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Sources of considered systematic uncertainties

Significant sources
Detector calibration

• Estimated from data/MC discrepancies
in dE/dx of different particles (µ and p
most importantly), up to 5%

• NOvA’s test beam might address and
help to reduce these uncertainties

Neutrino cross sections
• GENIE (v3.0.6, model configuration

N1810k0211a) with specific NOvA tune
to Near Detector data

• Uncertainties derived from estimates of
NOvA model parameters for individual
interaction types

Neutron uncertainty

• Motivated by an observed data/MC dis-
agreement in low energy n clusters

• 1% in ν̄µ reconstructed energy

Other sources
• Detector response: light yield and cherenkov/scintillation light yield ratio, detector aging (time stability)
• Beam flux: hadron production constrained from external NA49 and MIPP data, beam focusing (target position etc.)
• Lepton reconstruction: µ energy scale (track length) and lepton angle
• Near-Far uncorrelated: rock (uncontained) events scale, cosmic scale, exposure counting, detector mass, detectors

acceptance, Michel e identification, Near Detector data/MC selection efficiency differences
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Reducing detector correlated uncertainties

• Generating nominal and systematically shifted predictions through NOvA standard Near/Far extrapolation technique:

FD prediction =
ND data corrected MC

ND uncorrected MC
× FD MC

• Shifted predictions are generated by (depending on the implementation):
1. Weighting MC with respect to the event type, or
2. Adjusting the simulated variables, or
3. Creating a new simulated samples (detector calibration, cherenkov and light yield)
• This significantly reduces detector correlated uncertainties (especially for νe analysis samples)
• Beam flux and smaller neutrino cross section uncertainties are additionally treated with principal component analysis of an

ensemble of randomly generated shifted predictions in energy bins of Near and Near/Far basis
• This helps to account for bin-bin correlations and to identify the largest components in order to reduce systematic nuisance

parameters included in the fit (computation time)
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Systematic uncertainties in oscillation analysis
Far detector prediction uncertainties
ν-mode ν̄-mode

• Uncertainties are determined separately for all analysis samples νµ, ν̄µ, νe , ν̄e

• With current analysis techniques νµ’s (|∆m2
32|, sin2 2θ23) systematic and statistical uncertainties are comparable

νe samples are governed by statistic uncertainties

Uncertainties on neutrino oscillation parameters
NOvA joint fit best-fit point: Normal Ordering, ∆m2

32 = (2.41± 0.07)× 10−3 eV2, sin2 θ23 = 0.57+0.03
−0.04, δCP = 0.82π

• In current status, further reduction of systematic uncertainties is important for precise determination of sin2 θ23, whereas
precision on δCP is limited by statistics and potential degeneracies in parametric space (normal and inverted ordering and
sin2 θ23 > or < 0.5)
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