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Abstract: The NEMO (NEutrino Mediterranean Observatory) Projectsaaitthe construction of a kin
scale neutrino telescope in the Mediterranean Sea. Aftensive deep-sea surveys performed in several
sites in the Mediterranean, an optimal installation sitetlie apparatus has been identified at a depth of
3500 m, about 80 km off Capo Passero, at the SE corner of Sit@ly. In this talk, we illustrate the
apparatus design and discuss its simulated capabilitiegsh&nh show the results of our long-lasting R&D
efforts toward the construction of the apparatus. Spedifittae NEMO Project has recently completed
the Phase 1, consisting in the construction, deploymenbpadation of a subsystem which includes all
the key elements of the apparatus at a test site located gitla de2000 m, about 25 km off the coast
of Catania. The system is presently fully operating andltesue presented in this talk. The NEMO
Collaboration activity is now dedicated to the instruméinta of the Capo Passero site including the
deployment by the end of 2007 of a 100 km electro-opticaleabhnecting the site to the Porto Palo
shore station and in 2008 the deployment of a full-size Tower

Introduction erage, including the investigation of the Galac
Centre that has raised interest after the recent
High-energy neutrinos are expected to be very pressive results from HESS on the detection
promising probes to investigate the most energetic TeV gamma rays[5]. The Mediterranean Sea
phenomena in the Universe. Neutrinos may eas- fers optimal conditions to locate the telescope ¢
ily escape even from thick sources, are hardly ab- three collaborations are currently operating: 1
sorbed during their propagation and are not de- ANTARESI6] Collaboration is building an undei
flected in magnetic fields. They are therefore water detector demonstrator of about 0.1%kat
the ideal candidate particles to point back to the about 2400 m depth, 40 km offshore Toulon; t
sources of high-energy cosmic rays. NESTOR([7] Collaboration aims at the deployme
However the expected low fluxes, estimated Of the first NESTOR tower with 10m? effective
mainly from the measured cosmic ray fluxes and @€a forE;, = 10 TeV and the NEMOI8] Collab-
from theoretical model for several high energy Orationwhose activity is the topic of this presen
sources (GRB, AGN, GZK, ...)[1] require a detec- FIOI']_. Th_e three coIIaborau_ons are presently par
tor with a sensitive volume in the Kirscale. Afirst  Pating in the KM3net Design Study[9].
generation of small scale detector instrumentation The NEMO Collaboration was formed in 19¢
with photomultipliers (PMT) have been realized Wwith the aim to carry out the necessary R&D t
(AMANDA[2] in the South Pole and BAIKALJ[3] wards thekm? neutrino detector. In the beginnin
in the Baikal lake) demonstrating the viability of the activity has been mainly focused on the sea
the detection in deep water or ice of the Cherenkov and characterization of an optimal site for the?
light emitted by neutrino induced muons. installation and on the development of a feasit
Following the success of AMANDA the kin ity Study of the detector. Very recently the realiz
ICECUBE[4] is presently under construction at ton of a small scale technological demonsrat
the South Pole. A similar detector located in the the SO called NEMO Phase 1 project, has been «

northen emisphere would provide the full sky cov- C€Sfully completed.
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measured during five different campaigns. The
Figure 1: The south lonian Sea, showing the lo- ported values are the average in the depth reg
cation of the site selected and characterized by the2850-3250 m. Dashed lines are the average ¢
NEMO Collaboration. the five campaigns.

Site Selection and Characterization The optical background has also been studied
generates from the decay ¥, which is present
The Mediterranean Sea offers optimal conditions in seawater, and from the light produced by |
to locate thekm?® telescope. The seabed along ological organisms (bioluminescence). In Ca
the Italian coast can reach, at distances less thatPassero an average rate of about 20-30 kHz of
100 km from the shore, depths beyond 3000 m. tical noise, compatible with what expected fro
These features are very important because deeppure “°K background, with rare high rate spike
water helps to reduce the low energy component of due to bioluminescence has been measured
the down-going atmospheric muons and the rela- depth of 3000 m in several sea campaigns. T
tively short distance from the coast allows the data result is in agreement with the vertical distrib
transfer between the on-shore station and the de-tion of bioluminescent bacteria measured in Ce
tector by means of standard electro-optical cables. Passero, that shows a very low concentratior
The candidate site has been identified in the lonian these bacteria at depths greater than 2500 m.
Sea §6° 19'N, 16" 05' E) after 30 sea campaigns peep sea currents have been continuously m
started in July 1998. The site location, as shown in 4164 in Capo Passero since 1998. The anal
Figure 1, is a wide abyssal plateau with an average ‘
depth of about 3500 m, located at less than 80 km mogeneous along the part of the water column t

from the shore. has been monitored (at depths between rouc
The transparency properties, such as the absorp2800 and 3400 m) with very low average valu
tion, scattering and attenuation lenghts, of the wa- (around 3 cm/s) and peaks never exceeding
ter have been measured with the AC9 transmis- cm/s. The downward flux of sediments has a
someter at nine different wavelenghts ranging from been analysed. The annual average value of m
412 nm to 715 nm [10]. The measured values of rial sedimenting at large depth in Capo Passer.
the absorption lenght, as shown in Figure 2, are about 60 mg m? day !, a rather small value a
close to those of optically pure sea salt water (about expected for an oligotrophic environment such
70 m atA = 440 nm). Seasonal variations are neg- the lonian Plateau.

ligible and compatible with the instrument experi-

mental error.

shows that the behaviour in the area is almost
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The NEMO Detector Layout and Per- T
formance 3 R

The design of the mechanics and electronics of an
underwater telescope should fulfil several specifi-
cation: a) it should allow an “easy, fast and cost
effective” deployment of the whole detector struc-
tures (to be completed withisr 5 years); b) per-
mit both routine maintenance on the detector site
as well as the recovery of the structures for special
maintenance and/or reconfiguration; c) ensure the
transmission to/from shore of slow controls and of ool
all PMT signals, possibly without any data filter- Logw E, (GeV)

ing. Moreover, all the elements must be reliable

for a period of time of the order of ten years which

is roughly the expected detector lifetime. Figure 3: Effective areas and median angles
The NEMO Collaboration carried out the study of twee_n true and reconstruct(_ed muon tracks a
the technical feasibility of thém? detector, taking f_unct|o_n of muon energy fqr different detec‘t‘or co
into account all of its components and their deploy- f|gurat|or,1,s. The SOI'q line is for the 10x10 homf
ment, that eventually yielded a preliminary project geneous” detectorwith a 20“kHz backgroun,tyj. .S'
of the detector. This study was carried out in close bols are for a 9x9 array of "NEMO Towers” wit

contact with leading companies in the field of deep E:_f'ferent background racljtiszzoszHkHz (fuIIdQOts), ¢
sea operations. z (open squares) an z (open diamon

The proposed detector is made by a square array of

9x9 structures (“Towers”) hosting a total of 5832 Phase 1, has been conducted in order to implen
optical modules (OM) each containing a 10" PMT. areduced-scale demonstrator of the apparatus.
The Tower height is 1 km and the distance be- project is under realization at the underwater t
tween Towers has been optimized to 140 m. The site of the Laboratori Nazionali del Sud (LNS) ¢
simulated effective area and the angular resolution INFN. This site, which is located at 2000 m deg
are reported in Figure 3. For comparison the re- at a distance of about 25 km from Catania, is ct
sponse of an “homogeneous” 10x10 detector madenected with an electro-optical cable connectec
of strings spaced by 125 m and with 5600 OM the shore station inside the Port of Catania (;
is also reported. Quality cuts are applied in or- Figure 4). In January 2005, the submarine teri
der to achieve an angular resolution for the recon- nation panels were installed on the cable so t
structed track comparable with the intrinsic one up Remotely Operated Vehicles (ROV) can be us
to E, =~ 1 TeV (note that the resolving power of to plug underwater instrumentation. A prototy|
a neutrino telescope is intrinsically limited by the station for acoustic background measurements:
angle between the neutrino and the muon). At 20 also installed on the site during the same campa
kHz, which is close to the measured value in Capo and it has been taking data continuously until C
Passero, the effective area is comparable to the 125cember 2006 when the detector has been disc
m spaced lattice case. nected and replaced by the Junction Box and
Tower prototypes. The Junction Box is a key 1
ement of the detector. It provides connection |
tween the main electro-optical cable and the det

_ . tor structures, The NEMO Junction Box is made
As an intermediate step towards the underwater pressure resistant steel vessel hosted in fibrec

km? detector and in order to ensure an adequate container to avoid corrosion. The Tower is a thr
process of validation of all the technical solutions dimensional flexible structure composed by a
proposed, a prototyping activity, called NEMO quence of storeys (see Figure 5) that host the

Effective area (km?)

Median (degrees)

The NEM O Phase 1 Project

1411



THE NEMO STATUS REPORT

v
SECONDARY JB §I-E
i > L -
i & g’\/ NEMO TOWER
B -
\o 314 ‘\,Aﬁ\ o

\
SHORE CABLE

FRIMARY 18 N\
N

SECONEARY JB \
o NEMO TOWER

Figure 5: A NEMO Tower storey.

Figure 4: Schematic layout of the NEMO Phase-1 Conclusions and outlook
project. Components and distances are not to scale.
The NEMO Collaboration in the first seven yee

_ ) _ ) of activity identified a site close to the coast
strumentation. The storeys are interlinked with ca- gjcjly optimal to install akm?® neutrino telescope

bles, the Tower is anchored on the seabed and theang successfully completed the NEMO Phast

structure is kept vertical by an appropriate buoy- aimed at testing technological solutions propo:
ancy on the top. For the Tower of NEMO Phase fgor the km3. A further R&D program will be

1 the number of storeys has been limited to 4, and geveloped within the KM3Net [9] Design Stud
the first storey is at about 150 m above the sea bot-jn which all the European institutes currently i
tom. Each storey is made by a 15 m long structure yo|yed in the Mediterranean neutrino astronor
hosting two optical modules at each end. Each OM projects are participating. The project has star
is equipped with a 10" Hamamatsu R7081Sel with iy February 2006 and in three years will produ
10 stages. The PMT time calibration is provided 5 Technical Design Report for the realization

by a LED system. The storeys host the read-out an underwater Cherenkov Rrscale neutrino tele-
and transmission electronics as well as the acousticgcgpe.

positioning system, the compasses, tiltmeters and
manometers necessary to control the storey posi-
tion and orientation.

The PMT output is sampled at 200 MHz using
two 100 MHz staggered Flash ADCs. A FPGA
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