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What is MINERvVA?

s Dedicated neutrino-nucleus cross-section experiment running
at Fermilab in the NuMI beamline.

120 modules of tracker, targets, and calorimetry
— (Total Mass: ~ 200 tons)  Eevation view

s Will perform detailed

study of neutrino - _ | v
. . Side HCAL |
interactions on a Side EGAL AT .
: : =| g £%
variety of nuclei. B0 | 3s v-Beam\.(,g/ §3
4 USing LOW Energy % % . g; Active Tracker P gé 'gé E f) 2%
Neutrinos 2|z g_ AN il 53| ¥8 |77 |22
. . . k= iqui % (&) .3 tons tota % c
s Visualized with a §| Helum | il 23
Side ECAL 0.6 tons v =

fully active, high _

. Side HCAL 116 tons
resolution detector — - — -
and large statistics N

\ 4

(Helium and Water targetsinstalled fall 2011)

NuTel 2013: March 13, 2013 V. Paolone, University of Pittsburgh




Detector Capabilities

Vertex Y Residual, pHSZDGeVIc

» Good tracking resolution (~3 mm) = oy

| Vel g:j Enlerg;/ reéolu’;iong
s Calorimetry for both charged hadronic particles f.;  towe
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and EM showers e
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s Timing information (few ns resolution) R

s Containment of events from neutrinos up to several GeV
(except muon)

s Muon energy and charge measurement from MINOS

s Particle ID from dE/dx and energy+range

s But no charge determination except muons entering MINOS
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Why is MINERVA Needed?

s Existing data between 1-20 GeV
poorly understood:
s Mainly bubble chamber data
s Wide band neutrino beams
s Low statistics samples
s Large uncertainty on flux. i.e.
large systematic errors.
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Why do we care that the
cross-sections are poorly know?

¢V oscillations:

— We are now in a period of precision neutrino oscillation measurements
— Recall oscillation probability depends on E

- However Experiments Measure E__

G. Zeller

- E_ .. depends on Flux, o, detector response, interaction i

multiplicities, target type, particle type produced and _
final state interactions: E . not equal to E_ 5

— Appearance Oscillation Measurements:
- Large © , and CP violation - systematics important & 0.6
- Backgrounds to v_searches:
- CC v events with ™ and "lost" p
-NCn”v +N-v +N+u’
- Intrinsic v_ in beam (Specific to NuMI beam) o
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MINERvVA Energy Range
¢ Neutrinos a weak-interaction probe of nuclear structure
— Probe of axial form factor

— A dependence of neutrino interactions
— Strange production

¢ Need Precision understanding of Low energy (Few GeV) v, & ‘7,, cross sections.
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Data Collected and
Expected Sample Sizes
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‘Recently completed low energy (LE, peak
~3 GeV) running:

— LE neutrino mode 3.98x10%° POT

- LE anti-neutrino mode 1.7x10%° POT

— Flux-calibration runs 4.94x10'° POT
~ NuTel 2013: March 13, 2013

— We will soon start taking
data in the NOvVA era with
a higher energy beam:
(ME, peak ~6 GeV) -
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CC Inclusive X

v /v inclusive charged current scattering:
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vp/ 6“ Inclusive: Kinematic
Variable Distributions
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(All plots absolutely normalized)
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CCQE Scattering: X

¢ Considered a possible standard candle for neutrino oscillation experiments
¢ ~30% discrepancy in the QE cross section measurements between MiniBooNE/SciBooNE
and NOMAD

¢ Could be be due to the axial mass M, or nuclear effects

¢ Could Depend on Energy Reconstruction Assumptions

pae _ ma = (my - By’ —m2 +2(m, — Ey) E,
v 2(m, — By — E, + p,cos(60,))

(Nuclear binding energy E =30 MeV)

¢ Reconstructed neutrino energy Ev (CCQE)
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Minerva nicely covers region of interest
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GH CCQE Analysis

All Other Cuts Applied
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Total efficiency: ~40% Total purity: ~75%
(Uses ~1/3 of POT on tape)
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GH CCQE Results

CCQE Candidates CCQE Candidates
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Unfolded distributions (BK subtracted) are normalized by efficiency, flux & proton number to
‘ produce final cross-sections: Uses simple matrix inversion method of unfolding
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 Analysis and Results

Sample selection similar to anti-nu analysis:
— Requires MINOS-matched track, no more than 2 tracks, less than two isolated blobs and little
recoil energy (with vertex energy excluded)

— Recoil distributions have slightly different structure (due to presence of proton rather than
neutron in final state)
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(Unfolding method for the nu-mode analysis uses iterative Bayesian unfolding)

— Full efficiency corrected cross sections are coming soon.
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Pion Production:

Interesting State of Affairs...
L.Alvarez-Ruso, Nulnt2012

B State of the art calculations describe better the data without FSI
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Pion Production: v“CC s

— The signal definition: At least one 1 leaving the nucleus (Data: 9.43 x 10 POT)

— Event selection: Reconstructed vertex inside fiducial volume, One p” MINOS matched
track, Hadronic visible energy less than 2.5 GeV, At least one hadronic (non-muon) track, The
hadronic track is pion-like (Our understanding of detector particle type response from test-
beam data)

Pion kinetic energy and angle
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Pion Production: GHCC 1710

— The signals definition: One 1 leaving the nucleus (Data: 1.12 x 10* POT)

Event Selection: Reconstructed vertex inside fiducial volume, One p* MINOS matched
track, Two EM showers (shower hits must be within 25 ns of the vertex time), Visible
energy in the target region less than 20 MeV
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s Statistical errors are expected to be very small.

s The total error on absolute cross section measurements
will be dominated by the systematic error on the determination
of the neutrino flux:

Present Total Uncertainties: Reconstructed Ev

Fractional Uncertainty

——— Total Error (Stat. & Sys.)
- Statistical

——— Flux_BeamFocus

—— Flux_NA49

—— Flux_Tertiary

o
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(Future addition of 4" Muon

(Allows easy . 1
v energy tuning: Muon Monitors Monitor to study tail of ME beam)
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Will Use Multi-prong approach:

— Use the Muon Monitor Data.
— Take Special runs:

- Vary the beam parameters (horn current, target position).

— Use vu - atomic electron interactions

— Using low v-method (MINOS, Phys. Rev. D 81, 072002 (2010) and D. Bhattarchya, PhD
Thesis, Univ. of Pittsburgh (2009))

— Using external hadron production data.

¢ Constraint the MC flux to get the right shape and uncertainty
Redundancy should improve our accuracy ...
- Hope to reduce absolute flux errors to below 10%

(Items in red - Inputs to our MC
flux simulations)
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Conclusions

s MINERVA will precisely study neutrino interactions in 1-20 GeV:
- s Using a fine-grained, high-resolution, detector
s Using the high flux NuMI beam.

s MINERVA is improving our knowledge of:
s Neutrino cross sections at low energy, low Q.

s A-Dependence in neutrino interactions (Targets He, C, Fe, Pb
and H, O)

s These data will help resolve longstanding discrepancies between
experiments and will be important for minimizing systematic |
errors in oscillation experiments.

s First publications early summer.
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Backup
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Motivation

Other v scattering physics:

e Axial form factor of the nucleon
- Accurately measured over a wide Q2 range.
e Resonance production in both NC & CC neutrino interactions
- Statistically significant measurements with 1-5 GeV neutrinos
- Study of “duality” with neutrinos
e Coherent pion production
- Statistically significant measurements of A-dependence
e Strange particle production
- Important backgrounds for proton decay
 Charm particle production at threshold
- Charm mass
e Parton distribution functions
- Measurement of high-x behavior of quarks
* Generalized parton distributions using weak probes
* Nuclear effects
- Expect significant differences for v-A vs e/p-A nuclear effects
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