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Abstract. Thesinglelargestbackgroundo futuren,! ne(nm! ne) oscillationsearchess neutral

currentp® production.MiniBooNE, which begantaking antineutrinodatain January2006,hasthe
world's largestsampleof p®'s producedby antineutrinosn the 1 GeV enegy range Theseneutral
pionsare primarily producedthroughthe D resonancédut canalsobe createdthrough“coherent
production’ The latter processis the coherentsum of glancing scattersof (anti)neutrinosoff a
neutronor proton,in which the nucleuss keptintactbut a p° is createdCurrentanalysisof NC p°
productionin the MiniBooNE antineutrinodatawill bediscussed.
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THE MINIBOONE EXPERIMENT

The Mini BoosterNeutrino Experiment(MiniBooNE) [1] usesthe FermilabBooster
neutrinobeam,which is producedfrom 8 GeV protonsincidenton a Be target. The
targetis locatedinside a horn, which producesa toroidal magnetic eld that focuses
pionsandkaons.Thesemesonghenpassthrougha collimator and candecayinsidea
50-m-longtunnel. The MiniBooNE Cherenkv detectoylocated541 m from the front
of thetamget,is a sphericatank lled with 800tonsof puremineraloil. Theinsidewall
is lined with 1280phototubesvhile the outsidewall is coveredby 240vetophototubes.

MiniBooNE beganrunningin antineutrinomodein January2006 and currently has
the world's largest sampleof p%s producedby antineutrinosin the 1 GeV enegy
range(with over 1700 eventsafter cuts). As with arny antineutrinobeam,thereis a
non-ngligible “wrong-sign” (WS) n backgroundwhich comprises 30% of thetotal
events.Thisis dueto thelarge p* to p ratio producedby a protonbeamincidenton
thetamget.

NEUTRAL CURRENT p° PRODUCTION

At low enegy, neutralcurrent(NC) p®'s areproducedvia two differentmechanisms:

nN! nD! np°N  (resonat) (1)
nA! nAp®  (coheert) (2)

In resonantp® production,a (anti)neutrinointeractswith an n or a p, exciting the
nucleorinto aD® or D', whichthendecaysackto ann or ap, emittingap®. In coherent
pY productionyery little enegy is exchangedetweerthe (anti)neutrincandthen or p.
Thenucleuss left intactbut a p° is createdrom the coherensumof scatteringfrom alll
thenucleonsA signatureof this processs a p° which is distinctly forward-scattered.



NC p%sasan Oscillation Search Background

A p° decays/ery promptlyinto two photong(t po  8x10 17s),whichcanbedetected
in MiniBooNE astwo electron-like rings. However, if only onetrackis resohable,this
eventcanbe misidenti ed asa singleelectron-like ring, which is the event signatureof
a ne (ne) interaction.Thus,understandingf NC p° eventsis crucial.

Unfortunately thereis currently only one publishedmeasurementf the absolute
rate of antineutrinoNC p° production[2]; this measuremenivas reportedwith 25%
uncertaintyat2 GeV. Furthermorecurrenttheoreticamodelson coherenp® production
canvary by up to an orderof magnitudein their predictionsat low enegy, the region
mostrelevantfor (anti)neutrincoscillationexperiments.

COHERENT p®SIN TERMSOF E,(1 cosgp) IN n MODE

Coherentandresonanp?® productionaredistinguishabléy cosqp, Whichis the cosine
of the lab angleof the outgoingp® with respecto the beamdirection.It turnsout that
it is even betterto study coherentp®'s in termsof the pion enegy-weightedangular
distribution sincein coherentevents,Ep(1  cosgp) hasa more regular shapeas a
function of momentumthan cosq, alone.Thus,we will t for the coherentcontent
asafunctionof the pion enegy-weightedangulardistribution.

This t hasin factbeendonein neutrinomode[3]. However, in antineutrincscattering
thereis a helicity suppressiorior mostinteractionsincluding resonanfproductionof
p®'s, but not for coherenproduction.Thus,theratio of coherento resonanscattering,
whichis small,is enhancedh antineutrinarunning.

Event Selection

In selectingMiniBooNE NC p° events,we requirethe following: only onesub-eent
(so that the interactionis NC), veto hits<6 (to eliminate cosmicrays), tank hits>200
(to eliminate Michel electrons)andthe event occurswithin the ducial volume.The
surviving eventsare then reconstructedinderfour hypothesesa single electron-like
Cherenkv ring, a single muon-like ring, two gamma-lile rings with unconstrained
kinematicsandtwo gamma-lileringswith theinvariantmass= myo. Thereconstruction
packageusesa detailedmodelof tracklight productionandpropagatiorin the tankto
predictthe chage andtime of hits on eachPMT. Event parametersarethenvariedto
maximizethelik elihoodof theobseredhits.

Data/M C Comparisons

The following gures shav comparisonsbetweenMiniBooNE antineutrinodata
and MC, which have beenrelatively normalized.Only statistical errors are showvn.
The MC includesa rescalingof the Rein-Sehgatoherentcrosssectionbasedon the
measuremenn [3]. The antineutrinodatasetshavn hasnot yet beent for coherent
content(Thisis in progress.)
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FIGURE 1. Theinvariantmasswith theright signandwrongsigncontritutionsshown.
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FIGURE 2. Theleft plotshavsthe p® momentumTheright plot shovsthecosineof the p® anglewith
respecto thebeamdirection.Here, RESdenotep?' s producedrom aprimaryinteractiondeltaresonance
andCOH denotesp?'s producedrom coherentscatteringBGD denotesan interactionin whicha p? is
createdvia a differentmeanghanRESandCOH.MC TOTAL is thesumof RES,COH,andBGD.
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FIGURE 3. Theleft plotshavsthepionenegy-weightedanguladistribution. Theright plot alsoshavs
the pion enegy-weightedangulardistribution but with no coherentcontribution in the total MC. Here,
RES,COH, andBGD denotethe samequantitiesdescribedn caption2.



Whencoherentp® productionis absentrom the MC (right plot of Fig. 3), onecan
seethepooragreemenbetweerdataandMC in thelowerendof Ep(1  cosqp), where
mostof the p%'s areexpectedto be producedrom coherentscatteringThe agreement
becomesgood when coherentp® productionis included (left plot of Fig. 3). Thus,
MiniBooNE datais alreadysuggestingvidencefor antineutrinaccoherenp® production.
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