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Abstract.
SciBooNE,locatedin theBoosterNeutrinoBeamatFermilab,collecteddatafrom June2007to August2008to accurately

measuremuon neutrinoand anti-neutrinocrosssectionson carbonbelow 1 GeV neutrinoenergy. SciBooNEis studying
chargedcurrentinteractions.Among them,neutralpion productioninteractionswill be the focusof this poster. Theexperi-
mentalsignatureof neutrino-inducedneutralpion productionis constitutedby two electromagneticcascadesinitiatedby the
conversionof theπ0 decayphotons,with anadditionalmuonin thefinal statefor CC processes.

In this poster, I will presenthow we reconstructandselectcharged-currentmuonneutrinointeractionsproducingπ0’s in
SciBooNE
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SCIBOONE

SciBooNE[1] is amuonneutrinoscatteringexperimentlocatedat theBooNEneutrinobeamat fermilab. The0.8GeV
meanenergy neutrinobeamis producedwith a 8 GeV protonbeam.Protonshit a beryllium targetproducingcharged
pionsthatareselectedandfocusedusinga magnetichorn.Theability to switchthehornpolarity allows to selectπ

�
to produceneutrinobeamor π � to produceanti-neutrinobeam.Only neutrinobeamis currentlyusedin thisanalysis.

SciBooNEdetectorconsistsin threesub-detectors:themaindetectorSciBar, theelectromagneticcalorimeter’EC’,
andthemuonrangedetector’MRD’.

• SciBar[3] is afully activeandfinegrainedscintillatordetectorthatconsistsin 14,336barsarrangedin verticaland
horizontalplanes.SciBaris capableto detectall chargedparticlesandperformdE/dxbasedparticleidentification.

• The ElectronCatcher(EC)[4], is a lead-scintillatorcalorimeterconsistingin two planes,onevertical andone
horizontal,with awidth correspondingto 11 X0.

• The MRD[5], consistsin 12 steelplatessandwichedbetweenvertical andhorizontalplanesof scintillator. The
MRD hasthecapabilityto stopmuonswith momentumupto 1.2GeV. TheMRD detectoris usedin thisanalysis
to defineChargedCurrenteventsby taggingtheoutgoingmuon.

Thecurrentanalysisis coveringSciBarcontainedevents,which meansthateventswith particlesotherthanmuons
escapingfrom SciBardetectorarenot beingconsidered.EC detectorwill be introducedin the analysisin the near
futureallowing usto useeventswith particlesescapingfrom SciBarin theforwarddirectionandreachingtheEC.

NEUT [2] event generatoris usedin this analysis.The Rein-Sehgalmodel is implementedto simulateCharged
Currentresonantpion productionwith an axial massMA � 1� 2 GeV/c2. All resonancesup to 2 GeV aretaken into
account.However∆

�
1232� is theresonancethatmorelargelycontributesto theπ0 production.

CC-π0 ANALYSIS

A CC-π0 event is definedin this analysisassuchevent that containsat leasta muonanda neutralpion comingout
from theinteractionvertex. Thisdefinitionincludesneutralpionsgeneratedby secondaryinteractionsinsidethetarget
nucleusas,for instance,chargeexchanges.

Thoughtheπ0 decaysalmostimmediatelyto two photons,andthoseproduceEM cascadeswith anaverageflight
distanceof 25cm,topologicallyaCC-π0 SciBarcontainedeventcontainsamuonreachingtheMRD andtwo or more
trackscontainedin SciBar(seefig. 1). Thenon-muontracksareconsideredgammacandidatesandareusedto, at the
end,reconstructtheneutralpion.



FIGURE 1. TypicalCC-π0 event.Muon trackin green,reconstructedEM showersin yellow andblue.

TABLE 1. Eventselectionsummary.

DATA MC � Purity Efficiency†

MRD matchedsample 30161 30161 6.80% 23.9%
1 muon 28931 27223 6.00% 19.2%
veto 23457 24265 4.00% 11.4%
3 tracks 912 934 23.2% 2.54%
Time cut 846 903 23.8% 2.52%
dE/dx 433 447 27.5% 1.44%
Distancecut 141 137 45.5% 0.73%

�
Normalizedto CC-Inclusive

† Efficiency relative to all eventsproducedin theSciBarfiducial volume.

CC-π0 selection

Given the signaldefinition we canusesomeevent topologyandtrack propertybasedcuts in orderto reducethe
backgroundeventsin thesample(seetable1 for summary).Thechosenfilters areappliedsequentiallyasfollows:

• SciBarusesaCCeventdefinitionbasedonthemuontaggingusingtheMRD1. Then,thefirst appliedselectionis
overeventsthatcontainsatrackreachingtheMRD taggedasamuon.Becausewedon’t expectany otherparticle
to reachtheMRD, wealsorequireonly onetaggedmuonin theevent.

• Giventhatwe areselectingSciBarcontainedevents,we usea vetofilter to dismisseventswith outgoingtracks.
Thevetofilter appliesto eventswith outgoingtrackseitherfrom theupstreamor thesidesof thedetectors.The
vetofilter doesnotapplyontrackspointingto theECbecausethosetrackswill befully reconstructedoncetheEC
informationwill beused.Thevetofilter is alsousefulin orderto removeeventswith in-goingtracksoriginated
in interactionsoutsidethedetector(calledDIRT interactions).

• As discussedbefore,weexpecteventswith 3 tracksin SciBar, themuonandthe2 electromagneticcascadesfrom
thepion decay. We thususea filter to meetthis topology.

• We alsousea time basedfilter in orderto avoid cosmicraysandDIRT generatedtracksin our selectedevents.
Thisfilter requiresthatthephotoncandidatesshouldmatchthemuontime with adifferenceof 20nsor less.

• As commentedbefore,we usethe SciBardE/dx capability in order to separateminimum ionizing particlesas
muonsor photons2 from protons.Mostprotonsarerejectedusingthis filter.

• Finally, a cut is placedrequiring that the photontracksshouldbe disconnectedfrom the event vertex taking
advantageof thelargerphotonflight distance.This cut is particularlyusefulto rejectprotonsandchargedpions,
which trackstartsalwaysfrom theeventvertex.

1 WearealsoperforminganalysisthatusesMichel electronsto tagthemuonsthatdecaysin SciBarwithout reachingtheMRD.
2 Weuse’photon’ and’gamma’in thiscontext to refertheEM cascadesproducedby photoninteractionsin SciBar.



FIGURE 2. Reconstructedphotonenergy. MC normalizedto CC-Inc.

FIGURE 3. π0 reconstructedmass.MC backgroundbroken in eventswith neutralpion andeventswithout neutralpion. MC
normalizedto CC-Incevents.

Preliminary Results

After the above commentedcuts,we get reconstructedphotonswith a typical energy between50 and200 MeV
(seefig. 2). Also, for correctlyassociatedphotoncandidates,theenergy is reconstructedwith 100MeV resolutionand
smallbias.Thephotonsarereconstructedatall angles.

Oncewe have the 2 reconstructedgammas,we areable to reconstructalso the π0 observables.In particularwe
reconstructedtheinvariantmassandalsothemomentumandangle.As youcanseein fig. 4 neutralpionsareproduced
atall angleswith amomentumin 50- 300MeV/c range.It is alsovisibleapeakin theinvariantmassplot neartheπ0

mass(fig. 3).
Fromtheplotswe canseethatourNEUT-basedMC reproduceswell theπ0 observables.

FIGURE 4. Right plot: π0 reconstructedmomentum.Left plot: Cosineof theangleof theπ0 with respectto thebeam.



FIGURE 5. Event reconstructedusing the improved track reconstructionalgorithm.Muon track in green,reconstructedEM
showersin yellow.

UPDATES

Sincetheposterwaspresented,somereconstructionimprovementshavebeenperformed,in this sectionwearegoing
to discussthem.

Thetrackreconstructionin SciBaris performedby a cellularautomatonwhich essentiallytravelsamongthebeam
directionconnectinghits to createtracks.Thefirst reconstructionimprovementwasto implementin thecodeasecond
run of theautomatonbut this time traveling in the transversaldirection,that is perpendicularto thebeam,andusing
the hits that arenot associatedto any track from the first processing.In this way we foundabut a 10% moreevents
containing3 or moretracksandalsowe got theability to reconstructtracksat largerangle,closeto 90 degreeslike in
fig. 5. Thishasbeenanimportantupgradegiventhelow statisticsof theanalysismainlydueto thelackof eventswith
3 or morereconstructedtracks.

A secondimprovementis to useanew algorithmthatimprovesthereconstructionperformanceof theEM cascades.
The EM cascadesin SciBararecharacterizedby disconnectedtrack segmentsandisolatedhits, makingdifficult to
recover andcorrectlyassociateall the photonvisible energy. The new algorithmseeksfor thosedisconnectedtrack
segmentsandmergetheminto a singleextendedtrackvia anenergy-flow algorithm.It alsoseeksfor hits aroundthe
gammacandidatetrackin orderto addtheenergy comingfrom thosehits to thegammatrack.

I this way, thephotonenergy reconstructionis improvedandsois theπ0 observables.By usingthenew algorithm
we find anarrower invariantmasspeakwith lesslow massπ0 thanin thefig. 3. Also, thebiasin theπ0 momentumis
reducedandit canbeobservedanincrementof thehigh momentumpions.
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