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1. Intr oduction

On January2005,the rst string of the IceCubeneutrinotelescopevasdeplojedto 2.5 km
depthafew hundredmetersfrom the geographicaBouthPole. This eventmarksthe beginning of
the constructiorof the rst Km? neutrinotelescopen the world. IceCubebuilds on the expertise
andtechnologydevelopedfor the AMAND A neutrinotelescopejn operationat the SouthPole
since1997. The completeddetectoy AMAND A-Il, consistof 677 opticalmodules(OM), photo-
multiplier tubeshousedn glassspheresanddeployedin 19 stringsat depthsbetweerl450m and
2000m Thestringsarearrangedapproximatelyin threeconcentriccirclesof 40 m, 100m and200
m in diameter Thedetectoiis takingdatain suchcon guration since2000. Dueto the constraints
of the site, the detectoiwashbuilt in stagesandthe rst datausedfor physicsanalysisweretaken
between997and1999,with 3020OMsin 10 strings(AMAND A-B10).

Neutrinodetectionis achiezedthroughthe detectionof the Cerenkov emissionof secondaries
producedn neutrinointeractionsn or aroundthedetector Two channelsareused.Muon-neutrinos
aredetectedby the muonproducedn the interactions.Nanosecodiming resolutionin the OMs
allowsto reconstructhnemuontrajectorywith aresolutionof 1.5 t02.5 , dependingntherequire-
mentsof the analysisperformed.In the caseof electronandtau neutrinos the electromagnetior
hadroniccascadattheinteractionvertex is detectedyith worsepointingresolutionof 30 .

The casefor large-scaleneutrinotelescopeiasbeenmadeelsevhere(seefor examplelf])).
In this paperwe will concentrat®n theresultsobtainedwith AMAND A-1l sofar. In section we
give anoverview of the characteristiceandphysicspotentialof IceCube.

2. Resultsfrom AMAND A

2.1 Atmospheric muons

Cosmicraysimpingingontheatmosphergroduceacontinuousux of muonsfrom thedecays
of the producedpionsandkaons.A measuremertf muonintensityversusdepthcanbe doneby
measuringhe muon ux asa function of declinationangleand correctingfor the slantdepthto
the detectoy asshavn in gure fl. Note thatonly muonswith an enegy abore 400 GeV at the
surface can penetratethe 1500 m of ice to trigger the detector The AMANDA results[P] are
compatiblewith previous measurementsf other collaborationsand compatiblewith a primary
enepgy spectrunproportionalto E %7,

The existenceat the SouthPole of a surfacescintillator array SPASE [B], makesit possible
to do primary compositionstudies.SFASE measuresghe electroncomponenbdbf cosmicray shaw-
ersat the surface,while AMAND A canmeasureghe muoncomponentt 1500 m depth. These
measurementsanberelatedto the enegy andmassof the primary. Resultsfrom datatakenwith
both detectorsunningin coincidencefl] shav a trend of increasingprimary masswith enegy,
compatiblewith acompositionchangeto heavier primariesaroundtheknee(  10* TeV).

2.2 The atmosphericneutrino ux

Theatmospherés alsoa guaranteedourceof neutrinosfrom the decayof muons,pionsand
kaons. AMAND A hasmeasuredhe atmospherianuonneutrino ux to an enegy of about300
TeV asshavn in gure . An adwantageof the extendedenegy rangecoveredby AMANDA s
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Figure 1: Atmospherianuonintensityasafunc- Figure 2: Atmosphericmuon-neutrinoenegy
tion of verticaldepthasmeasuredy AMAND A. spectrummeasurecoy AMANDA. The results
Resultsfrom other experimentsare shavn for of Frejusatlower enegiesareshavn ascompar
comparison ison.

thatthe measuremenit the highestenegy bin canbe usedto seta limit onagenericE 2 diffuse
cosmic ux, sincesomemodelspredicttheonsetof such ux attheTeV level. Usingthemeasured
atmospherimeutrino ux betweert00and300TeV (lastbinin gure 2} a90%CL limit onaE 2
Nm Ux canbesetatalevel of E 2F, < 2.6 10 ' GeVcem 2sr s 1[f].

2.3 The Galactic plane

Cosmicraysinteractingwith the interstellarmediumareanothersourceof guaranteeeutri-
nos,whichareproducedhroughasimilar processaswith theinteractionsontheatmospherepion
andkaonproductionandsubsequerdecayf theseparticles.However the geographicasituation
of AMAND A is notoptimalfor this kind of study Thegalacticcenteranda goodpartof thegalac-
tic disk arenot seenfrom the AMAND A site, which views only the outerregion of the galactic
plane,betweerongitudevalues33 < | < 213 . We have usedthe datasamplecollectedbetween
2000and 2003, 3329 events,to searchfor a possibleenhancemendf neutrinosfrom the visible
partof thegalacticdisk from the AMAND A site. Assuminga Gaussiarshapeof thedistribution of
matterin the galacticdisk, with awidth of 2.1 , andaE %7 spectrumwe obtaina 90% CL limit
ontheneutrino ux of F/dE=4.810 4 GeV 'cm 2?sr 1s tintherange0.2TeV <E,< 40 TeV.

2.4 Searchesfor a cosmicneutrino ux

Thesearctor neutrinosof cosmicorigin is themainphysicsendeaour of neutrinotelescopes.
Thereis generalconsensushat the mostviolent objectsdetectedwith corventionalastronomy
(active galacticnuclei, GRBs, quasars...etc.) shouldalsobe neutrinoemitters. The ideais that
protonsacceleratedn theseobjectswill interactwith the ambientmatteror radiation eld and
producepions. Neutralpionswould producethe obsened g-rays,while thedecayof chagedpions
would yield a neutrino ux. The discovery of a neutrinosignalfrom suchcosmicobjectswould
provide anunambiguougon rmation of this scenariopointing at theseobjectsasthe accelerator
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datayear lifetime channel nenegyrange E2dF /dE limit ref.
(d) (Gevem 2sr 1s 1)
1997 131 muon 6 TeV-1PeV 2.510 © [l
1997 131 muon 1PeV-3EeV 9.910 [
1997 131 cascade 50TeV-3PeV 9.810 6 (]
2000 174  cascade 50TeV-5PeV 8.610 ’ [
2000-03 807 muon 13TeV-3.2PeV 2.810 7 () [Lq]
2000 174  muon 100TeV - 300TeV 7.810 () E

Table 1: 90% CL limits on a diffuseall- a vour cosmicneutrino ux from differentAMAND A analyses.
(b) denotessensitvity. () denotegreliminaryresults.Limits 1, 5 and6 have beenmultiplied by threewith
respecto thevaluegivenin thereferencen orderto scalethemto all- a vour limits.

sitesof thehighest-enagy cosmicrays.Notethatthe proposednechanismvould producea avour
ratio at the sourceof ne : Ny N;=1:1:0. The detectionof a n; componenin the cosmicneutrino
“uxwouldbeaclearn; appearancebsenation.

Diffuse ux: Evenif the neutrino ux from individual sourceswould turn out to be too weakto
be unambiguouslhdetectedwith a detectorike AMAND A, a diffuse ux of neutrinosfrom the
injectedspectrunof all sourcesn the Universecould be detectable The searchfor such ux is a
challengesinceit is, by de nition, not correlatedn time or positionin the sky with any particular
object. Thesearctis basedntheexpectechardemeutrinospectrumdF /dEQLE 2, from theshock-
acceleratiorof protonsin the source,as comparedo the E 37 dependencef the atmospheric
neutrino ux. This searchcanbe donebothin the muonandcascadehannelsandcancover a
wide rangeof enegies,from a few tensof TeV to EeV. Above PeV enegies,the Earthbecomes
opaqudo neutrinosandthe searchasto beconcentratedn eventsfrom nearor above thehorizon.

A rst searchfor a diffusecosmicneutrino ux wasperformedwith AMAND A-B10, corre-
spondingio 131d of lifetime from the 1997 dataset,while the latestlimit obtainedoy AMAND A
is basedon the analysisof four yearsof data,with a total lifetime of 807 days. The resultsof
theseanalysesaswell asotheranalysegperformedusingthe cascadehannelaresummarizedn
tableP.4 Resultsmarked with an asteriskshouldbe taken as preliminary The resultsof these
searchesre also summarizedn gure [, wherethey are comparedo resultsfrom Baikal [[LT]
andseveral theoreticalpredictions:the Waxman-Bahcallimit [[[2] andto two modelsof neutrino
productionin AGN andGRBs,the Stecler-Salamor(SS)model[[L3] andtheMannheim-Protheroe-
Rachen(MPR) model[fL4].

Point sources: The searchfor point sourcesof neutrinosin the sky is performedby looking for
statisticalexcesse®f eventsin narrav angulamregionsin the sky, determinedy the angularreso-
lution of thedetector(about2 for thisanalysis).Thesearclcanbedonein agenericway, looking
for 'hot spots'with respecto the averagebackgroundor by looking into the position of candi-
dateobjects.In thelatter case the backgrounds estimatedrom the dataoff-source,in the same
declinationbandof the candidateobject. For this searchwe have usedsourcego be known to be
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Figure 4: Signi cance sky map using 4 yearsof
AMANDA data. The gure shows the deviation

from a uniform backgroundthe scalecomprising
Figure 3: 90%CL all- avour ux limits asafunc- 35 (white)to +3s (black).

tion of enegy obtainedwith different AMAND A

analysescomparedo sometheoreticalpredictions
(the A-Il line for 2000-2003denotessensitvity).

The sensitvity of 3 yearsof IceCubeexposureis

alsoindicated.

log (E, /GeV)

gammaand/orX-ray emmitters)ik e Blazars,microquasarsr superngaremnantsThesesearches
aredoneexclusively in the muonchanneldueto its betterpointing resolution,and thereforeare
restrictecto objectsin thenorthernsky.

Theresultssummarizedn this paperwereobtainedwith the combineddatasetsof the years
2000-20031t amountgo atotal of 807d of livetime,andthesamplecontains3369neutrinoevents,
while the expectationfrom atmosphericeutrinosis 3438events. Figurefl] shavs the signi cance
mapof thenorthernsky in galacticcoordinatesThemapis compatiblewith arandomdistribution
of sourcesthe hottestspot having a 92% probability of beinga random uctuation. Table
shavstheneutrino ux limits obtainedor afew selectedourcesassumingainE 2 neutrinoenegy
spectrumA total of 33 objectshave beenchecled (see[[L5] for detailsof this analysis).

Thesensitvity for point sourcesanbe increasedy usinga source-stackingnalysis.In this
kind of analysisthe datafrom the directionsof sourcesshaving similar emissionand morpho-
logical characteristicgie. sourcedrom which oneexpectsa similar neutrinoproductionscenario
and ux level with respectto their photonemission)are added. The backgroundor eachobject
is estimatedff-sourcefrom the samezenithbandasthe locationof the object,andaddedfor all
candidatesA preliminaryanalysisperformedwith datacollectedin 2000-2003or several types
of sourcesshavs no excessover the expectedPoissonstatistics[[L]. However the sensitvity has
beenimproved by a factor of threefor a genericAGN with respectto the point sourceanalysis
mentionedearlierin this section.

Gamma-ray bursts: A ratherspecialtype of candidateneutrinopoint sourceare GammaRay
Bursts(GRB), sincefor theseobjectsonehasthe time stampof the occurrenceof the event. This
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Candidate d() a(h) nes n, FM | Candidate d() a(h) neps hny FIM
TeVBlazars GeVBlazas

Markarian421  38.2 11.07 5.6 0.68 | QS0O0219+428 429 2.38 4 43 054

Markarian501 39.8 16.90 5 5.0 0.61 | QS0O0954+556 55.0 9.87 2 52 0.22
Microquasas SNR& Pulsars

)]

SS433 50 1920 2 45 0.21 | SGR1900+14 93 19.12 3 43 0.35
Cygnusx3 41.0 2054 6 5.0 0.77 | CrabNehula 220 558 10 54 13
GRS1915+105 109 1925 6 4.8 0.71 | Gemin@a 179 6.57 3 52 0.29
CygnusXx1 352 1997 4 5.2 0.40 | Cassiopeid 58.8 2339 4 46 0.57

Table 2: Resultsfrom the searchfor neutrinosfrom selectedbjects.d is the declinationin degrees,a the
right ascensiolin hours,nyps is the numberof obsened eventsandny theexpecteobackgroundF53m is the
90%CL upperlimits in unitsof 10 8cm 2s 1 for aspectraindex of 2 andintegratedabore 10 GeV. These
resultsarepreliminary(the systematierrorsareunderassessment).

allows to performa practicallybackground—freanalysisusingboth off-sourceandoff-time back-
groundestimation. An additionaladvantageof having the time stampof the event is that the
requiredpointingresolutioncanbe relaxed andthenthe cascadehannelcanbe used having then
accesdo full sky searchesWe have usedthe BATSE and IPN3 burst cataloguesaindlooked for
neutrinoburstswithin a few secondf the gammaburst usingthe Waxman-Bahcalmodelasa
benchmark.We have alsolooked for a precursorsignal, up to about100 s beforethe burst, as
proposedy othermodelg[[7]. Theresultsfrom theanalysisof 139burstsusingthemuonchannel
anddatafrom 2000-2003yield a "ux limit of E2F ,/dE=3 10 8 GeVecm 2s 1 sr 1, whilea
preliminaryanalysisusingthe cascad&hannelon 73 burstson 2000yields E°F ,/dE=9.5 10 ’
GeVem ?s tsr 1 Thesearchor precursobursts,using50 burstfrom 2001-2003yieldsa limit
of E?°F ,/dE=5 10 ®GeVcm 2s lsr 1.

2.5 Search for dark matter candidates

If thedark matterhaloof our galaxyis composedf weakly—interactingelic stableparticles,
they canaccumulategravitationally in the centerof heary objects,like the Sunor Earth. The
annhilitationsof suchparticlescanyield anexcessof neutrinosrom theseobjects detectablevith
neutrinotelescopes.The neutralino,a stableparticle predictedin the Minimal Supersymmetric
StandardModel, is a goodcandidatdor dark matter We have performeda searchfor neutralinos
from the centerof the Earth[[[§] andthe Sun[[9]. The non-obseration of an excess ux has
beentranslatednto a muon ux limit. Theresultsareshavnin gures |(searchfrom the Earth)
andf (searchfrom the Sun). The crossesare predictionsfrom the MSSM, usingthe DarkSusy
packagdR(]. Thedotsaremodelsdisfavouredby directsearchef21].

3. Statusand potential of IceCube

IceCubeis the km® extensionof AMAND A, consistingof 80 stringsand 4800 optical mod-
ulesarrangedn an hexagonalpatternof 1km 1km 1km. The main differencewith respecto
AMANDA is the useof digital technologyin theice: the photomultipliersignalsaredigitizedin-
situ at the optical module,which hasfull waveform recordingcapabilitieswith a dynamicrange
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Figure5: 90% CL muon ux limit from neutralino  Figure 6: 90% CL muon ux limit from neutralino
annihilationsgn thecenterof theEarth,asafunction  annihilationsin the Sun,asa functionof neutralino
of neutralinomass.Resultsfrom otherexperiments  mass.Resultsfrom otherexperimentsareshowvn for
areshavn for comparison. comparison.

between200 and 2000 photoelectronslependingon the integrationtime. IceCubeis expectedto

improvethesensitvity of AMAND A by afew ordersof magnitudgp2]. After 3 yearsof operation
anall--avour sensitvity at the TeV-PeV enegy rangeof 010 ° GeVcm 2 s ! canbe achieved

(see gure B). Theangularresolutionwill be considerablyimproved aswell, reachingbelow 1 .

Figures[] andB shav the IceCubeeffective areaand the pointing resolutionfor muon-neutrino
inducedeventsfor differentenegy rangesasafunctionof zenithangle.

The IceCubeprojectincludesa surfacearray IceTop, consistingof 80 stations,one at each
IceCubestring. A stationconsistsof two ice tankswith two OMs eachwhichwill detectchaged
particlesfrom cosmicshavers. This will extendthe physicscapabilitiesof IceCubeandwill also
be usedfor calibration. The rst four stationsof IceTop arein placeand,asof January2005,the
rst string of IceCubeis deployed. Constructionwill continuewith the deploymentof up to 16
stringsperyear until theyear2010. But the detectowill be usefulfor physicsfrom next season,
whenthe numberof modulesof IceCubewill becomparabldo the presenAMAND A array
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