HE 6.3.05

Site characterization for a km 3 scale deep underw ater astrophysical Neutrino observatory in the M editerranean Sea

A.Capone §

6 Physics Department, University^La Sapienza~ of Roma and INFN of Roma, Roma, Italy

§ on behalf of NEMO Collaboration

Abstract

In thenext decadet heconstruction of a kilomet er-scaleAstrophysical Neutrino Obser vatory in the

Medit erranean Sea could becomea reality. NEMO Collaboration has been funded bot h to study the characteristics of somedeep sea Medit erranean sit es, closet o theItalian coast, wher ethekilomet er-scale

Cer enkov Det ect or could belocated, and to develop technologies relevant for its design and optimization.

Results obtained so far and theprogramof work for thenear futurewill bedescribed.

1 Intr oduc tion.

Oneof theopen problems in Astro-ParticlePhysics is theorigin of ver y high-ener gy particles in cosmic rays. Cosmic ray spectrumshows events with energy in excess of 10 20 eV (ref. N.N. Efimov et al. , 1991,

D.J. Bird et al. , 1993) . Gamma Ray Astronomy has been able to identify few extra-galactic accelerators able to producehigh-ener gy photons . If high-ener gy phot ons are generat ed through theproduction and decay of neutral pions it is reasonable to expect, from thesame sources, an associated high-energy neutrino flux through theproduction and decay of charged pions. Neutrinos, as well as photons, being not deflect ed by int ergalactic ma gnet ic fields, offer thepossibilit y to ident ify their sources through the"sourcetracking back", i. e. the"neutrino astronomy ~. Neutrino astronomy will complement and ext end thetradit ional ga mma rays astronomy. High-ener gy ga mma -rays fluxes arereduced, in int ergalact ic space, by the int eraction wit h thebackground infrared light. Weekly int eracting neutrinos will escapetheseint eractions and will allow to exploreregions of theuniverseinvisiblewit h thephot on det ection. More than 20 years ago V. S. Ber ezinskii and G. T. Zatsepin (ref. V. S. Berezinskii and G. T. Zatsepin , 1977) proposed to build an underwater Neutrino Telescope based on thedetection on Cerenkov light generated by neutrino induced high energy muons. It is clear today that theidentification of neutrino fluxes expect ed fromastrophysical sources requir es a det ect or with an effectivearea closeto 10 6 m 2 instrument ed along a distancecomparable to therange, in wat er, of thehigh ener gy (~1000 TeV) muons. A det ector of such d imensions, usually called a "K m 3 Neutrino Telescope", is oneof themain goals of the Astro-ParticlePhysics today. Medit erranean

Sea offer s optima l condit ions, on a worldwidescale, for locating an underwat er neutrino t elescope. Along theItalian coasts ther eareseveral places, at dept hs beyond 3000m, pot ent ially int erest ing to host an undersea neutrino t elescope. Thechoiceof theKm 3 scaleneutrino t elescopelocation is such an important task that careful studies of candidatesit es must becarried out in or der to ident ify the most suitable one.

NEMO Collaboration has start ed a two years program to c haracteri ze deep-sea Italian sites that could be appropriate for the construction of a deep-sea high-energy neutrino detector. We will study deep-sea water optical properties (absorption and diffusion) and thesites environmental properties: water temperature, biological activity, wat er cur rent, salinity and sedimentation.

2 Selecting a deep-sea site for Km 3 size Ne utrino Telesc ope.

Theselect ion of thesit ewher etheKm 3 det ect or can belocated implies several requir ements.

a) thesit ehas to bedeep enough to filt er out thedown-going at mospheric muon background to allow the selection capabilit y of up-going tracks (originated fromup-going neutrino int eractions in theEarth below thedet ector). Theneeded background reject ion is function of t he muon angle, of the muon

-480 0 480 960 1440 1920 2400 2880 3360 3840 4320

-20

-15

-10

-5

0

5

10

15

20 Cap o Pa sse ro

Lat: 36 o 30 N ; Long: 15 o 50 E; De pth : 328 9 m

0QTVJ

Nov 98 Jan 99 Feb 99

Dec 98 Oct 98

Sep 98

Ago 98

#XGTCIG�+PVGPUKV[�=EO�UGE?

#XGTCIG�#PING�

Q

%WTTGPV�+PVGPUKV[�=EO�UGE?

*QWTU

Figure 1 - Deep Sea current velocity in Capo Passero site over six monthstime ener gy and depends also on t hecapabilit y of the muon reconstruction programto correct ly distinguish

up-going tracks fromdown-going ones. At 3500mdepth under theS ea level t heatmospheric muon flux

is reduced by 5 order of ma gnitudes. If theprobabilit y of reconstructing as up-going a genuinedown-

going muon is lower than 10 -5 wewill beableto isolateevents dueto up-going neutrinos.

b) thesit ehas to becloseto thecoast. Thedata transmission to theon-shor elaboratory, as well as the

transmission of power fromthelaboratory to theoff-shor edet ect or, will beobtained via an electro-

optical mult i- fibr ecable. Thesekind of cables, generally used for communication and data

transmission, are expensiveand requir especial carein their deployment. Thetransmission of data over

distances less tha n 100 kmis possible, wit h DFB laser, wit hout any signal amplifier. Wehavealso to

consider that being too closeto t hecoasts could giveorigin to some difficult ies related to theeventual

presenceof "turbidit y" and "densit y~ currents on t hecont inental shelf boundary.

c) thesit ehas to show good opt ical under wat er properties. Thedet ector effectivearea is not only dir ect ly

det er mined by t he ext ension of theinstrument ed volume but is strongly affect ed by thelight

transmission in thewater. A muon track crossing thewater at about 50mdistancefrom thedet ector can

be easily observed sincetheemitt ed photons ha vea non va nishing probability to reach theOptical

Sensors. Mainly two microscopic processes affect thepropagation of light in thewat er: absorption and

scattering. Light absorption dir ect ly reduces theeffective area of thedet ect or, thescattering has a

negative effect on tracks reconstruction (based on themeasur ement of thephoton arrival timeon the

Phot on Det ect ors).

d) the"sedimentation"

in theselect ed

region must have

very low values.

Thepresenceof

sediments in the

wat er can affect

seriously t he

perfor mances of the

det ector. Sediments

incr easethelight

scattering and so

worsen thetrack

reconstruction

angular resolution.

Moreover a deposit

on thesensit ivepart

of Phot on Det ectors

reduces theglobal

det ector efficiency.

e) thesit ehas to be

"quiet ", i.e. the

wat er current has to

show low int ensity

and stabledirection. This is important for several reasons:

- it does not imply special requirements on themechanica l structure

- thedet ect or deployment and posit ioning is easier if thewat er current is limit ed

- the"optical noise" dueto bioluminescence, mainly excit ed by variation of thewater currents, is

reduced

Figure 2 - Ligth absorption and attenuation coefficient in Capo Passero deep-sea water asfunction of wave-length

In theMedit erranea n Sea weha veident ified four sites, closeto theItalian coast, that could beappropriate for theconstruction of t heKm 3 astrophysical neutrino det ect or. Approximately theco-ordinat es of these sit es are:

- 35 ° 50´ N, 16 ° 10´ E in theIonic S ea, South- Est of Capo Passero in Sicily

- 39 ° 05´ N, 13 ° 20´ E in the Tyrrhenian Sea, North- Est of Ustica isla nd (Sicily)

- 39 ° 05´ N, 14 ° 20´ E in the Tyrrhenian Sea, North of Alicudi island (Sicily)

- 40 ° 40´ N, 12 ° 45´ E in thecentral Tyrrhenian Sea, South of Ponza island (central Italy)

2.1 Deep-Sea current measurements. SinceJuly 1998 we havestarted a campaign of study in the select ed sit es to obtain theinfor mation list ed above. Wehaveposit ioned in theregion of Capo

Passero, at about 3300mdepth, a set-up madeby two ANDER AA RCM8 current-met ers posit ioned respectively 10mand 100mabovet heSea bottom. Thecurrent velocit ies measured by thet wo instruments arein very good agr eement. Thedeep-sea wat er current measured over six mot hs is quit e stablein int ensity (t heaveragevalueis about 2.8 cm/s) and direction (thewat er flows fromSE to NW and theaverageangleis 38 ° NW) as shown in Figur e1. Themeasurement is still going on. Weplan to collect data over mor ethan oneyear in order to observe, eventually, seasonal dependenceof deepsea currents.

2.2 Deep-Sea water optical properties. To characterizethedeep-sea wat er optical properties we measur ed theabsorption and attenuation coefficients, down t o

3500munder thesea surface, at 9 differ ent wavelengt hs in therange

412÷715 nm. Thebasic devicefor theseopt ical measur ements is an AC9

^ transmissomet er~ by

WetLabs. This instrument was connect ed t o a CTD

(Ocean MK317, by

IDRONAUT) ableto record data on Dept h, wat er Temperatureand

Salinit y. Thesetup was connect ed, in t elemetry, to a data acquisit ion syst emon sea surface.

Wit h this setup during several cruises of the

Italian Research Vessel

UR ANIA weha vebeen ableto collect data in two sit es closeto Ponza isla nd, in two sit es close to Capo Passero and in thevicinity of Matapan

Abyss (Eastern Ionian

Sea). TheAC9 transmissomet er is ableto measure, via dual path measurements, absorption and attenuation coefficients wit h good accuracy (~10 -3 m -1 ) onceit is carefully calibrated. In Figur e2 we comparevalues of absorption (a( l )) and attenuation (c( l )) coefficients measured in theregion of Capo

Passero to thepurewater coefficients (ref. Pope1993, Bulteveld, et al.). A preliminary analysis of data collect ed in Ponza and in Capo Passero shows that theopt ical properties of deep-sea water in thetwo sit es arecloset o thepurewat er ones. Themeasured absorption coefficient closeto Capo Passero sit e at ~3300mdept h) a mounts to a( 440 )= 0.014±0.003 m -1 , whilet hevalueof attenuation coefficient in thesamesit eis c( 440 )= 0.025±0.003 m -1 . Thesevalues will allow to evaluatethelight transmission lengt h in wat er when t hediffused light angular distribution will beknown. In deep-sea water light transmission suffers both for Rayleigh and Miescattering. Assuming for Miescattering a conservative valueof theaveragediffusion angle(< cos J > ~ 0.9) wecan evaluat ea transmission length closeto

60m.

3 Activity pr ogram f or ne xt future

3.1 Diffused light angular dist ribution. Absorption and attenuation coefficient values must be coupled to theknowledgeof thescatter ed light angular distribution in order to estimat etheeffective attenuation in sea-water. An angular distribution characterized by a forward peak < cos J > ~ 1 will slight ly affect phot ons traject ory even if scattering coefficient is big, on thecontrary a wideangular distribution could affect seriously light transmission. Wearebuilding an apparatus devot ed to such measur ements. Weplan t o deploy it in theregion of Capo Passero during 1999.

3.2 Sedimentation rate and biofouling. Bio-fouling and sedimentation arealso releva nt parameters in choosing thesit efor locating a Km 3 det ector. ANTARES Collaboration has shown t hat biological growt h on Optical Modules can reducethetransparency of glass surfaces, looking upwards, in few mont hs and then light det ection probability decr eases significa ntly. Wewill deploy, in Capo Passero sit eduring summer 1999, a deep-sea station to measuresedimentation and bio-fouling ratefor a long ter mperiod (about oneyear). A standard sedimentation trap will acquir einfor mation on particulat e density and dimension. Sedimentation infor mation will beint egrated over onemont h period. Biofouling ratewill beevaluated measuring thetransparency of a glass spher econtaining an array of photodiodes and illuminat ed by a blueLED light. Thedeep-sea station will bealso provided by a CTD and a current-met er in order to relatebio-fouling data to oceanographic paramet ers. An acoustic modem will allow us to download data up to thesea surfaceat any time. Thestation will providedata almost in real time.

4 References:

- N.N.Efimov et al. ICRR Symposiumon Astrophysical Aspects of t heMost Energet ic Cosmic Rays, ed.

by M. Nagano, F. Takahara, World Scient ific (1991)

- D.J. Bird et al. Phys. Rev. Lett. 71 (1993) 3401 [4]

- V. S. Ber ezinskii and G. T. Zatsepin, Sov. Phys. Usp. 20(1977) 361.

- R.M. Pope, Ph. D. Thesis. (Texas A & M CollageStation, TX, 1993)

- H. Bulteveld, J.H.H. Hakvoort & M. Donze, Optical properties of purewat er, in Ocean Optics XIII, J.S.

Jaffe, ed. Proc. SPEI, 2258, 174-183, 1994