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Anomaly Introduction

What’s it about in 3 steps:

Where is the anomaly?

Antineutrino’s from β− decay of reactor fission fragments

What goes wrong?

Measured # ν̄e < predicted from β decay

How should we interpret this?

Prediction error (mean, σ) or sterile neutrino’s, something else

When new physics lurks, look out for quirks!
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State of the art









Extrapolation & Virtual branches

Huber (extrapolation) model has many issues:

• Estimated average b/Ac from spherical mirrors, but highly

transition and deformation dependent

• Incorrectly estimates (αZ )2 effects, RNA(〈Z 〉2) 6=

〈RNA(Z 2)〉!

• 239Pu cross section does not agree with experiment

• Only allowed transitions (dominant 0+ ↔ 0− transitions)

• Quenching of gA is absent

• . . .

Predictions are dubious
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Planned improvements

Central idea is more realistic uncertainty by assessing 3 main

sources of error

• Fission yields

• Proper (forbidden) spectral shapes

• Database extrapolation
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Planned improvements

Central idea is more realistic uncertainty by assessing 3 main

sources of error

• Fission yields

• Proper (forbidden) spectral shapes

• Database extrapolation

Collaboration with SCK-CEN for FY uncertainties, Jyvaskyla for

forbidden shape factors
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Forbidden shape factors

Out of thousands of β− decays, many dominant are forbidden

Nuclide Jπgs → Jπgs Contr. GS β2

(%)
96Y 0− → 0+ 6.3 0.308
92Rb 0− → 0+ 6.1 0.240
100Nb 1+ → 0+ 5.5 0.412
135Te (7/2−) → 7/2+ 3.7 -0.011
142Cs 0− → 0+ 3.5 0.141
140Cs 1− → 0+ 3.4 0.097
90Rb 0− → 0+ 3.4 -0.105
95Sr 1/2+ → 1/2− 3.0 0.308
88Rb 2− → 0+ 2.9 -0.073

Sonzogni et al., PRC 91 (2015) 011301(R)
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Clustering & Machine Learning

Nuclear β decays live in high-dimensional vector spaces

• Z , A

• Branching Ratio, E0, daughter excitation

• ∆J∆π (forbiddenness, unique)

• Initial and final deformation

• . . .
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Clustering & Machine Learning

Nuclear β decays live in high-dimensional vector spaces

• Z , A

• Branching Ratio, E0, daughter excitation

• ∆J∆π (forbiddenness, unique)

• Initial and final deformation

• . . .

Clusters in high dimensions are smeared in 2D projections
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Monte Carlo sampling

How to combine these results?

Instead of a single Z (E0) fit, use Monte Carlo to sample

• Clusters

• Fission yields

• Other known or estimated errors
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Monte Carlo sampling

How to combine these results?

Instead of a single Z (E0) fit, use Monte Carlo to sample

• Clusters

• Fission yields

• Other known or estimated errors

Build a distribution of anomaly → better uncertainty estimate
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Current anomaly analysis has shaky foundation
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Summary

Current anomaly analysis has shaky foundation

Triple-pronged approach to better assess (mean, σ)

Nuclear β decays live in high-dimensional clusters, use of Machine

Learning to investigate
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