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What is MINERVA?

— — _ i —

* MINERVA: a dedicated on-axis
neutrino-nucleus scattering
experiment running at
Fermilab in the NulMl|
(Neutrinos at the Main Injector)
beamline.

* Our goal:

* Mlake high precision
measurement of neutrino
Interaction cross sections in
the energy region of interests
(1-20 GeV).

» Study nuclear effects

B o s B B A 4 T




c=\Ay?

Why care about cross section”

DUNE CDR, arXiv:1512.06148
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In a period of precision neutrino
oscillation measurements

 Reducing systematics uncertainties
s critical

Reaching low systematics goals
requires control of all systematics,
including neutrino interaction cross
sections.

Oscillation experiments rely on
neutrino-nucleus interaction models In
neutrino event generators.

 Need better model and high
precision data -> goals of MINERVA



Charged Current Interaction

e QOscillation experiments (DUNE, NOVA, T2K, etc.) measure neutrino energy Ev
in the 1-20 GeV region, where many interactions channels are active.
* These interactions channels are signal and the majority of backgrounds in

the oscillation experiment
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Study of Nuclear Effects

w Elastic
Scattering

Pion Production

« short range correlation and medium
range correlation.

« scattered off a pair of
correlated nucleons - “2p2h”
effect

* long range correlation - “RPA” effect

Particles created have to work their
way out of the nucleus -
final state interactions (FSI)

MINERVA provides information big source of uncertainties in the
neutrino interaction!



Neutrino Generators

* GENIE

Widely used by neutrino oscillation and cross section experiments.
Comprehensive physics model and tools to support neutrino
iInteraction simulation.

* NuWRO

Gives predictions for neutrino-nucleus interactions at neutrino
energies between 0.1 and 100 GeV.

* NEUT

Developed tfor Kamiokande, updated continuously for Super-K.
Gives background prediction to proton decay in Super-K



MINERVA Detector
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Neutrino Beam and Flux

Muon Monitors

Figure courtesy Z. Pavlovi¢
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Recent Results from MINERVA

1. In situ Flux-constraint:

* Inclusive Neutrino and Antineutrino Charged Current Cross
Sections in MINERVA Using the Low v-Flux Method.

2. Nuclear Effect Study:
* Nuclear Dependence of Quasi-Elastic Scattering at MINERVA
 Measurement of K+ production in charged-current v, interactions.
3. Background for oscillation experiment/proton search decay:

 Measurement of neutral-current K+ production by neutrinos using
MINERVA.

* Evidence for neutral-current diffractive neutral pion production
from hydrogen in neutrino interactions on hydrocarbon.

« BONUS: First evidence of coherent K+ meson production in neutrino-
nucleus scattering.
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Total Neutrino and Antineutrino Cross Section
using low-Nu Method

» Takes advantage of the fact that the cross section for events with low hadronic
energy (v) is approximately flat with neutrino energy.

* Data agree with the and MINOS results, but extend to lower energies.
* First low-v-based technigue application in NuMI antineutrino-enhanced beam.

* Shows that the technique is applicable to future neutrino experiments operating at
multi-GeV energies.
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Most precise measurements to date below 5 GeV! 11



CCQE Cross Section Ratios:
A-dependence
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Side by Side Comparisons for Ditterent Nuclel!

* Data prefers the simulation with final state interactions
* The A dependence in NuWro seems to be more favored by the data
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Kaon Production

« K" production by atmospheric neutrinos (especially neutral current
interactions) are backgrounds for SUSY-preferred proton decay p = K+ v
 NC K+ event with no particles above Cherenkov threshold will fake the
signal process.
* Mismodeled rates for Kaon + nothing would also be a problem in liquid
Argon detectors

« Both charged and neutral current K* production is sensitive to FSI which is
important to model
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Neutral Current Kaon Production

 Important background in proton decay search!

* Neutral current K+ production cross section are in good agreement with
simulation.

* We need improvements in the interaction and FSI models, but this result supports
the idea that background estimates in proton decay searches are reasonable.
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https://arxiv.org/abs/1611.02224

Coherent K+ Production S

* Very rare process due to small cross sections.

>
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—r T

* |solate events with a p~ K™ final state, low momentum transfer to the

nucleus, and no evidence of nuclear breakup.

* We find 6 events in signal region. Fit estimates 3.7

7+2.64

This is the first experimental evidence for the process at 3o signiticance.
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Data/Sim.
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Fraction of events

Fraction of events
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First direct experimental observation and characterization of this process!
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Fraction of events

Fraction of events
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First direct experimental observation and characterization of this process!
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summary

MINERVA provides measurement for signal and background rates in
oscillation experiments: quasi elastic scattering, kaon production, etc.,
iImproving model descriptions used by both theory and oscillation
experiments.

MINERVA has performed many first time measurements: direct data
constraint of backgrounds from atmospheric neutrinos to proton decay:
o — Kv, coherent kaon production, and nuclear dependence in neutrino
Cross-sections.

MINERVA is building a rich set of results that nicely span the first oscillation
peak at DUNE.

Currently taking data in the medium energy range:

« Higher statistics yields improve comparisons across
nuclei

* Access to expanded kinematics and nuclear
structure functions



From MINERVA Collaboration:

21






What Next”?

« High-statistics dataset in hand, and almost fully calibrated.

Neutrino Flux
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In-situ Flux Constraints:
L ow Nu Method

Phys. Rev. D 94, 112007 (2016)

e Charged-current scattering with low

hadronic recoil energy (v) is flat as a
function of E,
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Charged-Current Kaon Production

« Charged current K production cross section shows reasonably good
agreement with simulation (GENIE and NuWRO).

» First high-statistics measurement of the K™ production in v, charged-current

interactions.

* ~50 times more events than have been observed in previous experiments
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Events per 20 MeV
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Coherent Kaon Production
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the null hypothesis of zero signal events to the best fit

of 3.77, and find a p-value of 0.28% including systematic
uncertainties, equivalent to a 3.0 standard deviation
exclusion of the null hypothesis of no coherent kaon

production
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Electron Neutrinos
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Comparisons with the generator

« Data prefers the simulation with final state interactions
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* The A dependence in NuWro seems to be more favored by the data
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