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The NOVA experiment

* NuMI Off-Axis Ve Appearance, the
leading neutrino oscillation experiment

N the NuMI beam
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The NOVA experiment

* NuMI Off-Axis Ve Appearance, the

leading neutrino oscillation experiment
in the NuMI| beam

* fTwo highly active scintillator detectors:
- Far Detector: |4 kT, on surface

- Near Detector: 300 T, |05 m
underground

* |4 mrad off-axis narrowly peaked muon
neutrino flux at 2 GeV, L/E ~ 405 km/
GeV

* v, disappearance channel: 023, Am?3;

* Ve appearance channel: mass hierarchy,
Ocp, 013, 823 and octant degeneracy
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ND, sterile neutrinos, supernovae...




The NOVA experiment
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Signal selection: v, CC

Events

* First: basic containment cuts: require a
pbuffer of no activity around the event

* Muon ID: 4-variable k-nearest
neighbours algorithm to identify muons
- Track length

- dE/dx along track

- Scattering along track

- Track-only plane fraction

Events

* Keep events with muon-ID > 0.75
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N Muon neutriro A ... A
disappearance

Energy estimation

* Muon track: length = E, (Res: ~4%)
* Highly active detector: calorimetric
measurement of Enad

* Hadronic system:
2 Total visible E = Enad (Res:

~20%)

* Reconstructed neutrino energy Is the
sum of them: Ey = Ey + Enad

* Neutrino energy resolution: /7%

* Narrow energy and identical detectors
reduces impact of cross sections & FS
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Muon neutrino
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Maximal mixing disfavoured at
2.60

lB B. Zamorano - Latest oscillation results from the NOVA experiment 8



Muon neutrino

disappearance

Comparison with other experiments
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Phys. Rev. Lett. 118, 151802 (2017)
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Electron neutrino

appearance

-vent selection

A.AUNISaANo €L 4l
PO9001 (2016)

* bvent selection based on ideas from
computer vision and deep learning

* Calibrated hit maps are inputs to
Convolutional Visual Network (CVN) am— - CC 5

* Series of iImage processing sl | »
transformations applied to extract T f
abstract features 4

* Extracted features used as inputs to a
conventional neural network to classity
the event

* Improvement in sensitivity "I V- WEEE
from CVN equivalent to 30% L .

more exposure e | SEERaSmEREE-:

-

PPPPP
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Electron neutrino

appearance

* Selection optimised for parameter measurement (increased signal efficiency by
including lower purity bins)

* Constrained beam backgrounds with dedicated decompositions: beam Ve from
V,CC and these from the distribution of Michel electrons

* Analysis uses four bins of energy and three bins of CVIN
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Electron neutrino

appearance

Far detector selected events

* Observed 33 events in the FD
(background 8.2 + 0.8)
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* Full joint-analysis including
disappearance constraints

* Best fit to NH, Ocp = |.49TT and
sin(023) = 0.40

* But best fit IH-NH has AX? = 0.47

* Both octants and hierarchies allowed at
| O

* 30 exclusion of IH, lower octant around
Ocp = TI/2

* Antineutrino data will resolve
degeneracies

Phys. Rev. Lett. 118, 231801 (2017)
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NC disappearance

NC disappearance
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NC disappearance

NC disappearance
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Conclusions

& Indubitable observation of neutrino disappearance (/8 obs, 473 exp.)

& Best fit for 023 is non-maximal. Maximal mixing disfavoured at 2.60

& Small preference for normal hierarchy. Region in inverted hierarchy, lower octant and
around Ocp = TI/2 excluded at 30

& Neutral current event rate shows no evidence of sterile neutrinos

& Currently taking antineutrino data
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ND measurements

———NOVA Simulation
* Uniquely sensitive to QE, RES and DIS 20 e
(almost equally across the three) 5 | Tos ]
* Absolute cross section or yield gi f
measurements will be limited to ~10% S0
due to flux uncertainties &
* Ability to measure a huge number of
FSI channels % e
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