http://www.km3net.org/
THE GOAL

« connect people working in the field of high-energy neutrino telescopes, marine
research and deep-sea technology communities

* share experiences gained with the pilot projects
e carry on a unique project for a cubic kilometer detector in the Mediterranean Sea

The full list of the
institutes and university
groups constituting the

Consortium is available
@KM3NeT web site
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RM3NeT Timeling

2006: KM3NeT selected out by ESFRI (the European Strategy Forum on Research
Infrastructures) to be included in the European Roadmap for Research Infrastructures.

now

() >
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Design Study

Preparatory phase

| Construction phase (includes prototyping) '

EU FP6
framework funding

| Data taking phase }
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CDR
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02/2006->12/2009 EU FP6

RM3NeT Design Study

Design Study: development of a cost-effective design for a km3-sized deep-sea

infrastructure housing a neutrino telescope and providing long-term access for deep-sea
research.

The multi-disciplinary activities of the KM3NeT Consortium are organized in working packages,
covering all the main features in the design study of a neutrino submarine telescope; amongst them:
* physics analysis and simulation, to investigate the performance of different detector options;

» shore, sea-surface and deep-sea infrastructure, to carry on site-selection activity and to develop
deployment and recovery procedures;

» design of the optical modules; e © «Qé\
» design of the readout and data acquisition system,; e‘oe"\e }
* interactions with associated sciences, as biology, geology, oceanography. é“‘ ‘{3&\2’
O o&mm
ROPOEE
> CPR (Conegptual Pesign Report) o(o*&“ Q‘\c,o
. . . \} o)
published in April 2008 m—) 3 &
O
00\“\‘\@'

-2 TPR (Technical Pesign Report) A\

by the end of 2009



Neutrino Telgscope Pesign Goal
CPR Indications and Constraints

e instrumented volume > 1 km?

« lifetime > 10 yr without major maintenance
 construction and deployment < 4 yr

* budgetary constraint 200-250 M€

» optimal sensitivity to neutrinos in the energy range 1 TeV -1 PeV
 angular resolution < 0.1° (Ev > 100 TeV)

» some technical requirements: _
- time resolution < 2ns (RMS) — crucial for the track
- position resolution < 40cm (RMS) reconstruction algorithms

Giulia De Bonis 14



Petector bayout

No configuration is optimal for all energies and directions
- the final layout depends on the physical priorities
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Simulation

Petector Performances

“reference detector”
homogeneous configuration
225 (15x15) detection units
37 storey each, 1 OMstorey
21 3-inch PMTs per OM

(different detector designs can
provide similar performances )

Neutrino Effective Area
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Optical Modulgs

standard OM (pilot projects)

large-area (10”) hemispherical PMT
(bi-alkali) in a 17”7 glass sphere

Glass sphere

LED . B ——— Base

Magnetic shield

Optical gel -~
Photomultiplier

new concepts (under investigations)
» direction-sensitive OM
with a focusing mirror system ﬁ

 2/3 large-area PMTs
in a larger glass sphere (capsule)

* many (up to 40) 3" PMTs
—2>1vs2 p.e. separat.
—> directionality

maximise
photocatode
area

Giulia De Bonis 17




Pata/Power Transmission

 power distribution through one or more junction boxes

« ~ 60kW total power on-shore

 electro-optical cable (standard telecommunications cable)

« data transport: Dense Wavelength Division Multiplexing
(DWDM) on optical fibre

- all data to shore (data-flow= some 100Gb/s) depe'ndlsbin:

- on-shore triggerin - optical bkg
J9eTing ; - detector layout

- OM design

Peplogment

* accurate positioning

* easy access, efficient procedures
* ships (compact structures) / dedicated platform (Delta-Berenike)
 use of ROV / AUV

Giulia De Bonis

Main Junction Box
E-O cable to shore

progressive deployment
has to take into account
sea-floor cabling




Speed [crrysec)

ditg Investigation

Extensive sea campaigns carried out at the candidate sites
(i.e. where the three pilot projects are operating), in order to monitor:

« water optical properties: light transmission _

40K

* optical backgroundi{ bioluminescence

» deep sea currents (and correlation with other params)

 sedimentation and bio-fouling
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E 450 > g * OM1
3 " « OM2
€ 350 Bursts from | )
wf-  biolumiinescence Baseline
260 . \ 1 (4%K+biolum.)
200 6 o 5%
A <
150 g, o o <
100 ¥ P LGN
= NS e W
Apr Moy || @ @ B by T T T T e
2007 4080 4100 120 4140 4 60“"‘a 3 nctikst?ns!an(sec)
19

political convergence



Associated ocignees

The KM3NeT infrstructure will offer a unique opportunity for a multidisciplinary
observatory in the abyss

=p /0Ng-term real-time measurements in the deep sea:

« Oceanographic parameters (current velocity and direction)

« Environmental parameters (temperature, conductibility, salinity, pressure, natural
optical noise from sea organisms)

* specialised instrumentation for seismology, gravimetry, radloactlwty,
geomagnetism, oceanography and geochemistry

Associated sciences nodes will be independent (dedicated |
secondary junction boxes) from the main installation of the
neutrino telescope. The associated science infrastructure %a
will be continually evolving; simple and cost effective
upgrade of components is taken into account.

KM3NeT will become part of the ESONET (European Seafloor Observatory Network)



03/2008->03/2011

EU FP7
framework funding

next step: RM3NeT Preparatory Phase (PP)

political and scientific convergence on the legal, governance,

financial engineering and siting aspects

construction of the KM3NeT infrastructure is foreseen to start after

the three year preparatory phase (2011).

Include quality control and risk analysis

Giulia De Bonis
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Summary and Perspectives
RM3NeT Timeling

now
Q6 > Qg NN
O R l o »
«% & & &
Design Study
Preparatory phase
EU FP6 | Construction phase (includes prototyping) '

framework funding

| Data taking phase }
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Summary and Perspectives

RM3NeT Timeling

EU FP6
framework funding

Design Study
Preparatory phase

EU FP7
framework funding

| Construction phase (includes prototyping) '

| Data taking phase }
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back-up slides

Giulia De Bonis
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dtev's Produetlon Heeglgration

Fermi engine (AGNs, SNRs)

» protons, confined by magnetic fields, are accelerated
through repeated scattering by plasma shock front;

» collisions of trapped protons with ambient plasma
produce ys and vs through pion photoproduction
mechanism:

p+N,y =X +”: . neutrinos}ﬂ E,~0.05E, ||

JT° —> y —rays

[A. Ringwald]

core of Galaxy NGC 4261 Giulia De Bonis
Hubble Space Telescope




CR Propagation = GZR cut-off

[Greisen — Zatsepin — Kuzmin]

The UHE CR horizon is limited by interactions with low energy background radiation
=» Pion Photoproduction

pan Ey~10*eV E,~3x10" eV
P+ yeue— A" — — (et
n+m*
|_> M+ +VM
et +v +v
Vet Ye | nugr ~ 400 o3 APCMBR 1 <50 Mpc
p+e +v, Op,~ 100 ubarn O, Nemer

GZK NEUTRINOS (cosmogenic neutrino flux)

Neutrinos at 10"7-19 eV predicted by standard-model physics through the GZK process
observing them is crucial to resolve the GZK puzzle

Giulia De Bonis



