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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 constraint parameters of 3-flavor neutrino
oscillations

• Oscillation Channels:
•  Disappearance

• We present latest results of a frequentist fit to 10 years of NOvA
oscillation data
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• NOvA’s functionally identical detectors help in reducing 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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Frequentist Fit to Oscillation Data

Results

Far Detector Observations

• 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 ( ) 

νμ (ν̄μ)

pt

https://novaexperiment.fnal.gov

0 1 2 3 4 50

2

4

6

8

10
-beamν

0

10

20

30

40 FD Data

Bkg.
Best-fit Pred.
Ana2024

range
 syst.σ1-

-beamν NOvA Preliminary

 energy (GeV)µν / µνReco. 

Ev
en

ts
 / 

0.
1 

G
eV

0

20

40

60

80

NOvA Preliminary

20

40

60

80

0.5 1 1.5

Lo
w

-E
ne

rg
y

NOvA Preliminary
Low PID High PID

C
or

e
Pe

rip
he

ra
l

1 2 3 4 1 2 3 4

-beamν

FD Data

WS bkg.

bkg.
Beam

bkg.
Cosmic

Best-fit Pred.

range
 syst.σ1-

 energy (GeV)eνReconstructed 

Ev
en

ts

0

5

10

15

NOvA Preliminary
Low PID High PID

C
or

e

Pe
rip

he
ra

l

1 2 3 4 1 2 3 4

-beamν

FD Data

WS bkg.

bkg.
Beam

bkg.
Cosmic

Best-fit Pred.

range
 syst.σ1-

 energy (GeV)eνReconstructed 

Ev
en

ts

NOvA Data

Observed Events 384 106 169 32 12
Background 11.3 1.7 54.9 12.2 6.8
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• We perform a joint  fit to 
FD data to minimize the log-likelihood function  

• Systematic uncertainties are incorporated as nuisance parameters

• The profiled Feldman-Cousins method is used in calculating the
confidence intervals [1]

νμ → νμ, ν̄μ → ν̄μ, νμ → νe, and ν̄μ → ν̄e
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[1] Acero, M. A. et al. The profiled feldman-cousins technique for confidence interval construction in the presence of nuisance parameters (2022). 2207.14353.
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Fermi Research Alliance, LLC (FRA), acting under Contract No. DE-AC02-07CH11359.

Parameters
Best Fit 0.8750.546+0.032

−0.075 2.433+0.035
−0.035

δCP (π)Δm2
32(10−3 eV2)sin2(θ23)

•  Appearanceνe (ν̄e)

νi = predicted number of events ni = observed number of events
⃗θ = oscillation parameters si = systematic shifts

σi = penalty term
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Frequentist Surfaces
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