MINERVA Overview

¢ MINERVA is studying neutrino interactions in
unprecedented detail on a variety of different nuclei

¢ Low Energy (LE) Beam Goals:

v Study both signal and background reactions relevant to
oscillation experiments (current and future)
v Study nuclear effects in inclusive reactions
v Measure nuclear effects on exclusive final states
» as a function of measured neutrino energy
» Study differences between neutrinos and anti-neutrinos
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¢ Medium Energy (ME) Beam (NOvA) Goals: corected fux ]
v Structure functions on various nuclei oo —Vu

v Study high energy feed-down backgrounds to oscillation 8o | —Vy ]
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¢ NuMI Beamline provides
v High intensity, wide range of available energies

¢ MINERVA detector provides

v Reconstruction in different nuclei, broad range of final .
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~65 Particle, nuclear and theoretical physicists from 20 institutions
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MINERVA’s Detector

Nuclear Targets

v Allows side by side
comparisons between
different nuclei

v Pure C, Fe, Pb, LHe, water
Solid scintillator (CH)
tracker
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v Tracking, particle ID,
colorimetric energy

measurements | ’J :

v Low visible energy thresholds
Side and downstream
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Events in MINERVA

One out of three views shown, color = energy
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Neutrino & Anti-Neutrino
Charged Current Quasielastic

Phys Rev. Lett. 111, 002051 and 002052 (2013)
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" Quasielastic with Observed
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Do we correctly model”
nuclear rescattering, -

Charged Pion Production
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“final state interactions”?

Our data on pion kinematics favors FSI
models in generators (GENIE, NEUT, GiBUU)

MiniBooNE MINERVA
PRD 83, 052007 (2011) 3.04€20 POT
15 _GENIE  _ GENE
BNB flux, CH2 NuMI flux, CH
+ data + data

10r

e

do/dT,, (102 cm?/MeV/nucleon)

5l
Jd 444&4&
O 1 1 1
0 100 200 300

n* Kinetic Energy (MeV)

400

MiniBooNE’s measurement
of same reaction sees harder

momenta, more events and

suggest less FSI.

There is significant tension

between the experiments.
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Coherent Pion Production

Can we resolve experimental
puzzles on rate for this process? v —

Low multiplicity process 1s a troublesome

background for oscillation experiments and
previous low energy data is confusing 2
Model independent selection and high statistics 1t]=(q-p=)?

allows test of pion kinematics |_@ @_|

1628 (770) coherent neutrino (antineutrino) events
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Neutral Pion Production

Do we correctly model nuclear
rescattering — complementary to
charged pion production

Antineutrino cross section indicates good model
agreement in kinematic regions where Final
State Interactions (FSI) are minimal, but tension
with models in FSI-dominated regions
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How are CC reactions
modified by nucleus?
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1. At low x, we observe a deficit that increases
with the size of the nucleus.

2. At high x, we observe an excess that increases
with the size of the nucleus.

These effects are not reproduced by current
neutrino interaction models.



B
| 0 . .
Z Neutrino-Electron Scattering
© € Very forward single electron final state
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MINERVA: Future Plans

¢ Still many interesting results to

Invariant Mass (MeV/c?)

come out of the Low Energy dataset Y g0 oy ey [+ DATR
v Electron Neutrino Cross Sections % zzz o il
v Kaon Production % 250 now
v More studies of Quasi-Elastic Interactions 5 { T[O
» Double Differential cross sections, - :22 I
improved reconstruction 504 +H6**Hm .
» Cross Section Ratios: Pb/CH, Fe/CH % 100 200 300 400 500 600

Invariant Mass (MeV/c?)

¢ Currently taking Medium Energy data . Neutrino Flux
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v Event rates much higher g :::_ S R

v Planning for 2 years anti-v running + v % 0.12;— e -

v Will be able to probe nuclear effects for g 0:10f :
several channels, especially DIS g oosf e roiminad

¢ Results should continue to improve model .t
descriptions used by both theory and oorf
oscillation experiments SR



