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Reactor Antineutrino Anomaly (RAA)

• World average observed flux shows 6% deficiency with 
respect to theoretical predictions.


• The prediction models are based on Huber+Mueller and 
by 3-flavor neutrino oscillations at the distance of each 
experiment. 

RAA best-fit point at 𝑠𝑖𝑛22𝜃 = 0.165, ∆𝑚2= 2.39 

Where this global deficit is coming from? 
• Reactor model predictions are not good enough

• Sterile Neutrinos: 

- high frequency oscillations (~meter baselines).

- eV-scale mass splitting.
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Figure 57. Short baseline reactor antineutrino anomaly. The experimental results are compared to the pre-
diction without oscillation, taking into account the new antineutrino spectra, the corrections of the neutron
mean lifetime, and the o↵-equilibrium e↵ects. Published experimental errors and antineutrino spectra errors
are added in quadrature. The mean averaged ratio including possible correlations is 0.927±0.023. As an
illustration, the red line shows a 3 active neutrino mixing solution fitting the data, with sin2(2✓13) = 0.15.
The blue line displays a solution including a new neutrino mass state, such as |�m2

new,R| � 2 eV2 and
sin2(2✓new,R)=0.12, as well as sin2(2✓13) = 0.085.

sensitive of them, involving experts, would certainly improve the quantification of the anomaly.

The other possible explanation of the anomaly is based on a real physical e↵ect and is detailed in
the next section. In that analysis, shape information from the Bugey-3 and ILL published data [391,
448] is used. From the analysis of the shape of their energy spectra at di↵erent source-detector
distances [391, 449], the Goesgen and Bugey-3 measurements exclude oscillations with 0.06 <
�m2 < 1 eV2 for sin2(2✓) > 0.05. Bugey-3’s 40 m/15 m ratio data from [391] is used as it provides
the best limit. As already noted in Ref. [481], the data from ILL showed a spectral deformation
compatible with an oscillation pattern in their ratio of measured over predicted events. It should
be mentioned that the parameters best fitting the data reported by the authors of Ref. [481] were
�m2 = 2.2 eV2 and sin2(2✓) = 0.3. A reanalysis of the data of Ref. [481] was carried out in order
to include the ILL shape-only information in the analysis of the reactor antineutrino anomaly. The
contour in Fig. 14 of Ref. [448] was reproduced for the shape-only analysis (while for the rate-
only analysis discussed above, that of Ref. [481] was reproduced, excludeing the no-oscillation
hypothesis at 2�).

The fourth neutrino hypothesis (3+1 scenario)

Reactor Rate-Only Analysis

The reactor antineutrino anomaly could be explained through the existence of a fourth non-
standard neutrino, corresponding in the flavor basis to a sterile neutrino ⌫s (see [25] and references
therein) with a large �m2

new value.

For simplicity the analysis presented here is restricted to the 3+1 four-neutrino scheme in which
there is a group of three active neutrino masses separated from an isolated neutrino mass, such
that |�m2

new| � 10�2 eV2. The latter would be responsible for very short baseline reactor neutrino
oscillations. For energies above the IBD threshold and baselines below 100 m, the approximated
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3v Osc. Model 

(3+1)v Osc. 
Model

• Located the highly enriched High Flux Isotope Reactor 
(HFIR) at Oak Ridge National Laboratory


• ~3,000 L 6Li-loaded fiducial volume.

• 11 x 14 array of optically separated segments. 

• Double ended PMT readout, with light concentrators. 

• Good light collection and energy response ~4.5-5%√E 

energy resolution.

• Full X,Y,Z event reconstruction. 
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Baseline binning

• Oscillations modify energy spectrum as a function of 
baseline  

• Relative comparison of segment spectrum shape to full 
detector spectrum, no reliance on reactor models

Latest Oscillation Result disfavors 

Reactor Antineutrino Anomaly

 best fit point by 2.5 sigma. 

Check out these other PROSPECT posters:  
ID 158: Updated Event Selection for the PROSPECT Experiment.


ID 516: Measurement of the Uranium-235 Antineutrino Spectrum by PROSPECT.


ID 527: Detector characterization and calibration for PROSPECT.


ID 540: PROSPECT upgrade and science goals.


ID 556: Towards a Joint Measurement of the 235U Reactor Antineutrino Spectrum by


              the Daya Bay, PROSPECT, and STEREO Experiments.

154 individual detectors

Inverse Beta Decay

10 baseline selected based on even statistics (10% var.)

•96 calendar days of data taken 

•Average baseline 7.9 m

•85 MW HFIR core

•50K IBD interactions 

Measured prompt Erec spectrum ratios (10 baseline bins).

This material is based upon work supported by the U.S. Department of 
Energy Office of Science and the Heising-Simons Foundation. 
Additional support is provided by BNL, Illinois Institute of Technology, 
LLNL, NIST, ORNL, Temple University, and Yale University, University of 
Hawaii. 
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Frequentist-derived oscillation exclusion contour is consistent

 with the Gaussian CLs method. 

https://prospect.yale.edu/LatestResults

