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TheThe unifiedunified spectrumspectrum ofof neutrinosneutrinos

under-
ground

optical:
- deep water
- deep ice

- air showers
- radio
- acoustics
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�� PeVPeV andand beyondbeyond::
statusstatus andand perspectivesperspectives
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NeutrinoNeutrino ProductionProduction
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DiffuseDiffuse FluxesFluxes (1998)(1998)

γ bound

WB bound

MPR bound

p + γCMB � p +π
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SignalSignal predictionspredictions:: extragalacticextragalactic sourcessources

�� WBWB boundbound correspondscorresponds to 100to 100--500500 neutrinosneutrinos
per kmper km²²⋅⋅yearyear

�� AGNAGN predictionspredictions areare highlyhighly uncertainuncertain
((manymany ordersorders ofof magnitudemagnitude !)!)
butbut leaveleave roomroom forfor hopeshopes

�� SeveralSeveral olderolder AGNAGN modelsmodels dramaticallydramatically
violateviolate eveneven softsoft upperupper boundsbounds on diffuseon diffuse
fluxesfluxes, as, as derivedderived fromfrom CRCR

�� FluxesFluxes fromfrom individualindividual AGN:AGN: lessless constrainedconstrained

�� GRB:GRB: variousvarious modelsmodels,, benchmarkbenchmark modelmodel ofof
WaxmanWaxman--BahcallBahcall cancan bebe easilyeasily testedtested withwith
km3km3 detectorsdetectors
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SignalSignal predictionspredictions:: galacticgalactic sourcessources

�� PredictionsPredictions onon firmerfirmer groundground thanthan forfor AGNAGN
–– ShellShell--typetype SNRSNR
–– PulsarPulsar WindWind NebulaNebula
–– CompactCompact BinaryBinary SystemsSystems

�� ManyMany paperspapers inin thethe last 2last 2 yearsyears::
–– BednarekBednarek andand MontaruliMontaruli 20052005
–– VissaniVissani 20062006
–– DiStefanoDiStefano 20062006
–– LipariLipari 20062006
–– Kappes,Kappes, HintonHinton, Stegmann,, Stegmann, AharonianAharonian 20072007
–– GabiciGabici,, AharonianAharonian 20072007
–– ……

�� UnanimousUnanimous conclusionconclusion::
CubicCubic kilometerkilometer detectorsdetectors will justwill just scrapescrape thethe
detectiondetection regionregion
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ExpectedExpected νν flux from galactic point sources,flux from galactic point sources,
example: RXJ 1713example: RXJ 1713--39463946

Assume π0 � γ and calculate related π± � ν

C. Stegmann
ICRC 2007
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PKS2105PKS2105--304 (R. White, ICRC)304 (R. White, ICRC)

� PKS2105-304
as measured
by H.E.S.S.

� Correcting for
γ absorption

� kinematics for
ν/γ in source

� KM3NeT with
angular
resolution 0.5°

� S/Bg (> 1TeV)
= 27/61

� S/Bg(> 5TeV)
� =21/10 (�5σ)

R.J.White, ICRC
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ConclusionsConclusions forfor galacticgalactic sourcessources

�� NoNo strongstrong needneed forfor PeVPeV rangerange
�� NoNo strongstrong needneed forfor < 1< 1 TeVTeV and kmand km³³ det.det.
�� OptimumOptimum thresholdthreshold forfor typicaltypical analysesanalyses withwith

a km3a km3 detectordetector moremore likelike 55 TeVTeV

�� DesirableDesirable areaarea 55--10 km10 km²²

�� ButBut:: dondon‘‘tt forgetforget SNSN shellsshells inin firstfirst monthsmonths
afterafter explosionexplosion !!

�� AlwaysAlways toto thethe rescuerescue:: hiddenhidden sourcessources
((butbut theythey alsoalso eventuallyeventually shouldshould bebe visiblevisible atat lowlow photonphoton
energiesenergies !)!)
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Underwater/IceUnderwater/Ice:: opticaloptical telescopestelescopes

muon tracks cascades

σangle water < 0.3° water 3-6° (at 10 TeV)

ice 0.5-1° ice ~25° (at 10 TeV)

σenergy 0.3 in log E 30% in E (at 10 TeV)
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BasicBasic parametersparameters ofof presentpresent andand plannedplanned
neutrinoneutrino telescopestelescopes

EffectiveEffective νν areaarea::
�� ~ 0.1 m~ 0.1 m²² @ 10 TeV Amanda/@ 10 TeV Amanda/AntaresAntares

�� ~ 4 m~ 4 m²² @ 100@ 100 TeVTeV Amanda/Amanda/AntaresAntares

�� ~ 20 m~ 20 m²² @ 100@ 100 TeVTeV IceCubeIceCube nownow

�� ~100 m~100 m²² @ 100@ 100 TeVTeV IceCubeIceCube completecomplete

PointPoint sourcesource sensitivitysensitivity::
�� AMANDA, ANTARES:AMANDA, ANTARES: ~ 3~ 3⋅⋅1010--1010 νν / (cm/ (cm²² s)s) aboveabove 1 TeV1 TeV

�� IceCubeIceCube, KM3NeT, KM3NeT ~ 10~ 10--1111 νν / (cm/ (cm²² s)s) aboveabove 11 TeVTeV

((forfor 55σσ discoverydiscovery))



ν
Tel

Spiering
TeV-III

TheThe ProjectsProjects

Amanda

Baikal
Antares
Nestor, Nemo

IceCube

KM3NeT
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North and SouthNorth and South

South PoleSouth Pole

MediterraneanMediterranean

BUT:

„blind“

„blind“

Galactic Center



ν
Tel

Spiering
TeV-III

North and SouthNorth and South

�� At highAt high energiesenergies::
muchmuch lessless µµ BGBG
fromfrom aboveabove
�� looklook aboveabove
horizonhorizon !!

�� AtAt lowlow energiesenergies::
containedcontained eventsevents
in largein large detectorsdetectors
�� looklook aboveabove
horizonhorizon !!
.. ((moremore belowbelow))

IceCube, after 106 BG reduction

up galactic down
center
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TheThe Baikal NeutrinoBaikal Neutrino TelescopeTelescope

NT-200

3600 m

13
66

m

� 1981 first site explorations
� 1998 NT200 finished

Ice as natural
deployment
platform

A textbook
neutrino event

(4-strings 1996)

see talk R. Wischnewski
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FromFrom NT200 to NT200+NT200 to NT200+

cascades

140 m

Detection of high energy cascades
outside the instrumented volume

Since 2005: observation volume
fenced with 36 PMTs

� 4 times better sensitivity
at high energies

Basic cell for future Gigaton detector
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MediterraneanMediterranean
ExperimentsExperiments

4100m

2400m

3400m
ANTARES

NEMO NESTOR
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NESTORNESTOR

�� projectproject sincesince 19911991

�� 11 floorfloor deployeddeployed in 2004in 2004

�� tooktook datadata forfor aa fewfew weeksweeks,, thenthen cablecable defectdefect

�� waitingwaiting forfor repairrepair

�� 44 floorsfloors readyready forfor
deploymentdeployment

�� PlansPlans forfor 44 floorsfloors surroundedsurrounded byby autonomousautonomous
stationsstations
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ANTARESANTARES

see talk A. Margiotta
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ANTARESANTARES

��� ProjectProjectProject sincesincesince 199619961996

��� 121212 lineslineslines in totalin totalin total

��� 2001:2001:2001: cablecablecable

��� 2002:2002:2002: junctionjunctionjunction boxboxbox

��� 2005: MILOM test2005: MILOM test2005: MILOM test linelineline

��� 2007: 72007: 72007: 7 lineslineslines deployeddeployeddeployed
(525(525(525 PMTsPMTsPMTs)))

��� 555 lineslineslines connectedconnectedconnected andandand
takingtakingtaking datadatadata

��� AtumnAtumnAtumn/Jan/Feb:/Jan/Feb:/Jan/Feb: deploydeploydeploy &&&connectconnectconnect thethethe restrestrest
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ANTARESANTARES

5-line detector:
Muon angular distribution after cuts

neutrino candidates

very preliminary,
from V. Flaminio,
Budapest June 07CONGRATULATIONS !
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ANTARES NeutrinoANTARES Neutrino CandidatesCandidates
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NEMONEMO

�� NEMO PhaseNEMO Phase--1 (20031 (2003--2007)2007)
@@ LNSLNS UnderwaterUnderwater Test Site (2000 m)Test Site (2000 m)
–– TestTest prototypesprototypes ofof main km3main km3 componentscomponents

–– Validate installationValidate installation and connectionand connection
proceduresprocedures

�� NEMO PhaseNEMO Phase--2 (20052 (2005--2008)2008)
@@ CapoCapo Passero Site (3500 m)Passero Site (3500 m)
–– EstablishEstablish infrastructureinfrastructure suitablesuitable forfor a km3a km3

detectordetector

–– TestTest && validate advancedvalidate advanced detectordetector prototypesprototypes

–– LongLong term monitoringterm monitoring ofof sitesite propertiesproperties

tower
structure
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NEMONEMO--PhasePhase 11

30
0 

m

Junction Box

TSS Frame

300 m
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NEMO PhaseNEMO Phase--11

Dec 2006: deployment of tower
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NEMONEMO downgoingdowngoing muonsmuons (Jan.2007)(Jan.2007)
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NEMONEMO--11 presentpresent statusstatus

�� FloorsFloors areare slowlyslowly
sinkingsinking

�� First and secondFirst and second
floorfloor nownow closeclose toto
seabedseabed

�� ReasonReason::
deteriorationdeterioration ofof
boyboy materialmaterial

�� �� AddAdd buoyancybuoyancy

�� LearnedLearned a lota lot
ofof importantimportant
lessonslessons
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NEMONEMO--22

�� FullFull towertower, 16, 16 floorsfloors

�� SameSame electronicselectronics
likelike PhasePhase--1,1,
22 floorsfloors to testto test newnew
conceptsconcepts

�� 100 km100 km cablecable,,
deploymentdeployment inin
summersummer 20072007

�� CompletionCompletion ofof shoreshore
stationstation earlyearly 20082008

�� TowerTower deploymentdeployment
midmid 20082008

3500 m
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�� ImpressingImpressing progressprogress forfor bothboth
ANTARES and NEMOANTARES and NEMO withinwithin
thethe last 2last 2 yearsyears

�� SignificantSignificant technologicaltechnological stepssteps
towardstowards cubiccubic kilometerkilometer detectordetector

�� DeclarationDeclaration ofof GreeceGreece ministerminister::
50 M50 M€€ ifif cubiccubic kilometerkilometer detectordetector
wouldwould bebe inin GreeceGreece ……..
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KM3NeTKM3NeT

�� A cubic kilometer detector in the MediterraneanA cubic kilometer detector in the Mediterranean

�� 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

�� Construction phase: 2010Construction phase: 2010--20132013 (??)(??)
–– BuildBuild ≥≥1 km3 detector1 km3 detector

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

Final choice will depend on:
� Depth
� Bioluminescence rate
� Sedimentation, bio-fouling
� Distance from shore
� Sea currents, Earth quake profile
� ……

� Contributions from host country
� Strength of national community
� Global European considerations
� ……
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OneOne bigbig oror threethree smallersmaller detectorsdetectors ??

Spherical detector
radius r
area A = 2πr2

distribute same # of PMTs to 3 spheres
area = 2π 31/3 r2 = 1.44 ⋅ A
� gain a factor of 44% for muons ?
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OneOne bigbig oror threethree smallersmaller detectorsdetectors ??

one site
with area A

three sites
with total area
1.44 ⋅ A



ν
Tel

Spiering
TeV-III

.... butbut

�� smallersmaller leverlever armarm
�� worseworse pointingpointing

�� increaseincrease spacingspacing
–– withwith samesame leverlever armarm getget higherhigher thresholdthreshold

�� worseworse energyenergy samplingsampling
�� worseworse backgroundbackground rejectionrejection
�� �� netnet effecteffect forfor ννµµ willwill bebe smallersmaller thanthan 44%44%
�� cascadecascade eventsevents ((ννee,, ννττ):):

–– VOLUMEVOLUME countscounts
–– withwith aa fixedfixed vetoveto regionregion forfor containedcontained eventsevents,,

thethe netnet effecteffect isis negativenegative
�� needneed 33 timestimes thethe infrastructureinfrastructure andand

operationoperation costcost
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ApPECApPEC RoadmapRoadmap RecommendationRecommendation

For a complete sky coverage, in particular of the central
parts of the Galaxy with many promising sources, we
strongly recommend to work towards a cubic kilometre
detector in the Northern Hemisphere which will
complement the IceCube detector. Resources for a
Mediterranean detector should be pooled in a
single, optimized large research infrastructure
“KM3NeT”. Start of the construction of KM3NeT is
going to be preceded by the successful operation of small
scale or prototype detector(s) in the Mediterranean. It’s
design should also incorporate the improved knowledge
on galactic sources as provided by H.E.S.S. and MAGIC
gamma ray observations, as well as initial results from
IceCube. Still, the time lag between IceCube and KM3NeT
detector should be kept as small as possible.
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Simulating configurationsSimulating configurations

Cuboidial,
Ring,
Hexagon,
Clustered,
IceCube-like
...
Usually with Antares environmental parameters
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KM3NeTKM3NeT
neutrino effective areaneutrino effective area

ICRC0865,
J. Carr et al

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 lines in cuboid grid
95m line spacing
36 storeys, 16.5 m apart
21x3”PMTs per storey

Antares site parameters

see talk F. Jouvenot
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R&D on Novel Optical ModulesR&D on Novel Optical Modules

Smart tube
X-HPD
(R&D)

Segmentation of photo cathode of 10” PMT

multi-PMTs in one glass sphere Ref. ICRC0489, P. Kooijman

“Flykt” sphere
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IceCubeIceCube

see talks of G.Hill, C.Rott, I.Taboada ,
M.Tluczykont (IceCube), T. Stanev (IceTop)
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AMANDA now
operating as part
of IceCube

IceTop

InIce

Air shower detector

80 pairs of ice

Cherenkov tanks

Threshold ~ 300 TeV

Goal of 80 strings of 60

optical modules each

17 m between modules

125 m string separation

2004-2005 : 1 string

2005-2006: 8 strings

AMANDA-II

19 strings

677 modules

2006-2007:

13 strings deployed

IceCubeIceCube

Current configuration
- 22 strings
- 52 surface tanks

Completion by 2011.
2007/08: add 14 to 18
strings and tank stations

1450m

2450m

AMANDA now
operating as part
of IceCube
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IceTop

InIce

Air shower detector

80 pairs of ice

Cherenkov tanks

Threshold ~ 300 TeV

Goal of 80 strings of 60

optical modules each

17 m between modules

125 m string separation

IceCubeIceCube

Current configuration
- 22 strings
- 52 surface tanks

1450m

2450m

IceTop
- Angular calibration

of IceCube
- chemical composition

(with IceCube)
- veto for IceCube

see talk of T.Stanev
yesterday
and today
A.Leisos for SEATOP
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AMANDA now
operating as part
of IceCube

IceTop

InIce

Air shower detector

80 pairs of ice

Cherenkov tanks

Threshold ~ 300 TeV

Goal of 80 strings of 60

optical modules each

17 m between modules

125 m string separation

2005-2006: 8 strings

AMANDA-II

19 strings

677 modules

2006-2007:

13 strings deployed

IceCubeIceCube

Current configuration
- 22 strings
- 52 surface tanks

1450m

2450m

AMANDA now
operating as part
of IceCube
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Neutrinos in IC9Neutrinos in IC9

�� 99--string datastring data
(2006)(2006)

�� Cosmic rayCosmic ray
backgroundbackground
seen withseen with
weak cutsweak cuts

�� AtmosphericAtmospheric
neutrinos seenneutrinos seen
with strongwith strong
cutscuts

�� Agreement inAgreement in
event rate overevent rate over
6 decades6 decades

Final Cuts

downward
muons

atmos.neutrinos

Achterberg et al. astro-ph/0705.1781
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IceCubeIceCube Laboratory and Data CenterLaboratory and Data Center

Commissioned for operation
in January 2007
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Growth ofGrowth of IceCubeIceCube

AMANDA ANTARES

+IC9

+IC36-40

+IC22

Full IceCube
|�

KM3NeT
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AMANDA asAMANDA as lowlow energyenergy subdetectorsubdetector
ofof IceCubeIceCube

IceCubeIceCube
thresholdthreshold 100100 GeVGeV

IceCubeIceCube withwith
Amanda 30Amanda 30 GeVGeV

AmandaAmanda withoutwithout
IceCubeIceCube 5050 GeVGeV
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5400
IceCube

only

8200
incl.

AMANDA

Preliminary

Atmos. νµ
per 200 days
(trigger level,

IC22+AMANDA)

Gross, Tluczykont, Ha, Rott, DeYoung,
Resconi, & Wikström, ICRC 2007

30 GeV!

EffectEffect on 22on 22--stringstring detectordetector
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AA newnew lowlow energyenergy subdetectorsubdetector forfor
IceCubeIceCube ??

�� 6 strings each with 40 PM,6 strings each with 40 PM,
spaced by 10 mspaced by 10 m

�� better veto from topbetter veto from top

�� located in best ice (belowlocated in best ice (below
2100 m exceptionally2100 m exceptionally
clear)clear)

�� usesuses IceCubeIceCube technologytechnology

�� considerably betterconsiderably better
performance at low energyperformance at low energy

�� see talk ofsee talk of CarstenCarsten RottRott
this afternoonthis afternoon

AMANDA

new core?

see talk of C.Rott
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SomeSome PhysicsPhysics ResultsResults

((seesee afternoonafternoon sessionssessions))
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PhysicsPhysics fromfrom Baikal & AMANDABaikal & AMANDA

�� AtmosphericAtmospheric neutrinosneutrinos
�� PointPoint sourcessources
�� DiffuseDiffuse fluxesfluxes
�� CoincidencesCoincidences withwith GRBGRB
�� SupernovaSupernova BurstsBursts & SNEWS& SNEWS
�� CosmicCosmic rayray searchsearch withwith IceTop/IceCubeIceTop/IceCube
�� WIMPWIMP indirectindirect detectiondetection
�� MagneticMagnetic monopolesmonopoles andand otherother exoticexotic

particlesparticles
�� Test ofTest of basicbasic physicsphysics lawslaws
�� ……....
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AtmosphericAtmospheric neutrinosneutrinos

K. Münich
RICAP 2007

spectrum
measured

up to 100 TeV
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SearchSearch forfor steadysteady pointpoint sourcessources::
AMANDA and BaikalAMANDA and Baikal
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SearchSearch forfor steadysteady pointpoint sourcesource

AMANDA-II: 2000-2004 (1001 live days) 4282 ν from Northern hemisphere

24h 0h

15o

30o

45o

60o

75o

-3

-2

-1

0

1

2

33

2

1

0

-1

-2

No significant excess found
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MultiMulti--MessengerMessenger AnalysesAnalyses

�� AnyAny sourcesource selectionselection usingusing informationinformation
fromfrom opticaloptical,, XX--rayray,, gammagamma datadata

�� ReducingReducing trialtrial factorsfactors
�� StackingStacking analysesanalyses
�� TransientTransient sourcessources

–– SearchingSearching aroundaround GRBGRB signalssignals fromfrom
satellitesatellite datadata ((seesee belowbelow))

–– Target ofTarget of OpportunityOpportunity programsprograms
((likelike AMANDA/MAGIC)AMANDA/MAGIC)

–– GRBGRB candidatecandidate followfollow--upup byby opticaloptical
telescopestelescopes

see talk M.Tluczikont

see talk M.Kowalski
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ES 1959+650ES 1959+650

Year2000 2001 2002 2003

May June July

Flux of
TeV photons

(arb. units)

0

1

2

3

νν

WHIPPLE

Arrival time of
neutrinos from the
direction of the AGN
ES1959+650
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DiffuseDiffuse fluxesfluxes

� Atmospheric neutrinos
behave like E-3.7

� Typical extraterrestrial
fluxes behave like E-2

see talk of Gary Hill
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Limit on diffuseLimit on diffuse extraterrestrialextraterrestrial fluxesfluxes

� Atmospheric neutrinos
behave like E-3.7

� Typical extraterrestrial
fluxes behave like E-2

� From this method and
one year data we
exclude E-2 fluxes with
Φ⋅E2 > 2.7⋅10-7

GeV sr-1 s-1 cm-2
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Limit on diffuseLimit on diffuse extraterrestrialextraterrestrial fluxesfluxes

� From this method and
one year data we
exclude E-2 fluxes with
Φ⋅E2 > 2.7⋅10-7

GeV sr-1 s-1 cm-2

� With 4 years and
improved methods we
are now at

Φ⋅E2 > 8.8⋅10-8

GeV sr-1 s-1 cm-2
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� MPR bound, no neutron
escape (gamma bound)

� Factor 11 below MPR
bound for sources
opaque to neutrons

Experimental limits &Experimental limits & theoreticaltheoretical boundsbounds
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� MPR bound, neutrons
escape (CR bound)

� Factor 4 below MPR
bound for sources
transparent to neutrons

Experimental limits &Experimental limits & theoreticaltheoretical boundsbounds
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AGN core (SS)

AGN Jet (MPR)

GRB (WB)
GZK

Experimental limits &Experimental limits & theoreticaltheoretical boundsbounds
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AGN core (SS)

„old“
Stecker model
excluded

old version

Experimental limits &Experimental limits & theoreticaltheoretical boundsbounds
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AGN core
(SS, new version)

„new“
Stecker model
not excluded

(MRF = 1.9)

Experimental limits &Experimental limits & theoreticaltheoretical boundsbounds
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AGN Jet (MPR)

GRB (WB)

still above
AGN jet (MPR)

(MRF ~ 2.3)

Experimental limits &Experimental limits & theoreticaltheoretical boundsbounds
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Limit on diffuseLimit on diffuse extraterrestrialextraterrestrial fluxesfluxes

AMANDA HE analysis

Baikal

IceCube muons,
1 year

Icecube,
muons & cascades
4 years

GRB (WB)

2003

2006

2009

2013
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AMANDA limit from 408 bursts

1997-2003

Waxman-Bahcall
GRB prediction

10-10

10-7

10-8

10-9

104 106105 107 108

neutrino energy Eν (GeV)

E
ν2 ×

fl
u

x
(G

eV
⋅c

m
-2
⋅s

-1
⋅s

r-
1 )

Check for coincidences with
BATSE, IPN, SWIFT

� close to WB
within < factor 2

� with IceCube:
test WB within
a few months

CoincidencesCoincidences withwith GRBGRB
see talk of I. Taboada
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Supernova inSupernova in IceCubeIceCube

5σ signal for SN of 1987A strength

Dark noise in
IceCube

Optical Modules
is only ~ 320 Hz !

Detection by
enhanced

noise rates
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PeVPeV andand beyondbeyond
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OverviewOverview

�� Radio inRadio in iceice::
–– RICE, ANITARICE, ANITA, AURA,, AURA, ARIANNAARIANNA--typetype (all(all

AntarcticaAntarctica), SALSA (), SALSA (saltsalt))

�� Radio in Moon:Radio in Moon:
–– GLUE,GLUE, NuMOONNuMOON,, ……

�� Radio inRadio in airair::
–– FORTEFORTE ((fromfrom spacespace), LOPES,), LOPES, ……

�� HorizontalHorizontal airair showersshowers::
–– AGASA,AGASA, HiRESHiRES,, AugerAuger,, EUSO,EUSO, ……

�� AcousticAcoustic detectiondetection::
–– SAUNDSAUND ((CaribbeanCaribbean), SPATS (South Pole),), SPATS (South Pole),

AMADEUS &AMADEUS & othersothers ((MediterraneanMediterranean),),
Baikal, SALSA (Baikal, SALSA (saltsalt domedome),),
PermafrostPermafrost ((SiberiaSiberia),), ……
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Muons

neutrino

Cascade: ~10m length

air

solid

RF
Cherenkov

ANITA

Auger

GLUE 04

RICE

RF Cherenkov
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�� RICE limits, 3500 hoursRICE limits, 3500 hours

�� GLUE limits,GLUE limits, 120 hours120 hours

�� ANITA sensitivity, 45 daysANITA sensitivity, 45 days
total:total:

~5 to 30 GZK neutrinos~5 to 30 GZK neutrinos

IceCube: high energyIceCube: high energy
cascadescascades

~~1.51.5--3 GZK events in 3 years3 GZK events in 3 years

Auger:Auger: tautau neutrino decayneutrino decay
eventsevents

~~1 GZK event per year?1 GZK event per year?

PresentPresent andand projectedprojected limits andlimits and
eventevent numbersnumbers
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PossiblePossible HEHE--ExtensionsExtensions toto IceCubeIceCube ??

surface radio
stations ?
(smaller price
per GZK event?)
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EventEvent numbersnumbers

21.1TOTAL

0.10.1Opt.+Rad.+AcouOpt.+Rad.+Acou..

8.08.0 !!!!!!Radio + AcousticRadio + Acoustic

0.30.3Optical + AcousticOptical + Acoustic

0.20.2Optical + RadioOptical + Radio

16.016.0AcousticAcoustic

12.312.3RadioRadio

1.21.2OpticalOptical ((IceCubeIceCube + ring)+ ring)

0.70.7IceCubeIceCube

GZK events/yearGZK events/year*)*)Detection optionDetection option

*Numbers calculated, folding effective volumes
with ESS GZK neutrino flux model
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InstalledInstalled in lastin last seasonseason andand underunder evaluationevaluation::

�� 3 test3 test stringsstrings

acousticsacoustics

SPATSSPATS

test:test:

-- noisenoise

-- attenuationattenuation

lengthlength

-- refractionrefraction

3 test3 test stringsstrings radioradio AURAAURA
((AskaryanAskaryan UndericeUnderice Radio Array)Radio Array)

South Pole Acoustic Test Setup

see talks of F. Descamps and D.Williams



ν
Tel

Spiering
TeV-III

SummarySummary
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Sensitivity to HE diffuse neutrino fluxes

1980 1985 1990 1995 2000 2005 2010 2015

10-4

10-10

10-8

10-6

10-1000 TeV

1 EeV

Dumand

Frejus Macro

Baikal/Amanda

IceCube/
KM3NeT

Rice AGASA

Rice GLUE

Anita, Auger

Flux * E² (GeV/ cm² sec sr)

Waxman-Bahcall limit
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�� tremendoustremendous technologicaltechnological progressprogress overover lastlast decadedecade

�� no positiveno positive detectiondetection yetyet,, butbut alreadyalready testingtesting
((optimisticoptimistic)) boundsbounds

�� IceCubeIceCube reachesreaches 1 km1 km33 ×× yearyear byby earlyearly 20092009

�� enteringentering regionregion withwith realisticrealistic discoverydiscovery potentialpotential

�� IceCubeIceCube (and HESS) will(and HESS) will hopefullyhopefully consolidateconsolidate thethe
physicsphysics casecase forfor KM3NeTKM3NeT

�� readyready forfor thethe nextnext SupernovaSupernova

�� addressingaddressing also aalso a widewide rangerange ofof particleparticle physicsphysics
questionsquestions

�� VigorousVigorous activityactivity at extremeat extreme energiesenergies (GZK)(GZK)
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