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Wh t i KM3N T?Wh t i KM3N T?What is KM3NeT?What is KM3NeT?

A future deep sea Research InfrastructureA future deep sea Research InfrastructureA future deep sea Research A future deep sea Research 
Infrastructure Infrastructure A next generation water Cherenkov A next generation water Cherenkov 
neutrino telescopeneutrino telescope
A next generation water Cherenkov neutrino telescopeA next generation water Cherenkov neutrino telescope

EC FP6 Design Study for aEC FP6 Design Study for appEC FP6 Design Study for a EC FP6 Design Study for a 
Deep Sea Facility in the Mediterranean for Deep Sea Facility in the Mediterranean for 

Neutrino Astronomy and Associated SciencesNeutrino Astronomy and Associated SciencesNeutrino Astronomy and Associated SciencesNeutrino Astronomy and Associated Sciences

which started February 2006
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KM3N T tiKM3N T tiKM3NeT consortiumKM3NeT consortium

38 institutes from:38 institutes from:

Cyprus, France, Germany, Greece, IrelandCyprus, France, Germany, Greece, Irelandyp , , y, ,yp , , y, ,
Italy, Malta, The Netherlands, Spain, UKItaly, Malta, The Netherlands, Spain, UK

+ + ++ + +..
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KM3N T DS bj tiKM3N T DS bj tiKM3NeT DS objectivesKM3NeT DS objectives

Effective volume Effective volume ≥≥ 1 km1 km33

A l l ti f 0 1A l l ti f 0 100Angular resolution  for muons: 0.1Angular resolution  for muons: 0.100

(for neutrino energies ≥≥ 10 TeV)10 TeV)
Energy threshold: few 100 GeV                             Energy threshold: few 100 GeV                             
(~100 GeV when pointing)(~100 GeV when pointing)
Sensitivity to all neutrino flavours,         Sensitivity to all neutrino flavours,         
CC/NC reactionsCC/NC reactions
Field of view: close to 4Field of view: close to 4ππ for high energiesfor high energies

Targeted budget:Targeted budget:
E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007

Targeted budget:Targeted budget:
MM€€220220--250 (ESFRI roadmap)250 (ESFRI roadmap)



KM3N T DS d li blKM3N T DS d li blKM3NeT DS deliverablesKM3NeT DS deliverables

Conceptual Design Report: autumn 2007 Conceptual Design Report: autumn 2007 
( k h i A t d N b 2007)( k h i A t d N b 2007)(workshop in Amsterdam, November 2007)(workshop in Amsterdam, November 2007)

Technical Design Report: spring 2009Technical Design Report: spring 2009
a.o.a.o.
–– Technical description of major partsTechnical description of major parts
–– QA/QC proceduresQA/QC procedures

O i l iO i l i d bi id bi i–– Optimal siteOptimal site--detector combinationsdetector combinations
–– Inventory of resource opportunitiesInventory of resource opportunities
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N t i tN t i tNeutrino astronomyNeutrino astronomy
Antartica Mediterranean SeaAntartica Mediterranean Sea

Mkn 421
Mkn 501
RX J1713.7-39

SS433

CRAB
Mkn 501

CRAB

GX33
9-4

SS433
Galactic
Centre

VELASS433
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SimulationsSimulations

many parametersmany parameters...many parameters......many parameters...



SimulatingSimulatingSimulating Simulating 
various configurationsvarious configurations

CuboidialCuboidial,
Ring,
Hexagon,
Cl t dClustered,
IceCube-like
...

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007
Usually with Antares environmental parameters



EstimatedEstimatedEstimatedEstimated
neutrino effective areaneutrino effective area

Configuration 1 (1 km3):
127 lines in hexagon
100m line spacing
25 storeys, 15 m apart
3 Antares (10”) PMTs 

per storey

Configuration 2 (1 km3):
225 li i b id id225 lines in cuboid grid
95m line spacing
36 storeys, 16.5 m apart
21x3”PMTs per storey

Ref. ICRC0865, J. Carr et al

21x3 PMTs per storey

Antares site parameters

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007
Thesis S. Kuch, Erlangen



EstimatedEstimatedEstimatedEstimated
sensitivity to HESS sourcessensitivity to HESS sources

Neutrino energies 1TeV – 1 PeVg
Muon event rates for 5 years of data taking

Ref. ICRC0865, J. Carr et al
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EstimatedEstimatedEstimatedEstimated
diffuse flux limitdiffuse flux limit

Configuration 2:Configuration 2:
225 strings with lower
half sphere multiPMTs

No atmospheric muon
background taken 

into account

No energy 

Thesis S. Kuch, Erlangen

gy
reconstruction

applied
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EstimatedEstimatedEstimatedEstimated
EE--22 flux limitflux limit

Configuration 2:
225 lines with lower 

half sphere mulitPMTs

No atmospheric muono at osp e c uo
background taken 

into account

Muon energy 
reconstruction

perfectperfect

Neutrino energies
1 T V 1 P V

Thesis S. Kuch, Erlangen
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1 TeV – 1 PeV



...on the shoulders of.......on the shoulders of....



DUMAND and BaikalDUMAND and BaikalDUMAND and BaikalDUMAND and Baikal
what have we learned?what have we learned?

Dumand: wet mateable connectors are weakest Dumand: wet mateable connectors are weakest 
pointpoint > minimize # wet mateable connectors> minimize # wet mateable connectorspoint  point  --> minimize  # wet mateable connectors> minimize  # wet mateable connectors
Baikal: no junction boxBaikal: no junction box --> no wet mateable > no wet mateable 
connectorsconnectorsconnectorsconnectors

EEthr thr ~ 15GeV~ 15GeV

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007 ref. astro-ph /0609711v1



AMANDA/IceCubeAMANDA/IceCubeAMANDA/IceCubeAMANDA/IceCube
what have we learned?what have we learned?
Remote operation Remote operation --> virtual control room> virtual control room
InIce: high level of mass production of InIce: high level of mass production of strings
(currently 780 OMs on 13 strings per summer)(currently 780 OMs on 13 strings per summer)( y g p )( y g p )
IceTop: calibration, veto,  CR physics                    IceTop: calibration, veto,  CR physics                    
> SeaTop?> SeaTop?--> SeaTop?> SeaTop?

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007



MediterraneanMediterraneanMediterraneanMediterranean
what have we learned?what have we learned?

Antares:Antares:
–– Monitoring of  position Monitoring of  position flexible structuresflexible structures
–– AllAll--datadata--toto--shoreshore
--> minimize off> minimize off--shore electronicsshore electronics

Nemo:Nemo:
C t d l t– Compact deployment

-> maximize number of OMs per hour deployment
Nestor:Nestor:

TelescopeTelescope toto shore connection without ROVshore connection without ROV–– TelescopeTelescope--toto--shore connection without ROVshore connection without ROV
--> minimize  wet> minimize  wet--mateable connectorsmateable connectors

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007



...use this experience in ...use this experience in 
KM3NeT...KM3NeT...



O ti l M d lO ti l M d lOptical ModuleOptical Module

Smart tube
X-HPD
( & )(R&D)

Segmentation of photo cathode of 10” PMT

lti PMT i l h R f ICRC0489 P K ij

“Flykt” sphere

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007

multi PMTs in one glass sphere Ref. ICRC0489, P. Kooijman -> number of connectors per photo cathode area minimized



R d t/d t t i iR d t/d t t i iReadout/data transmissionReadout/data transmission
Three options studied:

a la Antares
multi λ

cw laser

50 .. 100 λ’s 
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– on-shore smart TDC modulator

Ref. ICRC. 0490, P. Kooijman  et al
-> number of active 

components  off-shore minimized



D t ti itD t ti itDetection unitDetection unit

Rigid or flexible structureRigid or flexible structure
B th ti kB th ti kBoth options can work, assess:Both options can work, assess:
–– ReliabilityReliability

#(wet mateable) connectors#(wet mateable) connectors#(wet mateable) connectors#(wet mateable) connectors
–– Production modelProduction model

Distributed versus single assembly siteDistributed versus single assembly siteDistributed versus single assembly siteDistributed versus single assembly site
Transport to deployment siteTransport to deployment site

–– Deployment modelDeployment model
Dependence on weather conditionsDependence on weather conditions
#(sub)sea operations: #OM per hour deployment#(sub)sea operations: #OM per hour deployment

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007



Production modelProduction modelProduction modelProduction model
exampleexample

Configuration:Configuration:
–– 10000 optical modules10000 optical modules

250 detector units250 detector units
15 / day
10 / month–– 250 detector units 250 detector units 

–– 25 calibration units25 calibration units
10 / month
1  / month

3 years for construction3 years for construction
(2010(2010 2013)2013)(2010(2010--2013)2013)

~ 5 assembly sites are needed

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 200710 “lines” /400 OMs per month to be deployed



DeploymentDeploymentDeploymentDeployment
of few hundred OMs per monthof few hundred OMs per month

a la NEMO, but with
flexible structures

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007-> Large number of optical modules per hour deployment



DeploymentDeploymentDeploymentDeployment
one step furtherone step further

Multiple interconnected 
strings deployed at once?strings deployed at once?

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007-> Less  wet-mateable connectors



SeaTop?SeaTop?SeaTop?SeaTop?
...for calibration only...for calibration only

Three stations at 20 m distances 
with 16 m2 scintillators each

Calibration:
• angular offset 
• efficiency 
• angular resolution
• absolute position
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A i t d iA i t d iAssociated sciencesAssociated sciences

KM3NeT site in ESONET and EMSOKM3NeT site in ESONET and EMSO
KM3NeT report:KM3NeT report:

Opportunities for Long Term Cabled 
O SObservatories in the Mediterranean Sea
editors I.G. Priede and A.J. Jamieson

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007



Sit l tiSit l tiSite selectionSite selection

KM3NeT rKM3NeT report input for discussion:

Evaluation of existing waterEvaluation of existing water, 
oceanographic, biological and 

l i l d t f did t itgeological data from candidate sites

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007



Sit l tiSit l ti ?Site selectionSite selection ?
Final choice will depend on

– DepthDepth
– Distance from shore
– Bioluminescence rate

Sedimentation– Sedimentation
– Biofouling
– Sea currents

E th k fil– Earth quake profile
– Access to on-shore high speed networks
– ……

– Socio-political/regional considerations

E. de Wolf, Nikhef/UvAE. de Wolf, Nikhef/UvA RICAP07, Rome, 22RICAP07, Rome, 22ndnd June 2007June 2007



KM3N T hKM3N T hKM3NeT phasesKM3NeT phases

Design study: 2006Design study: 2006--20092009
–– Technical Design ReportTechnical Design Report

Preparatory phase: 2008Preparatory phase: 2008--20112011
(proposal submitted)(proposal submitted)
–– Political convergence (site)Political convergence (site)
–– Commitment for construction of funding agencies/ministriesCommitment for construction of funding agencies/ministries
–– Governance and legal structureGovernance and legal structure
–– System prototypeSystem prototype
–– Tendering proceduresTendering procedures

C i h 2010C i h 2010 20132013Construction phase: 2010Construction phase: 2010--20132013
–– Build Build ≥≥1 km3 detector1 km3 detector
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F KM3N T filF KM3N T filForeseen KM3NeT profileForeseen KM3NeT profile

Design Study

Preparatory Phase

Construction

Feb 2006 Jan 2008 Mid 2010Feb 2006

CDR TDR

Assembly model

TendersCDR TDR

Production model for detection unit

Financial plan

Now
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Conclusions ofConclusions ofConclusions of Conclusions of 
ECRI 2007ECRI 2007
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SSSummarySummary

KM3NeT DS is well on its way
– Building on experience of existing telescopes
– CDR workshop in November 2007

Waiting for a decision on FP7-PP proposal
– Commitments for construction
– Governance
– Site selection
– System prototype
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New groups are welcome!New groups are welcome!


