
NC p0 Production in the MiniBooNE
Antineutrino Data

V. T. Nguyen,for theMiniBooNE Collaboration

Departmentof Physics,ColumbiaUniversity

Abstract. Thesinglelargestbackgroundto futuren̄m ! n̄e (nm ! ne) oscillationsearchesis neutral
currentp0 production.MiniBooNE, which begantakingantineutrinodatain January2006,hasthe
world's largestsampleof p0's producedby antineutrinosin the1 GeV energy range.Theseneutral
pionsareprimarily producedthroughthe D resonancebut canalsobe createdthrough“coherent
production.” The latter processis the coherentsum of glancingscattersof (anti)neutrinosoff a
neutronor proton,in which thenucleusis keptintactbut ap0 is created.Currentanalysisof NC p0

productionin theMiniBooNE antineutrinodatawill bediscussed.
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THE MINIBOONE EXPERIMENT

The Mini BoosterNeutrino Experiment(MiniBooNE) [1] usesthe FermilabBooster
neutrinobeam,which is producedfrom 8 GeV protonsincident on a Be target. The
target is locatedinsidea horn, which producesa toroidal magnetic�eld that focuses
pionsandkaons.Thesemesonsthenpassthrougha collimatorandcandecayinsidea
50-m-longtunnel.The MiniBooNE Cherenkov detector, located541 m from the front
of thetarget,is a sphericaltank�lled with 800tonsof puremineraloil. Theinsidewall
is linedwith 1280phototubeswhile theoutsidewall is coveredby 240vetophototubes.

MiniBooNE beganrunningin antineutrinomodein January2006andcurrentlyhas
the world's largest sampleof p0's producedby antineutrinosin the 1 GeV energy
range(with over 1700 eventsafter cuts). As with any antineutrinobeam,there is a
non-negligible “wrong-sign” (WS) n background,which comprises� 30%of thetotal
events.This is dueto the large p+ to p � ratio producedby a protonbeamincidenton
thetarget.

NEUTRAL CURRENT p0 PRODUCTION

At low energy, neutralcurrent(NC) p0'sareproducedvia two differentmechanisms:

n̄N ! n̄D! n̄p0N (resonant) (1)

n̄A ! n̄Ap0 (coherent) (2)

In resonantp0 production,a (anti)neutrinointeractswith an n or a p, exciting the
nucleoninto aD0 or D+ , whichthendecaysbackto ann or ap,emittingap0. In coherent
p0 production,very little energy is exchangedbetweenthe(anti)neutrinoandthen or p.
Thenucleusis left intactbut ap0 is createdfrom thecoherentsumof scatteringfrom all
thenucleons.A signatureof thisprocessis ap0 which is distinctly forward-scattered.



NC p0’s as an Oscillation Search Background

A p0 decaysverypromptlyinto twophotons(t p0 � 8x10� 17s),whichcanbedetected
in MiniBooNE astwo electron-like rings.However, if only onetrackis resolvable,this
eventcanbemisidenti�ed asa singleelectron-like ring, which is theeventsignatureof
a n̄e (ne) interaction.Thus,understandingof NC p0 eventsis crucial.

Unfortunately, there is currently only one publishedmeasurementof the absolute
rateof antineutrinoNC p0 production[2]; this measurementwas reportedwith 25%
uncertaintyat2 GeV. Furthermore,currenttheoreticalmodelsoncoherentp0 production
canvary by up to an orderof magnitudein their predictionsat low energy, the region
mostrelevantfor (anti)neutrinooscillationexperiments.

COHERENT p0’S IN TERMS OF Ep(1� cosqp) IN n̄ MODE

Coherentandresonantp0 productionaredistinguishableby cosqp , which is thecosine
of the lab angleof theoutgoingp0 with respectto thebeamdirection.It turnsout that
it is even betterto studycoherentp0's in termsof the pion energy-weightedangular
distribution since in coherentevents,Ep (1 � cosqp) has a more regular shapeas a
function of momentum,than cosqp alone.Thus,we will �t for the coherentcontent
asa functionof thepionenergy-weightedangulardistribution.

This�t hasin factbeendonein neutrinomode[3]. However, in antineutrinoscattering
thereis a helicity suppressionfor most interactions,including resonantproductionof
p0's,but not for coherentproduction.Thus,theratio of coherentto resonantscattering,
which is small,is enhancedin antineutrinorunning.

Event Selection

In selectingMiniBooNE NC p0 events,we requirethefollowing: only onesub-event
(so that the interactionis NC), veto hits<6 (to eliminatecosmicrays), tank hits>200
(to eliminateMichel electrons),andthe event occurswithin the �ducial volume.The
surviving eventsare then reconstructedunder four hypotheses:a single electron-like
Cherenkov ring, a single muon-like ring, two gamma-like rings with unconstrained
kinematics,andtwo gamma-likeringswith theinvariantmass= mp0. Thereconstruction
packageusesa detailedmodelof track light productionandpropagationin the tank to
predict the charge andtime of hits on eachPMT. Event parametersarethenvariedto
maximizethelikelihoodof theobservedhits.

Data/MC Comparisons

The following �gures show comparisonsbetweenMiniBooNE antineutrinodata
and MC, which have beenrelatively normalized.Only statisticalerrors are shown.
The MC includesa rescalingof the Rein-Sehgalcoherentcrosssectionbasedon the
measurementin [3]. The antineutrinodatasetshown hasnot yet been�t for coherent
content.(This is in progress.)



FIGURE 1. Theinvariantmasswith theright signandwrongsigncontributionsshown.

FIGURE 2. Theleft plot showsthep0 momentum.Theright plot showsthecosineof thep0 anglewith
respectto thebeamdirection.Here,RESdenotesp0'sproducedfromaprimaryinteractiondeltaresonance
andCOH denotesp0's producedfrom coherentscattering.BGD denotesan interactionin which a p0 is
createdvia a differentmeansthanRESandCOH.MC TOTAL is thesumof RES,COH,andBGD.

FIGURE 3. Theleft plot showsthepionenergy-weightedangulardistribution.Theright plot alsoshows
the pion energy-weightedangulardistribution but with no coherentcontribution in the total MC. Here,
RES,COH,andBGD denotethesamequantitiesdescribedin caption2.



Whencoherentp0 productionis absentfrom the MC (right plot of Fig. 3), onecan
seethepooragreementbetweendataandMC in thelowerendof Ep(1� cosqp ), where
mostof thep0's areexpectedto beproducedfrom coherentscattering.Theagreement
becomesgood when coherentp0 productionis included (left plot of Fig. 3). Thus,
MiniBooNEdataisalreadysuggestingevidencefor antineutrinocoherentp0 production.
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