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ANOMALIES

ANOMALIES EVERYWHERE



WHAT ANOMALIES

• Reactor Antineutrino Anomaly (RAA)

• LSND/MiniBooNE Anomaly

• Gallium Anomaly
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Do they really?
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• Reactor Antineutrino Anomaly (RAA)

• LSND/MiniBooNE Anomaly

• Gallium Anomaly

- Capture cross-section?

- Ge half-life?

- Source calibration?

- Highly disfavored by 
disappearance results 
and MicroBooNE data

- Background?

- Other BSM Physics?
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- Rate prediction?

- β spectrum 
normalization?
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SBN @ Fermilab

Reactor short baseline experiments

Solar neutrino oscillation

Direct ν mass w/ β spectroscopy
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- Rate prediction?

- β spectrum 
normalization?
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HOW TO FIND THE SMOKING GUN

• Disentangle oscillation signature from absolute rate to overcome limitation of predictions 

• Oscillation parameters (∆m2, θ) tested against data

- Oscillation hypothesis ⇒ contour plot (CL) + best fit

- Null hypothesis ⇒ exclusion plot
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ANTINEUTRINO DETECTION AND CHALLENGES

• Signal: Inverse Beta Decay in scintillating target

• Signature: two-fold coincidence (Ee+, En , ∆t, ∆x̅) 

• To mitigate background

o Shielding & vetoes

o Pulse Shape Discrimination (PSD)

o Statistical subtraction of reactor-off spectrum

• Background

o Cosmic-induced

o Reactor-induced

o asd
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IBD two-fold 

coincidence

ν̅e

liquid scintillator

Accidental coincidence

Physical 

coincidence

μ

_    _______ _ 

photosensors (not 

to scale)

______

Eν ≃ Evisible + 0.8 MeV

n + H → D + γ (2.2 MeV)

n + Gd → Gd* + γ’s (8 MeV)

n + 6Li → α + 3H (4.78MeV)



ANTINEUTRINO DETECTION AND CHALLENGES
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Segmentation, 
detection 
efficiency

Large volumes

plastic

liquid

Reactor

Short L, compact core; 
no fuel evol. (235U)

𝓞102 MWth, limited 
space, bkg from facility

𝓞GWth, some overburden

Lower sensitivity at low Eν, 
burnup (U+Pu)

research reactor (HEU) power reactor (LEU)

Neutron-capturing isotope

γ
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Gd

γ

γ
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6Li Tr

α

Localised Edep: quenched 

but can select via PSD

Compare ν̄ 
spectrum with 

predictions

no-segmentation

Compare ν̄ spectra in 
different segments 

(model free)

coarse segmentation

Compare ν̄ spectra in 
sections + background 
rejection w/ topology

fine segmentation

Well-established, 
high Edep & σcapture

Detector segmentation Scintillator
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A WORLDWIDE HUNT
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NEOS
2.8 GWth

h = 3.7 m
⦰ = 3.1 m

• 1008 L Gd-loaded (0.48%) liquid scintillator tank                       
(spectrum compared with Data Bay / RENO)

• High statistics (≈2k IBD/day) thanks to 2.8 GW commercial reactor

• Degradation of LY (≈40%), λatt,                                                                   
and σn in time

. Y. Ko, B. Kim, J. Kim, B. Han, C. Jang, E.J. Jeon et al., Sterile neutrino search at the neos experiment, Physical review letters 118 (2017) 121802. 

19 8’’ PMTs

μ-veto

Yeonggwang Nuclear Power Plant, Korea

Yeonggwang

• Phase I (46 days OFF + 180 ON)

• Phase II (112 days OFF + 388 ON)

NEOS talk @ 

NuFact2023
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https://indico.cern.ch/event/1216905/contributions/5452813/
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Stereo

6 Target Cells (Gd-doped LS)

γ-catcher Outer Crown (Gd-free)

Acrylic Buffers   
(oil & 48 PMTs)

Cherenkov Muon Veto 
(H2O & 20 PMTs)

⦰ = 37 cm

93% 235U

58.3 Mwth

Neutrino target: 2.2x1.5x1m3

Pb + PE + B4C 
walls

Physical Review D 102.5 (2020): 052002.

ILL Research Reactor Facility, Grenoble

. N. Allemandou, H. Almazán, P. del Amo Sanchez, L. Bernard, C. Bernard, A. Blanchet et al., The stereo experiment, Journal of Instrumentation 13 (2018) P07009. 

Full dataset: phase II+III (107k IBDs)

• Segmented design                      
→ cell-to-cell relative ν̄ spectra 

• Compact HEU core & short 
baseline

• Little overburden & noise from 
reactor facility (S/B≈1)

arXiv:2210.07664 (2022).
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DANSS

Water reservoirs          
(≈50 mwe overburden)

3.1 GWth Reactor Core 
(h 3.6 m, ⦰ 3.1 m)

arXiv:2112.13413

2500 Gd-coated 

plastic scintillator 

strips (50 modules) 

with individual & 

combined readout

• Highly-segmented ν spectrometer → quasi-3D reconstruction

• Excellent statistics (≈5 IBD/day, 6M IBDs in 5 years, S/B > 50)

DANSS

Kalinin Nuclear Power Plant, Russia

. I. Alekseev, V. Belov, V. Brudanin, M. Danilov, V. Egorov, D. Filosofov et al., Danss: Detector of the reactor antineutrino based on solid scintillator, Journal of Instrumentation 11 (2016) P11011. 

• Phase-I (7.7 M IBD in 7 years)

• Upgrade ongoing → halve Eres, increase Vdet

https://agenda.infn.it/event/30418/contributions/175424/

Phys.Lett. B787(2018)56

DANSS talk @ 

NuFact2023
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WHERE DO WE STAND

• DANSS, NEOS, STEREO, PROSPECT excluded large portions of the RAA mid-low ∆m2 region & best fit

• High ∆m2s (in tension with cosmology) probed by KATRIN and solar neutrino data

• Individual spectra can still fit an oscillation: e.g. DANSS/RENO ratio, or the (criticized) Neutrino-4 
result (2.8 σ, ∆m2 ≈ 7.3 eV2)

• …and meanwhile the rate discrepancy disappeared (but depends on who you ask)
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C. Giunti et al. Phys. Lett. B 816, 136214 (2021)

Physics Letters B 829 137054 (2022)
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FISSION RATES AND THE RAA
• Daya Bay, RENO, NEOS deconvolute 235U and 239Pu νe̅ yields → Rate deficit (~8%) mainly from 235U?

• STEREO’s best estimation of pure 235U ν̅e rate → overall 5.0 ± 1.3% deficit for HEU

• Recent re-evaluation of global β spectra → ≈5% excess in 235U to 2359Pu ratio (compatible w/ RAA)
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Ratios between cumulative β spectra from 235U and 239Pu 

Phys. Rev. D 104, L071301

NEOS talk @ NuFact2023

Phys. Rev. Lett. 118, 251801 (2017)

Phys. Rev. Lett. 122, 232501 (2019)

https://www.stereo-experiment.org/news.php

https://arxiv.org/abs/2107.03371
https://link.aps.org/doi/10.1103/PhysRevD.104.L071301
https://indico.cern.ch/event/1216905/contributions/5452813/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.251801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.232501
https://www.stereo-experiment.org/news.php


A SPECTRAL ANOMALY IN THE MIX

• Spectral distortion Eν ≈ 6 MeV observed in θ13-aimed reactor neutrino experiments in 2014

• STEREO+PROSPECT (235U-only) and NEOS (U+Pu ) confirmed 235U alone can account for the distortion

• Modelled bias can reproduce the effect by benchmarking to most recent reactor neutrino data
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2.4 σ

NEOS talk @ 

NuFact2023

Phys. Rev. Lett. 128, 081802 (2022)

arXiv:2205.14954 (2022)
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https://link.aps.org/doi/10.1103/PhysRevLett.128.081802
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WHAT ABOUT GALLIUM AND LSND/MINIBOONE 
• Gallium anomaly

o Strong tension w/ bounds from reactor, 
solar/KATRIN data

o Usual suspects:

▪ Cross-section → several calculations

▪ Ge τ1/2 → new meas. in agreement w/ older data

▪ Calibration of the source, Ge extraction efficiency

o Other (fine-tuned) BSM explanations possible

• LSND/MiniBooNE anomaly

o Tension w/ disappearance results

o Usual suspects:

▪ Unknown background sources → severe constraints 
from MicroBooNE on photon interpretation

▪ Other systematic uncertainties

o Several other BDM explanations possible

o Will be probed w/ the Fermilab Short Baseline 
Program (now!)
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CONCLUSIONS

• Is the RAA dead? 

• Probably, but we learned many things from it and explored a new physics frontier

• How about Gallium and LSND/MiniBooNE?

• Strong tension w/ other experimental data, but doesn’t mean there is no new physics to be explored

• Overall, an intense experimental program and effort from theory has been spanning several fronts 
opened by the search for sterile neutrinos!
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Thank You!



EXTRAS



TRY TO PUT ALL TOGETHER?
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arXiv:2111.12530

https://arxiv.org/abs/2111.12530


ANTINEUTRINO SPECTRUM ESTIMATION

• In LEU facilities four isotopes contribute to neutrino spectrum (235U, 239Pu, 238U, 241Pu), their fraction 
αk evolves with time (burnup)

• Ab-initio (summation) methods

o Single ν̄ spectra Sk(E) unavailable, obtained from global β spectrum (𝓞103 branches)

o Start with known branches from nuclear data table, and complement with effective decay branches
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