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Abstract.
We reporton thecombinedanalysisof over 400 GRB time periodsthatoccurredduringseven

yearsof AMANDA observations.AMANDA hasseenno neutrinoscorrelatedwith thesebursts,
thuswe reporta neutrino�ux limit that is the moststringentobservationallimit to date.In light
of thenew opportunitiesaffordedby Swift, we alsodiscussthe futurepotentialfor GRB neutrino
detectionwith AMANDA's successor, IceCube.Finally, we discusstheapplicationof AMANDA's
transientpoint-sourcesearchto otherphenomena,suchasjet-drivensupernovaeandfailedGRBs.
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INTR ODUCTION

TheAntarcticMuon andNeutrinoDetectorArray (AMANDA) consistsof 677photo-
multiplier tubeshousedin opticalmodulesplacedbeneaththesurfaceof the ice at the
SouthPole.Thisarrayof detectorsis capableof observingtheCherenkov radiationfrom
neutrino-inducedmuonsabove energiesof approximately50 GeV [1]. AMANDA has
beensearchingtheheavenssince1997for high-energy neutrinosfrom avarietyof astro-
physicalsources,includinggamma-raybursts(GRBs).ThisGRB neutrinosearchrelies
on spatio-temporalcorrelationswith numerousground-andspace-basedobservatories,
suchasBATSE,HETE,andtheotherinstrumentsof theInterplanetaryNetwork [2].

A varietyof differentmodelsexist for neutrinoemissionfrom GRBs.Neutrinosmay
be emittedin coincidencewith or asa precursor(up to 100 secondsprior) to photon
emission.Dependingon the characteristicsof the centralengineand the circumburst
environment,the predictedneutrino�ux may vary signi�cantly [3, 4, 5]. The search
for neutrinoemissionwill helpto testmodelsof hadronicaccelerationin the�reball or
otherGRB scenarios,andthe searchfor precursorneutrinosmay constrainmodelsof
GRBprogenitors[6, 7].

ANALYSIS PROCEDURE

AMANDA's observationprocedureinitially retainsblindnessduringeachGRB,allow-
ing for optimizationof dataselectioncriteria while minimizing thepossibilityof false
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positive detections.For eachGRB, a two hour period is examinedaroundthe burst,
excluding the 10-minutewindow immediatelysurroundingthe burst. The 110 minute
"off-time" period is examinedto ensuredetectorstability and to determinethe back-
groundratefor eachburst.Selectioncriteriaarethendeterminedfor eachannualsubset
of burstsby comparingsimulatedmuonneutrinoswith theobservedbackground.

While spatialandtemporalinformationfor eachburstserveastheprimarycriteriafor
dataselection,secondarycriteria includethe numberof hit opticalmodules(i.e. those
participatingtogetherin asingleevent),theangularresolutionof thereconstructedevent
track, the uniformity of the hit optical modulesalongthe reconstructedtrack,andthe
likelihoodof eachreconstructedtrack.Thesecriteriaareselectedto minimizetheModel
RejectionFactor(MRF) [8], which is de�ned asthe90%eventupperlimit dividedby
theexpectednumberof signaleventsderivedfrom simulations.

RESULTS

New resultsfrom thecombinationof sevenyearsof AMANDA observationsareshown
in Table1. From the observation of zeroeventsfor all of thesebursts,we areableto
derive neutrino�ux limits for representative theoreticalmodels2. The observed limits
areapproachingthe predictionsof several importantmodels,including the supranova
modelandtheWaxman-Bahcallbrokenpower-law model(Figure1, left panel).

In additionto thespeci�c modelsdetailedhere,theAMANDA resultscanbeapplied
to any desiredtheoreticalspectrumby meansof theGreen's FunctionFluencemethod
(asdetailedin [11]). Basedon the subsetof 139 burstssearchedby AMANDA from
2000to 2003,weareableto setaspectrum-independent�uence limit thatis asigni�cant
improvementover previously-reportedresults(Figure1, right panel).To calculatethe
�ux limit for any desiredspectrum,oneneedsonly to fold thatspectruminto the�uence
limit shown here.

CONCLUSIONS AND OUTLOOK

We report here on the analysisof over 400 GRBs occurring over seven years of
AMANDA observations.Thedetectionof zeroeventsduring therelevant time periods
resultsin a �ux limit thatis closeto severaltheoreticalpredictionsfor neutrinoemission
from GRBs.While theseresultsrepresentthebulk of theGRB time periodscontained
within theAMANDA data,thereare� 100poorly localizedGRBsin thearchivesof the
InterplanetaryNetwork thathavenotyetbeenexamined.Becausethestandardselection
criteria rely heavily on accuratedeterminationof burstpositions,a differentprocedure
is currentlybeingdevelopedto analyzethetimeperiodssurroundingthesebursts.

As AMANDA'ssuccessorIceCube[12] continuesits observations,therearetwo pri-
marybene�tsto thesearchfor neutrinosfrom GRBsin theSwift era.First, localizations

2 We similarly obtaineda null resultfrom a searchof 153non-triggeredBATSEGRBs[9, 10]; however,
theseburstsarenot incorporatedinto themodelsandthusareexcludedfrom our �ux limits.



TABLE 1. PreliminaryResultsof GRBAnalysis1997-2003

NBursts NBG;Exp NOBS

Event
Upper Limit

MRF �

(Sensitivity)
MRF

(Observed)

1997-1999† 268 0.46 0 1.98 20 14
2000 88 1.02 0 1.61 20 10
2001 15 0.06 0 2.38 66 64

Precursor 15 0.05 0 2.39
2002 17 0.08 0 2.36 54 54

Precursor 17 0.06 0 2.38
2003 19 0.10 0 2.34 54 52

Precursor 18 0.06 0 2.38
01-03 51 0.24 0 2.19 20 16

Precursor 50 0.16 0 2.28
97-03 407 1.71 0 1.27 7 3

� for Waxman-Bahcall,modi�ed for oscillations
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FIGURE 1. Left Panel: Flux limits for AMANDA-II observationsand theoreticalpredictionsfor
two representative neutrino spectra.Right Panel: Green's Function FluenceLimit for AMANDA-II
observationsof BATSE andIPN triggeredbursts,comparedto resultsfrom the GRB searchof Super-
Kamiokande.AMANDA's sensitivity is basedupontheexpectedbackgroundandsignaleventsprior to
observations.

aremuchmoreaccuratethanthosederived from BATSE or other IPN satelliteobser-
vations.Preciselocalizationsfor the � 100poorly-localizedburstswould have allowed
signi�cant improvementof AMANDA's �ux limits; asSwift continuesits observations,
suchburstswill beincorporatedmuchmoreeffectively into AMANDA/IceCubeobser-
vations.Second,Swift providesus with opportunitiesto take advantangeof important
new toolsfor neutrino�ux predictions.Herewehavediscussedresultsbasedonmodels
with averagedburstproperties.However, burst-to-burstvariationin total �ux, redshift,



peakenergy, andothervariablescansigni�cantly impacttheexpectedneutrino�ux (the
expected�ux for GRB030329,for example,is nearlya factorof 100higherthantheav-
erageburst[13]). While theaveragedburstpropertiesservedasausefultool whensuch
informationwasmissingor inadequate,Swift observationswill aid us in determining
with muchgreaterprecisionthepredictedneutrino�ux for eachindividualburst.

Finally, the transientpoint sourcesearchdescribedherewill also be broadenedin
scopeasIceCubecontinuesthe legacy of AMANDA. While all of the burstsincluded
in theseresultswere observed by variousphotonobservatories,gamma-raydark or
failedGRBsarehypothesizedto occurat asmuchas100� the rateof standardbursts
[7]. Even if the photonsfrom thesebursts are not observed, the neutrino signature
maystill be detectableby this methodif spatialandtemporallocalizationinformation
canbe derived from otherobservations(suchasafterglows or correlatedsupernovae).
Additionally, somesupernovaearehypothesizedto emit relativistic jetsof materialin a
mannersimilar to GRBs.TheseGRB-likesupernovaearealsoapromisingcandidatefor
neutrinoemissiondetectableby IceCubeor otherkm-scaledetectors[14].
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