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Abstract.

We reporton the combinedanalysisof over 400 GRB time periodsthat occurredduring seven
yearsof AMAND A obsenations. AMAND A hasseenno neutrinoscorrelatedwith thesebursts,
thuswe reporta neutrino ux limit thatis the moststringentobsenationallimit to date.In light
of the new opportunitiesaffordedby Swift, we alsodiscussthe future potentialfor GRB neutrino
detectiornwith AMAND A's successgiceCube Finally, we discusshe applicationof AMAND A's
transientpoint-sourcesearctto otherphenomenasuchasjet-drivensupernoaeandfailed GRBs.
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INTRODUCTION

The Antarctic Muon andNeutrino DetectorArray (AMAND A) consistsof 677 photo-
multiplier tubeshousedn optical modulesplacedbeneaththe surfaceof theice at the
SouthPole.Thisarrayof detectorss capableof observinghe Cherenkv radiationfrom
neutrino-inducednuonsabove enegiesof approximately50 GeV [1]. AMAND A has
beensearchinghehearenssincel997for high-enegy neutrinosrom avarietyof astro-
physicalsourcesincludinggamma-rayoursts(GRBs).This GRB neutrinosearchrelies
on spatio-temporatorrelationswith numerouground-andspace-basedbsenatories,
suchasBATSE,HETE, andthe otherinstrumentf the InterplanetaryNetwork [2].

A variety of differentmodelsexist for neutrinoemissionfrom GRBs.Neutrinosmay
be emittedin coincidencewith or asa precursor(up to 100 secondsprior) to photon
emission.Dependingon the characteristic®f the centralengineand the circumlurst
ervironment,the predictedneutrino ux may vary signi cantly [3, 4, 5]. The search
for neutrinoemissionwill helpto testmodelsof hadronicaccelerationn the reball or
other GRB scenariosandthe searchfor precursomeutrinosmay constrainmodelsof
GRB progenitorgd6, 7].

ANALYSIS PROCEDURE

AMAND A's obsenation procedureanitially retainsblindnessduringeachGRB, allow-
ing for optimizationof dataselectioncriteria while minimizing the possibility of false

1 for afull authorlist,seehttp://icecube.wisc.edu/pub_ardbc/canfererces/coferencepapers.iml



positive detectionsFor eachGRB, a two hour periodis examinedaroundthe burst,
excluding the 10-minutewindow immediatelysurroundingthe burst. The 110 minute
"off-time" periodis examinedto ensuredetectorstability andto determinethe back-
groundratefor eachburst. Selectioncriteriaarethendeterminedor eachannualsubset
of burstsby comparingsimulatedmuonneutrinoswith theobseredbackground.

While spatialandtemporalinformationfor eachburstsene astheprimarycriteriafor
dataselection,secondarycriteriainclude the numberof hit optical modules(i.e. those
participatingtogetheiin asingleevent),theangularesolutionof thereconstructedvent
track, the uniformity of the hit optical modulesalongthe reconstructedrack, andthe
likelihoodof eachreconstructetrack. Thesecriteriaareselectedo minimizetheModel
RejectionFactor (MRF) [8], which is de ned asthe 90% eventupperlimit divided by
the expectednumberof signaleventsderivedfrom simulations.

RESULTS

New resultsfrom the combinationof sevenyearsof AMAND A obsenationsareshowvn
in Table 1. From the obsenration of zeroeventsfor all of thesebursts,we are ableto
derive neutrino ux limits for representatie theoreticaimodel$. The obsened limits
are approachinghe predictionsof severalimportantmodels,including the supranea
modelandthe Waxman-Bahcalbroken power-law model(Figurel, left panel).

In additionto thespeci ¢ modelsdetailedhere,the AMAND A resultscanbe applied
to ary desiredtheoreticalspectrumby meansof the Greens FunctionFluencemethod
(asdetailedin [11]). Basedon the subsetof 139 burstssearchedby AMAND A from
2000to 2003,we areableto seta spectrum-independentence limit thatis asigni cant
improvementover previously-reportedresults(Figure 1, right panel).To calculatethe

ux limit for any desiredspectrumpneneedonly to fold thatspectruninto the uence
limit shavn here.

CONCLUSIONS AND OUTLOOK

We report here on the analysisof over 400 GRBs occurring over seven years of
AMAND A obsenations.The detectionof zeroeventsduringthe relevanttime periods
resultsin a ux limit thatis closeto severaltheoreticapredictiongor neutrinoemission
from GRBs.While theseresultsrepresenthe bulk of the GRB time periodscontained
within the AMAND A data,thereare 100poorlylocalizedGRBsin thearchvesof the
InterplanetaryNetwork thathave notyet beenexamined Becauséhe standardselection
criteriarely hearily on accuratedeterminatiorof burst positions,a differentprocedure
is currentlybeingdevelopedto analyzethetime periodssurroundinghesebursts.

As AMAND A's successolceCubg[12] continuedts obsenations,therearetwo pri-
marybene tsto thesearchor neutrinodrom GRBsin the Swift era.First, localizations

2 We similarly obtaineda null resultfrom a searchof 153 non-triggeredBATSE GRBs[9, 10]; however,
theseburstsarenotincorporatednto the modelsandthusareexcludedfrom our ux limits.



TABLE 1. PreliminaryResultsof GRB Analysis1997-2003

(supranova)

Event MRF MRF
NBurss Negexp Noss UpperLimit  (Sensitvity) (Obsewved)
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
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FIGURE 1. Left Panel: Flux limits for AMAND A-ll obsenations and theoreticalpredictionsfor
two representatie neutrino spectra.Right Panel: Greens Function FluenceLimit for AMAND A-II
obsenationsof BATSE andIPN triggeredbursts,comparedo resultsfrom the GRB searchof Super
Kamiokande AMAND A's sensitvity is baseduponthe expectedbackgroundandsignaleventsprior to
obsenations.

aremuch more accuratethanthosederived from BATSE or otherIPN satelliteobser
vations.Precisdocalizationsfor the 100 poorly-localizedburstswould have allowed
signi cant improvementof AMAND A's ux limits; asSwift continuests obsenations,
suchburstswill beincorporatednuchmoreeffectively into AMAND A/lceCubeobser
vations.Second Swift providesus with opportunitiesto take advantangeof important
new toolsfor neutrino ux predictionsHerewe have discussedesultsbasedn models
with averagedourst properties However, burst-to-turstvariationin total ux, redshift,



peakenegy, andothervariablescansigni cantly impactthe expectedneutrino ux (the
expectedux for GRB030329for example,is nearlyafactorof 100higherthanthe av-
erageburst[13]). While the averagedourstpropertiessenedasa usefultool whensuch
informationwas missingor inadequateSwift obsenationswill aid usin determining
with muchgreatemrecisionthe predictedneutrino ux for eachindividual burst.
Finally, the transientpoint sourcesearchdescribedherewill alsobe broadenedn
scopeasIceCubecontinueshe legagy of AMAND A. While all of the burstsincluded
in theseresultswere obsened by various photon obsenatories,gamma-raydark or
failed GRBsare hypothesizedo occuratasmuchas100 therateof standardoursts
[7]. Evenif the photonsfrom thesebursts are not obsened, the neutrino signature
may still be detectabldoy this methodif spatialandtemporallocalizationinformation
canbe derived from otherobsenations(suchasafteiglows or correlatedsuperneae).
Additionally, somesuperneaearehypothesizedo emitrelatwvistic jets of materialin a
mannersimilarto GRBs.TheseGRB-like supern@aearealsoa promisingcandidatdor
neutrinoemissiondetectabldy IceCubeor otherkm-scaledetectorg14].
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