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Introduction

The neutrino remains an enigma within the Standard Model. The Short- x|
Baseline Near Detector (SBND) at Fermilab aims to probe these peculiar .|
particles by examining essential regions of neutrino research, iIncluding |
oscillation measurement and searches for sterile neutrinos.
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As liguid Argon (LAr) neutrino detectors such as SBND gain relevancy, it is . . f-p>dcctionfooied —~—1 2 _ Pron Cut Apphed to p-2p Selfit:ﬂ _ (lower right) with an
necessary to understand neutrino interactions pertinent within LAr Zonf Reco cosO), gy s N Tracks || = ] ﬁgg'oga'QE'ogoniﬂitbutTigﬁ
detectors, namely v-nucleon interactions, to reduce the substantial uncertainties | e 7| e | in the fourth N Track bin
from said interactions. This research intends to probe the v interaction signature | 1" | T [ ;;‘Sir;?'e OMCE ez Cut
of one muon and two protons with SBND. Few studies have examined the p- | ! 1
2p final state, among these are studies at ArgoNeuT!, MicroBooNE?, and | o UHHp o

Reco cosB

ICARUSS. The lack of research on the p-2p signature suggests the need for - . ' N Tracks

further examination. _ _
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dense LAr nuclei enable numerous neutrino interactions, resulting in sufficient 4-2p Seloction Applied L TUE E (GE"-") Pion Cut Applied o -2p Selection
H-2p statistics. s | ' ' T - ' o
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Neutrino experiments observe interactions from quasi-elastic production (QE), : s | T
meson exchange current (MEC), resonant pion production (RES), neutral 00001~ - 1 b E
current (NC), deep Inelastic scattering (DIS), & cosmic muons. HU-2p events : N _ ; - ;
should be produced by QE & MEC processes; however, RES may produce a oF 3=l 1 N -
similar topology with a p-p-= final state. Consequently, the pion tracks may often | = = | T e e
be misidentified as protons. This substantial source of uncertainty indicates | “ TrcE, GeV) | ' True E, (GeV)
the importance of studying the p-2p final state. To accurately identify the p- Figure 5: An estimated progression of event yields after each cut in True E,

2p signature, It Is necessary to develop precise selection criteria, sensitive cuts, an interesting feature among this cut progression in True E, is the improved
1 nalysis of kinematic variables. Ultimately, thi Im
and a detailed analysis o ematic variables. Ultimately, this study aims to ratio of <= ey followmg the added & cut. This ratio goes from 0.886 with the

minimize misidentification & further the precision of neutrino analyses. _

Analvsi LI-2p selection to 1.17 with the additional cut on pions. Despite improved purity,
natysis one must acknowledge the significant decrease In statistics following the & cut.

Throughout this analysis, multiple variables were examined in Monte Carlo data. The future of u-2p analysis will focus on examining real SBND data and

By comparing the contributions of certain production methods, one can comparing the results to our simulation. As data collection commenced, | have
determine essential Information about v-nucleon Interaction modeling. To scanned several p-2p candidate events with SBND such as Fig. 6.

Increase purity, event cuts from Jack Smedley were adapted to the following
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S simulation, the p-2p final state demonstrates a surplus of resonant pion events,
 Fiducial — the interaction is contained Implying the need for further cuts to improve data purity. Refining p-2p criteria
. Muon —y2 >30 42, <60 Track length > 50 cm will Increase precision of neutrino studies from oscillation measurements to

p p :
» Proton—y* #0 %2 <65 (Pieqaaing aS the longest track) sterile v searches.
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It was a common finding In each observable for QE
processes to dominate until the second proton cut.
At this point, RES production dominates, hinting
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Figure 3: The Short-Baseline Near Detector
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