(Towards) a km*® detector in
the Mediterranean Sea
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Introduction

= Previous talks (ANTARES, BAIKAL, NEMO, NESTOR) have
summarised: the current situation with water-based optical
Cerenkov telescopes

= ANTARES/NESTOR' - building and deploying first generation: devices
In the Vieaditerranean

= NENO: - studying technological oplions for km3 infrastructure

= This talk looks to the future - cubic kilometre scale devices

5. Since Neutrine 2002:
= [EIrst cublc Kilemelre workshop - VIV v in Amisterdanm:in, Octeher
2003 - alsernaustiial  presentanons: e.q. Hamamatst, FPhoionis, E1LE;
Saclant, eftc.
= KIVISINETREUNERPG DesIgnr Study: wiritten: ana: subnriitied inriviarch: 2004




Why the Mediterranean?

Obvious complementarity tor ICECUBE
Availability of deep: sites - up to;~5000m
Candidate sites often close to shore -
- |logistically attractive
l_.ong scattering lengthileads; te

excellent pointing aceuracy,

Re-surfacing andl re-deployment of
faulty/damaged detector elements Is
fieasible




Motivation and Objectives

. Scientific. programme addressed by a cubic

kilometre scale detector involves
Observation of high energy neutrinoes from
astrophysical point sources
Measurement orthe. diffuse. fiux:
Indirect searchiior neutralinor dark: matter
accumulated inr astrophysical bodles from
the neultraliner annihiiaton: products

larger; efiective  area will permiti this torbe dene
Withi impreved precision: and sensitivity

=0 ender torde thist It ISt Recessaly/ 1oy optimise
a - Neutrine: detectionrenciency (efective volume/area)
= [Reconstruction erneutrine: direction
= Rejection orhackgroynas (atm. ReEUlines; muoens;)

Whilstrkeeping costs tora minimun!




Motivation and Objectives
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KM3 Design Considerations

DETECTOR
ARCHITECTURE

POWER DISTRIBUTION

DEPLOYMENT,
SEA OPERATIONS

READOUT

PHOTODETECTION

vA

CALIBRATION




Detector Architecture
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= A number of different solutions exist: |
= [Homogeneous Strings
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Detector Performance

= \Want to determine

= \/ery many parameters - some well _
» Effective area/volume

known, some less well known; €.9:: |
Detector layout = Angular resolution

Water properties (absorption, = Energy resolution
scattering, dispersion) = Sensitivity.to cascades
Optical backgrounds as a function ofi cost
Currents
Sed/mentation

Example of types of
calculations being
made:

Effective area and
angular resolution
for a 5600 PMT

detector with 5
different levels of !'5

40K backgrounds log, E,(GeV) log,oE,(GeV)
Plots from P. Sapienza




Power, Mechanics

AC or DC, shore to detector?
Redundancy? (>1 cable)

\Wet-mateable vs. dry-mateable
(Underwater) connectors

Reduce number of connectors
due to relatively high cost

Power Budget:
ANTARES:
16kW over 40km
NEMO:
34kW over 100km

Power distribution scheme (hew:
many: JUnclion; POXES;, hierarchy,
ete.)

\Viaterials: anti-corresion,
pressure-resistant, water
Blecking

INew: ideas: encapsulation




Sea Operations: (1)

Y Rigid/semi-rigid towers vs.
flexible strings

Also different construction-
connection-adepleyment
approaches e.g.:

x Connectin:air-then deploy.
(ne need for ROVS, elc.)

= Peploy:then connect

undersea

Other optiens, use ofi ship
o depleyment platierm




Sea Operatlons (11}

Different deployment
strategies, central “star”
arrangement vs linear

(surface connected) topology.
a la NESTOR

Possible “selii connecting™
systems that obviate the
need for ROVs/submarines




Photo detection (1)

Presently limitation; comes from; size of the
pressure housings available for the optical
modules (177)

Largest PMT that can fit into this housing is the
Hamamatsu 13" used by NESTOR
[Design; requirements; iInclude:

Highrquantum efficiency.

l-arge photocathede area

Wide angular coverage

Goeod single phoeton
iesoelution k2556 1 v1=-85KV
V2 = 350V

IHIgh dynamic iange

Example of new devices
discussed:
Hamamatsu HY0010 HPD

Excellent np.e. resolution

500 1000 1500 2000 2500 3000
QOutput Pulse Height [ADC ch]




Photodetection (II)

= Other novel ideas include increasing
photocathode area with arrays of small. PMTs
packed Into pressure housings: - low: cost!

= Also on the “wish list*
possibility of
determining the
photen: direction via,
e.d.
a Vulti-anedic PIVITS

pIUS; a rmatrix. or:
Winston cones

: l Cable passes

Space for readout

Visible photocathode
area = 500 cm?

r space for HV

through centre




Calibration

Three main areas:

Timing calibration - high
accuracy needed for relative
calibration - determines angular
resolution at high' energies.
Affected by choice of
pPhotesensor, dispersion in the
medium, electronics delays;, ete.

Will‘require distributed clock
system plus pulsed light seurces
Vionitering off positioning ofi
opticall detector elements; alse
Impertant I determining everall
detector perionrmance

Amplituder calibbration - gain frem
40K Single p.e.
Two p.e.
Dark Noise
Sum

E

Number of Events pgr & mY

Plot from S. Tsamaris Pulast Height {rriv)

Scalability’ off curirent caliloration
systems (o) cubic kilemetre




Readout and Data Transfer

The data rate from a KM3 detector
will be high - estimated at 2.5-10
Gb/s

Questions addressed included:

"  Oplimal data transfer to: shore
(many/fibres: + few:colours, rew.
fibres: + many. colours, elc.)

IHOW mMUCH ProceSSIng torhe done
at'the eptical module

n Analogue vs. digitall ONs = implies
d/iferingl approaches; tordesigr, of:
front end electronics

Data viterng willplay an mporiant
role

source:

1 2 3
1
lnm 2
M7y
“, I 1

One possible data distribution
concept

Alsoe discussed: application of
current PP. GRID technologies
101 Seme ol these open
guestions




EUIFP6 Design Study: KM3NET
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Collaboration of 8 Countries, 34 Institutions

Aim to design a deep-sea kme-scale observatory for high energy neutrino
astronomy’ and an associated platform for deep-sea science

Reqguest for funding for 3 years - end product willlbe a TDR for KM in| the Med

Astroparticle Physics Physics Analysis SyStEm I/ [Pl
ngineering
Shore and deep-sea Sea surface
Information Technology :
structure infrastructure

Resource Exploration Associated Science

A TDR for a Cubic Kilometre Detector in the Mediterranean




Site Evaluation

i W W W — — = Final choice of site will depend
Atlantic SRR 7 PR A on a number of factors
Tancel | CAGIONIN o poma N including:
= [Depth
Accessipility.
Distance from shore
Potassium-40 rate
Bioluminescence. rate
Sedimentation
Sea current
.. ElC.

Bilack Sea

The selection of the optimal site for the infrastructure presents a unique challenge to our
scientific community due to the intricate interplay between scientific, technological, financial
and socio-political/regional considerations. It is our intention to deliver a clear prioritisation

of site qualities based on scientific, technological and financial aspects only. However,
depending on the strength of this prioritisation, the final site selection may well be determined
by socio-political/regional considerations. Whether weak or strong, this Design Study
prioritisation will provide a sound, rational basis for decision-makers.




Conclusions / The Future

Previous talks have highlighted the current status ana
successes o “first generation™ water-based optical- Cerenkov

telescopes

There /s a compelling scientific argument for complementing
the planned ICECUBE array: with ai cubic Kilometre scale
detectorin, the Norhera henmisphere

Since Neutrine 2002 these has heen muchi positive progress in

pringing the EUNHE neutine community, tegether tewaras this
goalle.g. cross-calibration of sites, design Working group

The first step towards a cubic kilometre detector in the
Mediterranean




