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Abstract.

SciBooNE Jocatedin theBoostemMeutrinoBeamat Fermilab,collecteddatafrom June2007to August2008to accurately
measuremuon neutrinoand anti-neutrinocrosssectionson carbonbelov 1 GeV neutrinoenegy. SciBooNEis studying
chaged currentinteractions Among them, neutralpion productioninteractionswill be the focusof this poster The experi-
mentalsignatureof neutrino-induceaheutralpion productionis constitutedby two electromagneticascadefitiated by the
conversionof the i° decayphotonswith anadditionalmuonin thefinal statefor CC processes.

In this poster | will presenhow we reconstrucandselectchaged-currenmuonneutrinointeractionsproducingn®’s in
SciBooNE
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SCIBOONE

SciBooNE[1] is amuonneutrinoscatteringexperimentiocatedat the BooNE neutrinobeamat fermilab The0.8GeV
meanenegy neutrinobeamis producedwith a8 GeV protonbeam.Protonshit a beryllium targetproducingchaged
pionsthatareselectecandfocusedusinga magnetichorn. The ability to switchthe horn polarity allows to selectrr™
to produceneutrinobeamor 1~ to produceanti-neutrincdbeam.Only neutrinobeamis currentlyusedin this analysis.

SciBooNEdetectorconsistdn threesub-detectorgdhe maindetectorSciBar, the electromagneticalorimeterEC’,
andthemuonrangedetectorMRD'.

- SciBar[J is afully active andfine grainedscintillatordetectothatconsistsn 14,336barsarrangedn verticaland
horizontalplanes SciBaris capabldo detectall chagedparticlesandperformdE/dxbasedarticleidentification.

« The ElectronCatcher(EC)[4], is a lead-scintillatorcalorimeterconsistingin two planes,onevertical andone
horizontal with awidth correspondingo 11 X,.

- The MRDI[5], consistsn 12 steelplatessandwichedetweenvertical and horizontalplanesof scintillator. The
MRD hasthe capabilityto stopmuonswith momentunupto 1.2 GeV. TheMRD detectoiis usedin this analysis
to defineChaigedCurrenteventsby taggingthe outgoingmuon.

The currentanalysisis covering SciBarcontainedevents,which meanghateventswith particlesotherthanmuons
escapingrom SciBar detectorare not being consideredEC detectorwill be introducedin the analysisin the near
futureallowing usto useeventswith particlesescapingrom SciBarin theforwarddirectionandreachingthe EC.

NEUT [2] eventgeneratoris usedin this analysis.The Rein-Sehgamodelis implementedo simulateChaged
Currentresonanipion productionwith an axial massMa = 1.2 GeV/c?. All resonancesip to 2 GeV aretaken into
accountHowever A(1232) is theresonancéhatmorelargely contritutesto the i production.

CC-m° ANALYSIS

A CC-1° eventis definedin this analysisas sucheventthat containsat leasta muonanda neutralpion comingout
from theinteractionvertex. This definitionincludesneutralpionsgeneratedby secondarynteractionsnsidethetarget
nucleusas,for instancechageexchanges.

Thoughthe ° decaysalmostimmediatelyto two photons andthoseproduceEM cascadesvith an averageflight
distanceof 25 cm, topologicallya CC-1° SciBarcontainedeventcontainsa muonreachinghe MRD andtwo or more
trackscontainedn SciBar(seefig. 1). The non-muontracksareconsideredjammacandidatesndareusedto, atthe
end,reconstructheneutralpion.
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FIGURE 1. Typical CC-m0 event.Muon trackin green reconstructeEM shaversin 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-Inclusve
T Efficiengy relative to all eventsproducedn the SciBarfiducial volume.

CC-m° selection

Given the signaldefinition we can usesomeeventtopology andtrack propertybasedcutsin orderto reducethe
backgroundeventsin the sample(seetable 1 for summary).The choserfilters areappliedsequentiallyasfollows:

SciBarusesa CC eventdefinitionbasedn themuontaggingusingthe MRD?. Then,thefirst appliedselectioris
overeventsthatcontainsatrackreachinghe MRD taggedasa muon.Becauseve don’t expectary otherparticle
to reachthe MRD, we alsorequireonly onetaggedmuonin theevent.

Giventhatwe areselectingSciBarcontainedevents,we usea vetofilter to dismisseventswith outgoingtracks.
The vetofilter appliesto eventswith outgoingtrackseitherfrom the upstreanor the sidesof the detectorsThe
vetofilter doesnotapplyontrackspointingto the EC becaus¢hosetrackswill befully reconstructedncetheEC
informationwill be used.The vetofilter is alsousefulin orderto remove eventswith in-going tracksoriginated
in interactionsoutsidethe detector(calledDIRT interactions).

As discussedbefore we expecteventswith 3 tracksin SciBar themuonandthe 2 electromagneticascadefrom
thepion decay We thususea filter to meetthis topology

We alsouseatime basedfilter in orderto avoid cosmicraysandDIRT generatedracksin our selectedevents.
Thisfilter requiresthatthe photoncandidateshouldmatchthe muontime with a differenceof 20nsor less.

As commentedefore,we usethe SciBardE/dx capabilityin orderto separataminimum ionizing particlesas
muonsor photong from protons Most protonsarerejectedusingthis filter.

Finally, a cut is placedrequiring that the photontracks shouldbe disconnectedrom the event vertex taking
adwantageof the larger photonflight distanceThis cutis particularlyusefulto rejectprotonsandchagedpions,
which track startsalwaysfrom the eventvertex.

1 We arealsoperforminganalysisthatusesMichel electrongo tagthe muonsthatdecaysn SciBarwithoutreachingthe MRD.
2 We use’photon’ and’gamma’in this context to referthe EM cascadeproducecdby photoninteractionsn SciBar
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FIGURE 2. Reconstructeghotonenegy. MC normalizedto CC-Inc.
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FIGURE 3. 1 reconstructednass.MC backgroundbroken in eventswith neutralpion and eventswithout neutralpion. MC
normalizedto CC-Incevents.

Preliminary Results

After the abose commentectuts, we get reconstructegohotonswith a typical enegy between50 and 200 MeV
(see€fig. 2). Also, for correctlyassociategphotoncandidatesthe enepy is reconstructeavith 100MeV resolutionand
smallbias.The photonsarereconstructeatall angles.

Oncewe have the 2 reconstructedyjammaswe are ableto reconstrucilsothe m° obsenables.In particularwe
reconstructetheinvariantmassandalsothemomenturmandangle.As you canseein fig. 4 neutralpionsareproduced
atall angleswith amomenturrin 50 - 300MeV/c range It is alsovisible a peakin theinvariantmassplot nearthe r°
masg(fig. 3).

Fromthe plotswe canseethatour NEUT-basedVIC reproducesvell the 7° obsenables.
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FIGURE 4. Right plot: ° reconstructednomentumLeft plot: Cosineof theangleof the i° with respecto thebeam.
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FIGURE 5. Eventreconstructedising the improved track reconstructioralgorithm. Muon track in green,reconstructecEM
shaversin yellow.

UPDATES

Sincetheposterwaspresentedsomereconstructionmprovementshave beenperformedjn this sectionwe aregoing
to discusghem.

Thetrackreconstructionn SciBaris performedby a cellularautomatorwhich essentiallytravelsamongthe beam
directionconnectinghitsto createtracks.Thefirst reconstructionmprovementwasto implementin thecodea second
run of the automatorbut this time traveling in the trans\ersaldirection, thatis perpendiculato the beam,andusing
the hits that arenot associatedo arny track from the first processingln this way we found abut a 10% more events
containing3 or moretracksandalsowe gotthe ability to reconstructracksatlargerangle,closeto 90 degreedikein
fig. 5. This hasbeenanimportantupgradegiventhelow statisticsof the analysismainly dueto thelack of eventswith
3 or morereconstructedracks.

A secondmprovements to usea new algorithmthatimprovesthereconstructiomperformancef the EM cascades.
The EM cascade#n SciBarare characterizedy disconnectedrack segmentsandisolatedhits, makingdifficult to
recover and correctlyassociateall the photonvisible enegy. The new algorithmseeksfor thosedisconnectedrack
segmentsandmergetheminto a singleextendedtrack via an enegy-flow algorithm.It alsoseekgor hits aroundthe
gammacandidaterackin orderto addthe enegy comingfrom thosehits to thegammatrack.

| this way, the photonenegy reconstructions improvedandsois the 1° obsenables By usingthe new algorithm
we find anarraver invariantmasspeakwith lesslow massr® thanin thefig. 3. Also, thebiasin the i° momenturris
reducedandit canbe obseredanincremenif the high momentunpions.
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