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NOvA addresses many compelling questions:
● What is the neutrino mass hierarchy?
● Is there CP symmetry violation in neutrinos?
● Is the 3-flavor model complete? 
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New 2024 Oscillation Result

NSI: arXiv:2403.07266 (2024)
NOvA-T2K joint fit: following talk (T. Nosek)
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2020 data set:
Frequentist: Phys. Rev D 106, 032004 (2022)
Sterile (𝝼-mode only): FNAL JETP (2022)
Bayesian: Phys. Rev. D 110, 012005 (2024)

https://arxiv.org/abs/2403.07266
https://indico.cern.ch/event/1291157/contributions/5888130/
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.032004
https://indico.fnal.gov/event/56765/?view=standard
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012005
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New 2024 Oscillation Result

NSI: arXiv:2403.07266 (2024)
NOvA-T2K joint fit: following talk (T. Nosek)
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New 2024 
data set:

Double the 
neutrino 

mode data 
since 2020!

Celebrating 10 years of NOvA data taking

Celebrating new 1.018MW NuMI beam power record. 
See poster from K. Yonehara: Achievement in Beam 

Power Records for the NOvA Target System 

MW

2020 data set:
Frequentist: Phys. Rev D 106, 032004 (2022)
Sterile (𝝼-mode only): FNAL JETP (2022)
Bayesian: Phys. Rev. D 110, 012005 (2024)

https://arxiv.org/abs/2403.07266
https://indico.cern.ch/event/1291157/contributions/5888130/
https://indico.cern.ch/event/1291157/contributions/5904056/
https://indico.cern.ch/event/1291157/contributions/5904056/
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.032004
https://indico.fnal.gov/event/56765/?view=standard
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012005


Kathryn Sutton ICHEP 2024 - Prague                                    7/18/24 |

Improvements to Oscillation Analysis
Detector 

Characterization
Low Energy 𝝼e 

Sample
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Mode Data

New Selection to Enhance 
Sensitivity

More 
statistics
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Low Energy 𝝼e Sample

13

Low expected event rate but maximum 
ordering sensitivity from νe– νe asymmetry 

at lower Eν

Previously excluded 
reconstructed Eν < 1 GeV
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Low expected event rate but maximum 
ordering sensitivity from νe– νe asymmetry 

at lower Eν

Low Energy 𝝼e Sample
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Designed new selection to retain more νe candidates 
in the 0.5 GeV≤ reconstructed Eν≤ 1.5 GeV range using 

BDT to reject backgrounds

Previously excluded 
reconstructed Eν < 1 GeV

Neutrino-mode data event selected in the far detector by 
the low energy νe 2024 analysis.

The reconstructed energy is 1.4 GeV.

X-Z View

Y-Z View

reconstructed e-  shower



Results with 2024 
Data Set
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Selected FD 𝝼𝝻 candidate data event. 
The reconstructed energy is 2.4 GeV

X-Z View

Y-Z View

X-Z View

Y-Z View

reconstructed e- shower

reconstructed 𝝻- track

reconstructed
p track

Selected FD 𝝼e candidate data event. 
The reconstructed energy is 1.4 GeV
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Far Detector Muon (Anti)Neutrinos

We observe 384 𝝼𝝻and 106 𝝼𝝻 candidates in the FD. The central value and uncertainties are 
constrained by selections in the high-statistics, functionally identical ND via extrapolation.

16

More 
statistics

Simulation 
improvements

𝝼𝝻 disappearance

Clear oscillation signature as 
compared to no-oscillation prediction
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Far Detector Electron (Anti)Neutrinos

We observe 181 𝝼eand 32 𝝼e candidates in the FD. The central value and uncertainties are similarly 
constrained by near-far detector extrapolation.
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Simulation 
improvements

fully contained, split by PID

Partially 
contained

More 
statistics

𝝼e appearance
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Fit to Oscillation Parameters
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𝝼e appearance 𝝼e appearance

Fit to 𝝙m2
32, sin2𝛉23, sin22𝛉13, 𝝳CP
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Fit to Oscillation Parameters
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𝝼𝝻 disappearance 𝝼𝝻 disappearance

𝝼e appearance 𝝼e appearance

Fit to 𝝙m2
32, sin2𝛉23, sin22𝛉13, 𝝳CP

Phys. Rev. Lett. 130, 161802 (2023)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.161802
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Comparison 2020 and 2024 Results

23

*Note: results use different choices of 1D reactor 
constraint

NOvA 2020: 2019 PDG avg θ13
 NOvA 2024: Daya Bay 2023 1D θ13

See strong consistency between 2020 and 2024 results, with the improved 
constraint in ~same regions

preference for 
normal mass 

ordering

*1D reactor constraint *1D reactor constraint

https://pdg.lbl.gov/2019/listings/rpp2019-list-neutrino-mixing.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.161802
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2024 Results: 𝝳CP

Statements on 𝝳CP dependent on 
mass ordering determination

CP-conserving points favored in 
normal ordering

CP-conservation outside 3σ interval 
in inverted ordering, preference 
around maximal violation at 3𝜋/2 

24
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2024 Results: 𝝙m2
32

Small preference for normal mass ordering

25

Phys. Rev. Lett. 130, 161802 (2023)
Phys.Rev.D 72 013009 (2005) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.161802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.013009
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2024 Results: 𝝙m2
32 Preference for normal mass ordering is enhanced 

by choice of reactor constraint

26

Phys. Rev. Lett. 130, 161802 (2023)
Phys.Rev.D 72 013009 (2005) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.161802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.013009
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2024 Results: 𝝙m2
32

NOvA-only |𝝙m2
32| result has world-leading precision of ~1.5%, best single-experiment 

measurement.

27
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2024 Results: sin2𝛉23

28

IceCube 2024: arXiv:2405.02163 T2K 2022: 
10.5281/zenodo.6683821
MINOS+ 2020: Phys. Rev. Lett. 125, 131802
SK 2023: Phys. Rev. D109, 072014 
NOvA+T2K 2024: KEK IPNS seminar, FNAL JETP seminar
T2K+SK 2024: arXiv:2405.12488

In the ν2 – ν3 sector, NOvA 
measurements are consistent 
with accelerator, atmospheric, 
and joint results

https://arxiv.org/abs/2405.02163
https://zenodo.org/records/6683821
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.131802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.072014
https://kds.kek.jp/kdsaccess/auth.php?url=%22/event/49811/%22
https://indico.fnal.gov/event/62062/
https://arxiv.org/abs/2405.12488
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Summary

● The new 2024 analysis is a major update to NOvA’s oscillation result
○ Doubled neutrino-mode dataset with 10 years of neutrino & antineutrino data
○ Improvements to the detector characterization, cross section uncertainties, and a new 

low-energy 𝝼e sample
● Most precise single-experiment measurement of Δm2

32 (1.5%)
● Statements on CP violation strongly coupled to mass-hierarchy determination
● Strong synergy with reactor measurements
● The best is yet to come!

○ Goal to double the anti-neutrino mode data in the final data set
○ Test beam results could address some of the largest systematic uncertainties in NOvA
○ Broader program including sterile searches, NSI, cross section measurements, cosmic ray 

physics, exotics… and more!

29

More NOvA Talks at ICHEP:
● Triple Differential Muon Antineutrino Charge Current 

Inclusive Cross Section Measurement in NOvA ( P. Singh)
● Deep Learning Event Reconstruction at NOvA (W. Wu)

https://indico.cern.ch/event/1291157/contributions/5888145/
https://indico.cern.ch/event/1291157/contributions/5888145/
https://indico.cern.ch/event/1291157/contributions/5888145/author/8584951
https://indico.cern.ch/event/1291157/contributions/5903973/


Thanks!

30



Kathryn Sutton ICHEP 2024 - Prague                                    7/18/24 | 31

J. Wolcott



Kathryn Sutton ICHEP 2024 - Prague                                    7/18/24 | 32

J. Wolcott



Kathryn Sutton ICHEP 2024 - Prague                                    7/18/24 |

FD Selections

33
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Uncertainties on Oscillation Parameters
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Systematic Uncertainties
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Mild preference for upper 
octant (69% probability) that 
emerges from applying the reactor 
constraint

Maximal mixing is allowed at <1σ

36

2024 Results: 𝛉23
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2D Daya Bay
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Low E Sample
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Detector Characterization

Better modeling of Cherenkov and Scintillation light in 
both ND and FD.

Dedicated bench measurements & in situ stopping muon 
and proton tracks

39

Difference between MENATE_R* and default Geant4.10.4 
informs systematic uncertainty.

Improved Light Production Model Improved n-C Scattering Model

* P. Désesquelles, et al., NIM A307 366-373 (1991),
Z. Kohley, et al., NIM A682 59-65 (2012)

https://www.sciencedirect.com/science/article/abs/pii/0168900291902066?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168900212004329?via%3Dihub
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Cross Section Modeling

New cross section uncertainties on resonance and deep inelastic scattering interactions. Increases uncertainty 
on pion production around peak hadronic visible energy; modest impact on overall CC Inclusive selections.

40

Additional Systematic Uncertainties for Pion Production
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Comparisons to NOvA+T2K
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