~65 Particle, nuclear and theoretical physicists from 20 institutions

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

» asa fun.ctlon of measured neutrmo energy . NuMI “LOW Energy” Beam Flux
» Study differences between neutrinos and anti-neutrinos
. . ~120F hadron productuon 7
Medlum Energy (ME) Beam (NOVA) GoaIS. corrected flux
v Structure functions on various nuclei 100 F —Vu ]
v Study high energy feed-down backgrounds to oscillation so b —Vy, h
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v High intensity, wide range of available energies

MINERVA detector provides

v Reconstruction in different nuclei, broad range of final
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MINERVA Detector

Nuclear Targets

v Allows side by side
comparisons between
different nuclei

v Pure C, Fe, Pb, LHe, water
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v Low visible energy thresholds

Solid scitillator (CH)
tracker

v Tracking, particle ID,
colorimetric energy
measurements

Side and downstream
electromagnetic and
hadronic calorimetry

v Allow for event energy
containment

MINOS Near Detector

v Provides muon charge and

momentum
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Events in MINERVA

One out of three views shown, color = energy
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v, Quasielastic with
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v, CCQE 1s oscillation signal, but
almost no cross section data.

W Electron neutrino CCQE

(10*° cm2/ GeV?2/ nucleon)
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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)
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momenta, more events and
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Charged Pion Production
- Muon Variables

Shape of cross section versus muon kinematics is independent of FSI model.
GENIE agrees well with MINERVA’s data here, indicating that the disagreement
in pion variables is likely due to problems with FSI models
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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

Model independent selection and high statistics 11]=(q-p=)?

allows test of pion kinematics I—@ : @_,

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

=~ v, Tracker — p*11°X (X has no mesons) g2 Vu Tracker — p =X (W < 1.4 GeV)

) F MINERvA o e Dat

S E Area normalized + Data ® | n‘aFianaI Stat

% 35 20tes20p0T & W Zero-n

o F Multi- — n° > Multi-n -

= E . . - B

T 30 Antineutrino  [x e g - it

o F ) £ x

L 25 Neutral Pion Il ietastic z EEZR = Non-nturacing

o F < .

g 20 % 7° Elastic « Neutrmo

F e = K

N\E 15 F 222 10 Non-interacting % Charged Pion

G F s
o E 3 |
I

o

Z

do
dp,

06 08 10 12 14

p . (GeVic) Pion Kinetic Energy (MeV)
7|:ﬂ

MINERvA’s Pion measurements are powerful discriminators of FSI models |,

(10* cm?/nucleon/(GeVi/c))

do

v, Tracker — w*n®X (X has no mesons)

40: MINERVA
35} " orasoror —4— Data
30 —— GENIE w/ FSI
25 . L GENIE w/o FSI
20}
15F )l -
10F | i f b
F 1 :
5 ¢4
B =4
Q. | ] . I I 1 ] ] .
T 00 02 04 06 08 1.0 1.2 14 1.6
P_, (GeVic)

LA A A A R A A A T T T T A A A A T LA I A A A ) R ) ) P P
) 32 34 35 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100102104106108110112114

Trung Le FNAL W&C 9 Jan 2015



v, CC Inclusive Double Differential

¢ Measure a cross section in two variables
that show how the neutrino's energy is
split between the outgoing muon and

outgoing hadrons. r——— 2.0
— VvA 3.33x pot
¢ Oscillation experiments depend on s ' ' II
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Strong evidence for two nuclear effects not in our standard prediction
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How are CC reactions
modified by nucleus?

Phys. Rev. Lett. 112, 231801 (2014)
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Scintillator Modules

Adjusted Vertex Z (cm)

]

3 True Event Origins - Reconstructed Vertex Z
x10

Targets are passive and
there is contamination
from nearby scintillator.

Use events in the tracker
modules to estimate and
subtract contamination
from scintillator events.

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.
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MINERVA is the first experiment to look for the
“EMC Effect” in neutrino scattering
No evidence of discrepancy with model (which
does not include EMC effect). Currently
statistically limited. Much higher stats analysis
underway



Z° Neutrino-Electron Scattering

€ € Very forward single electron final state
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MINERvVA: Future Plans

¢ Still many interesting results to
come out of the Low Energy dataset

v Kaon Production

v More studies of Quasi-Elastic Interactions s Neutrino Fiux
0.16f

» Double Differential cross sections,
improved reconstruction

» Cross Section Ratios: Pb/CH, Fe/CH

0.14f -
0.12F -

0.10F -

Neutrinos/cm*GeV/POT

0.08-

¢ Currently taking Medium Energy data

v Eventrates much higher

L MINERVA Preliminary]
0.06(~ __
0.04f -

v Planning for 2 years anti-v running + v 002k ]

v Will be able to probe nuclear effects for 0.00 T
several channels, especially DIS

Energy (GeV)

¢ Results should continue to improve model
descriptions used by both theory and

oscillation experiments
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