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MINERVA
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" We measure neutrino cross ‘ o \?
sections!

" Technology: polystyrene
(CH) fine-grained
scintillator tracker
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MINERVA’s Data
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" 2 data eras: Low Energy (LE) and Medium
Energy (ME)

" ME ~ NOVA era, BUT MINERVA 1s on
axis

" 12x1020 POT in each mode

" arXiv:2209.05540
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MINERVA’s Physics Tune
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Neutron Counting at
MINERVA
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How MINERVA Counts Neutrons
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Data/MC Disagreement in
Neutron Candidate Rate
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Can MINERVA Reconstruct
Neutron Energy by Timing?
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Neutrons in ME Data
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More MINERVA Neutron Results
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Antineutrino QE-Like in ME
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Antineutrino QE-Like Selection

" Medium Energy

o 1 positive muon analysis

' " QE-like = no mesons
in final state

7}

" Neutrons allowed

@@  Protons below but not reconstructed
120 MeV KE are
allowed " Protons allowed
below tracking
J threshold
neutron " Running recoil
Any number of
neutrons are allowed. energy cut
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Results Zoomed
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Model Comparlson in Q-
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Comparison with Neutrino Data
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Fractional uncertainty

Uncertainties
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Conclusions

" MINERVA is sensitive to neutron production

" Angle and coarse timing available, but not direct energy
measurement

" GENIE 2.8.4 + GEANT 4.9.3 p02 over-predicting neutron
candidate rate

" ME neutron production measurements beginning to be published
" Antineutrino QE-like measurement in ME data
" MC needs more strength overall

" Massive statistics enable fine binning
" GENIES3 is a solid contender for most accurate model
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MINERvVA’s Model Tunes

" GENIE: Generates Neutrino Interactions for Experiments

" Simulates kinematics of initial neutrino interaction and propagation out of the
nucleus

" Low energy: 2.8.4
" Medium energy: 2.12.6 (Valencia 2p2h added)

" MnvTunevl: GENIE 2.12.6 with the following tunes:
" 2p2h enhancement by a Guassian up to 50% in some regions
" Valencia RPA suppression
" Non-resonant pion production suppression

" MnvTunevl.2 also includes bug fixes for relativistic kinematics of outgoing
hadrons and suppression of coherent pion production

" MnvTunev3: reweights GENIE 2.12.6 to look like:

" The 2p2h model designed to accompany SuSA
" Bodek-Ritchie high momentum QE enhancement
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Variables of Interest

" E...i: Available energy

avail

" Energy in non-neutron final state particles = energy we can
reconstruct calorimetrically

" Full energy of pions + KE of anything else that’s not a neutron
" Technically ignores rest mass of nucleon resonances

" TKI

" Transverse Kinematic Imbalance
" Use a charged hadron with the muon to look for missing momentum

" Very sensitive to effects of FSI and interactions off of correlated
nucleons (i.e. 2p2h)

" py: neutron momentum under a QE hypothesis for neutrino CCQE
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What Neutrons does MINERVA Detect?
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MINERVA’s Nuclear Targets

" Passive nuclear
Ph Pb c targets upstream of
tracker

" Let us study A-
dependence of
neutrino Cross
sections

Fe

" Determine
interaction material
o R — A ERRLE by X, y coordinates

Pb/Fe Pb/Fe C/Pb/Fe Pb Pb/Fe
125cm




How MINERVA Works

" MINOS data provides precise muon ~
Side HCAL
momentum Side ECAL R
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MINERVA’s Tracker

" Only read out on one end —
timing resolution

" Modules have 4 planes — raises
minimum proton energy for 3D
reconstruction
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Processes We Study

" Interaction on nucleons:

" Quasi-Elastic interaction:
“billiard ball scattering”.
Simple kinematics — E,
measurement

" Pion production

" “2p2h”: interaction on multiple
nucleons

" Deep Inelastic Scattering:
interaction on quarks — lots
of hadronic energy

" Coherent: interaction on
entire nucleus




Even More Complicated: FSI

" Final State Interactions:
" Additional nucleons
" Pions absorbed

" Hadron momenta changed
" Tools we can use against
them:

" QE kinematics from muon

" Coherent pion production:
interacts with whole nucleus

" Transverse Kinematic
Imbalance (TKI)
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Why Measure Cross Sections?

Detector Calibration
Neutro
eutrino Interaction Model
MNear-Far Differences
Detector Response
Lepton Reconstruction
Beam Flux

Total Syst. Unc.
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Uncertainty in sin“6,,

https://arxiv.org/abs/2108.08219

" Reduce interaction model uncertainty

Uncertainty in A, ( %107 eV?)

for oscillation experiments
" Even ND fit doesn’t completely cancel

" Future oscillation experiments planning for
large statistics — reduction in systematics

" First measurement of material ratios!
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