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• NuMI Off-axis  Appearance Experiment (NOvA)
• A long-baseline neutrino oscillation experiment

• Fermilab’s NuMI beam line provides an intense  beam  
• Two functionally identical liquid scintillaton detectors

• Situated 809 km apart
• 14.6 milli-radians Off-axis

• Primary Goal is to constrain parameters of 3-flavor neutrino
oscillations

• Oscillation Channels:

•  Disappearance and  Appearance

νe

νμ (ν̄μ)

νμ (ν̄μ) νe (ν̄e)

Ash River

νμ νe ντND

FNAL

FD

Near-to-Far Extrapolation

0 1 2 3 4 5
0

2

4

6

8

0

20

40

60

80

0 1 2 3 4 5

1

2

3

4

0 1 2 3 4 5

1

2

3

4

0 1 12 00 2 0 1

 N
D

 E
ve

nt
s/

1 
G

eV
5

10
Tr

ue
 E

ne
rg

y 
(G

eV
)

Tr
ue

 E
ne

rg
y 

(G
eV

)

ND Reco Energy (GeV) FD Reco Energy (GeV)

FD
 E

ve
nt

s/
1 

G
eV

 ND Events510 FD Events F/N Ratio-3 10 )µν→µνP(

ND data
Base Simulation
Data-Driven Prediction

• Functionally identical detectors (partially) cancel out systematic
uncertainties on the best fit neutrino oscillation parameters

• The near detector (ND) data-MC differences are extrapolated in true
energy bins to provide data-driven predictions of un-oscillated 
and oscillated  events at the far detector (FD) 
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Conclusions
• NOvA uses ND data to correct the predicted number of un-oscillated

 and oscillated  events at the FD. 
• This leads to small systematic uncertainties for the best-fit oscillation

parameters

νμ (ν̄μ) νe (ν̄e)

• The extrapolation is divided into 4 hadronic energy fraction 
quartiles to improve the sensitivity of the experiment 

• Extrapolation is further divided into 3 bins of final state lepton
transverse momentum ( ) which takes into account the neutrino
interaction mis-modeling and the differences in ND and FD selection
efficiency and acceptance
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https://novaexperiment.fnal.gov
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Far Detector Observations
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Observed Events 384 106 169 32 12
Background 11.3 1.7 54.9 12.2 6.8

ν̄eνeν̄μ lowE  νeνμ

•

20− 10− 0 10 20
Total Prediction Uncertainty (%)

Systematic Uncertainty

Near-Far Uncor.

Neutrino Cross Sections

Detector Calibration

Beam Flux

Detector Response

Neutron Uncertainty

Lepton Reconstruction Not Extrapolated
Extrapolated

-beamν

 Selection All Q
uartiles

µ
νNOvA Preliminary

20− 10− 0 10 20
Total Prediction Uncertainty (%)

Systematic Uncertainty

Near-Far Uncor.

Neutrino Cross Sections

Detector Calibration

Beam Flux

Detector Response

Neutron Uncertainty

Lepton Reconstruction Not Extrapolated
Extrapolated

-beamν

 Selection
e
νNOvA Preliminary

This document was prepared by NOvA using the resources of the Fermi National Accelerator Laboratory (Fermilab), a U.S. Department of Energy, Office of Science, Office of High Energy Physics HEP User Facility. Fermilab is managed by Fermi Research 
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