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Three Neutrino Paradigm

 Absolute Neutrino Masses

 Two CPV Majorana Phases 
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Beyond 3-ν oscillations: sterile neutrinos

Explanation of short baseline oscillations: 

eV-scale sterile neutrinos (which have mixing with active mass eigenstates)
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Status of short baseline oscillations in nu-
e(bar) disappearance channels
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Gallium anomaly
SAGE, PRC (2006); PRC (2009); Laveder et al. (2007), etc.

Gallium Radioactive Source Experiments: GALLEX and SAGE

Test of Solar Neutrino Detection

 ~2.9σ deficit

Neutrino energies: ~0.8 MeV

 Anomaly supported by the new 
cross section measurement

Frekers et al., PLB 706 (2011) 134

 Contributions from excited 
states verified Giunti et. al. 1210.5715
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Reactor Antineutrino Anomaly

 Discrepancy between theory and measurements

 ~2.8σ deficit (depending on the theoretical flux uncertainty)

 Nominal theoretical uncertainty from the Mueller+Huber model ~ 2.5%
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A closer look at reactor rates data

arXiv:1708.01133 
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RAA: oscillation-based explanation
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Burn-up Feature @ Reactors

arXiv:1704.01082

arXiv:1806.00574

Both experiments disfavor the equal suppression at around 3-sigma!
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A Global Analysis of Reactor Flux Data

arXiv:1901.01807

DYB+RENO joint data: 
2.9σ preference of U235 over oscillation-only

Global Flux Data (evolution+rates):

a) A common inaccuracy of all beta 
conversion predictions: disfavored at 2.9σ

b) Oscillation-including hypothesis is 
favored over the oscillation-including one: 
at 1-2σ
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New Spectral Feature @ Reactors

(1) The "5 MeV bump" cannot be explained by neutrino oscillations 
(averaged in RENO, Double CHOOZ and Daya Bay)

(2) Theoretical miscalculation of both the rate and spectrum?

(3) Detector energy nonlinearity? [Mention et al, PLB 773 (2017) 307]
(DYB/DC achieved better than 1% precision  see the talk by Jiajie Ling)

(4) One may need to increase the uncertainty: e.g. about 4%-5%.
[Hayes and Vogel, 2016]
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Spectral ratio result@NEOS
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Spectral ratio result@DANSS
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Model independent SBL oscillations

Gariazzo et. al., PLB 782 (2018) 13
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Implications for Reactor and Gallium anomalies
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Implications for Reactor and Gallium anomalies
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Model independent fit and the future tests
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Latest results from spectral ratios

Neutrino-4 [PPNS 2018] STEREO [MORIOND 2019]

PROSPECT [1806.02784]

See the talk by Seon-Hee Seo
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Status of short baseline oscillations in 
nu-mu(bar)nu-e(bar) and nu-mu(bar) 
disappearance channels
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LSND 

 Muon decay-at-rest beam: 
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MiniBooNE

Purpose: check LSND signal with different L&E, but the same L/E 
(>475 MeV)
~4.5σ (2.8σ) excess: unidentified backgrounds in low energy ranges?
 MicroBooNE.

A pragmatic approach: (E>475 MeV) [arXiv: 1308.5288]
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MiniBooNE low energy bins

Fit of MB Low-Energy Excess requires 
small mass splitting and large mixing angle, which are in contradiction 
with ICARUS/OPERA and the disappearance data.
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Appearance data



24

MINOS+
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All the results in (anti)νμ disappearance
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Global fit of nu-e(bar) disappearance, nu-
mu(bar)nu-e(bar) and nu-mu(bar) 
disappearance data

Based on the latest update of 

Gariazzo, Giunti, Laveder, YFL, arXiv:1703.00860
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SBL oscillations in the 3+1 scheme
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Appearance-Disappearance Tension

 Without (left) and with (right) MINOS+ data (both without the 
MB low energy bins)



29

Appearance-Disappearance Tension

 Without (left) and with (right) MINOS+ data (both without the 
MB low energy bins)

 From Mild to Strong tension  New physics beyond 3+1 (3+N) vacuum 
mixing ?？

See also Dentler et. al., arXiv:1803.10661
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Future test of the appearance channel 
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Conclusion

a) Interesting model-independent indications of short 
baseline oscillations from reactors (DANSS & NEOS)

b) Reactor and Gallium Anomalies  Need revision of the 
U235 calculation and small decrease of the GALLEX and SAGE 
efficiencies.  consistent with the fuel evolution data

c) Many on-going experiments will check the indication in 
the next several years:

DANSS, NEOS, STEREO, Neutrino-4, PROSPECT, SoLid, CHANDLER, … 

d) The MINOS+ result disfavors the LSND signal in the 
3+1 (3+N) vacuum mixing scheme                                  

 future direct test at SBN@Fermi Lab and JSNS2@J-PARC
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Thanks!
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Backup
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The 3+2 scheme and more

arXiv:1508.03172
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Light Sterile Neutrinos@0νββ
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JHEP 07 (2015) 171
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Examples of New Physics for the MB Excess 

1807.09877 

1808.02915

See also other 

models and 

constraints: 

1810.07185;

1810.01000;

1808.07460

1812.08768


