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Search for the Light Sterile Neutrino

Reactor Antineutrino Anomaly Different Reactors and Technologies
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Mueller (238U)-Huber (23U, Pu) IBD rate calculation for reactor antineutrino experiments
showed a rate excess of ~6% in the model compared to short baseline measures

Difficulty in predicting neutrino rate limits the sensitivity of past rate-only measurements,
so we need to disentangle the oscillating signature from the absolute rate by getting close
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Adding a new neutrino (0.1-1 eV mass) consisting almost exclusively of an extra sterile
flavour can account for the observed deficit Usi U Us Und
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Oscillation hypth esi

Nobs / Nexp

Sterile neutrinos in fact do not interact weakly but can mix
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To deal with background, several strategies are employed:

- Use the IBD topology (Eprompt, Edelayed, At, AX) to remove the sea of single-events
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Short baseline & compact
core, no fuel evolution

Am?s5 ~10-* eV2 “atmospheric” Oce oscillation - Pack your detector in shielding layers (PE, B, Fe, H20) and put active vetoes

- Use pulse shape discrimination (PSD)
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The STEREO Experiment

6 cells filled with Gd-loaded liquid scintillator (9-11 m from core)

The NEOS Experiment

Homogeneous 1008 L Gd-loaded (0.48%) liquid scintillator
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The DANSS Experiment
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Water reservoirs
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Compact core & short baseline provide little damping of
oscillation; but the little overburden and the noise from reactor

3 WLS-fibers

Oscillation analysis on phase-| (46 days OFF + 180 days ON) with very high statistics
(~2000 v/day) and good S/B
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Absolute 235U rate and spectral shape was recently released _ ' \
using phase-ll data (119 days ON + 211 OFF) i
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Limits of Current Neutriﬁo Spectrum Models

Converted spectra method (used for 235U, Pu):

The PROSPECT Experiment

A 4-ton SLi-loaded segmented liquid scintillator consisting 11x14 optically separated
segments with double-ended PMT readout (for a good Eres, and 3D reconstruction)

Recent results with 50k IBDs (96 days ON + 73 days OFF); with relatively high statistics
(530 IBD/day) and S/B (>1) for a HEU experiment (RAA best fit excluded at 98.5% CL)

Also pure 235U spectrum measurement, which is consistent with model

Spectral Distortion & Reactor Flux Decomposition

An anomalous spectral distortion observed at E, ~ 6 MeV in B13-aimed neutrino
experiments (2014) raised questions on a possible underestimation of model uncertainties

P. Huber PRC84,024617(2011)

- Have large uncertainty for the weak magnetism term 5.1 Fungand B. A. Brown. Phys. Rev. C 91.025503 2015)

- The selection of average effective Z distributions used in the fit of the ILL spectra can

The effect could be due to unknown branches (isotope related); nevertheless, both LEU _ .
have a large impact on the uncertainties (up to 5%)

(NEOS, DANSS) and HEU (STEREO, PROSPECT) experiments confirm the excess,

although with different magnitude - The treatment of forbidden decays could change both normalisation and spectral shape,

thus the measurement of the shape factors for the most important forbidden decays is

. A . Hayes et al. Phys. Rev. Lett. 112, 202501 (2014)
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X.B. Wang,J. L. Friar and A. C. Hayes Phys. Rev. C 95 (2017) 064313 and Phys. Rev. C 94 (2016) 034314 L. Hayen et al. Phys. Rev. C 031301(R)(2019)

The data taking is currently stopped, but an improved analysis using dead cells (+50%)
and a combined analysis with STEREO and Data Bay are in progress

Furthermore, Data Bay and RENO analysis on the separate 235U and 23°Pu contribution to
neutrino flux shows that the rate deficit comes mainly from 235U disfavouring the sterile
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