PISCES two-detector covariance matrix fit for the NOVA Experiment
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The PISCES Method

G The NOvA Experiment

» NOVA is a long-baseline neutrino ‘; » Extracting oscillation parameters

experiment based at Fermilab 2 _Far Detector AN * Currently, NOVA uses an extrapolation technique :
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» Current method : treats systematic uncertainties as nuisance parameters = suffers from poor scalability.

» NOVA uses functionally identical * Sterile neutrino searches : a simultaneous ND and FD fit is required to be able to probe sterile oscillations in both

Near (ND) and Far (FD) Detectors: N det.ectors. | | | | -
 ND placed 1 km from neutrino ./ » Exploring a new technique : PISCES (Parameter Inference with Systematic Covariance and Exact Statistics)

source (300 tons). » Physics Goals : I | * Encodes systematic uncertainties in a covariance matrix = supports as many systematic uncertainties as necessary.
e FD placed 810 km from the * Precise measurements of 6,5 and * Enables a joint Near and Far Detector Fit that fully takes advantage of high statistics samples in the ND.
source at Ash River (14 ktons Am%z. » Parameter Inference with Systematic Covariance and Exact Statistics
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@ NOvVA Sterile Neutrino Analysis

a The PISCES ND+FD Fit
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e PISCES ND+FD Robustness Test

PISCES ND+FD fit vs Extrapolation (Fake Data Analysis)

» PISCES ND+FD fit : can take advantage of the high statistic samples from the
Near Detector directly to constrain systematic uncertainties.

Generating fake data for different scenarios to test fit robustness
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» Fake Data Comparison 04 05 06 3%

* Generated fake data at the NOvVA 2020 Best Fit point to test current
method used in NOVA (Extrapolation) and the PISCES joint ND+FD Fit.

* Comparison shows advantages of ND+FD fit as the direct use of the ND

information helps to constrain systematics.
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» The PISCES technique enables complex fits such as a joint ND+FD fit.
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» The results from the NOVA sterile oscillations using the NOVA neutrino - "
samples shows promising sensitivity and can be further improved by adding in 04
extra samples such as the antineutrino or the v, samples. The PISCES
framework’s flexibility allows for such addition. o T i e
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» The PISCES joint ND+FD fit can also be used for the 3-Flavor analysis.
Preliminary fake data comparison shows advantages to the use of the joint
Near and Far detector fit.
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» Ongoing robustness studies show that the fitter works well even in case of = S A b B Lo
simulation mis-modelling. Sinfe,, 2
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