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Three Neutrino Paradigm

 Absolute Neutrino Masses

 Two CPV Majorana Phases 
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Neutrino Mass Hierarchy

 Reactor: JUNO, RENO-50
 Acc.: T2K, NOνA, LBNF/DUNE
 Atm: PINGU, ORCA, Hyper-K, INO

Leptonic CP Violation

 LBL Acc.: T2K, NOνA
 LBL Acc.: LBNF/DUNE, T2HK 

Gonzalez-Garcia et al.m1 < m2 < m3 (NH) or m3 < m1 < m2 (IH) 

Current Oscillation data
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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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Indications of SBL oscillation beyond 3-νs 
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LSND 
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Allowed parameter space
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MiniBooNE

Purpose: check LSND signal with different L&E, but the same L/E

~3σ excess in the Low energy range: unidentified backgrounds?

Oscillation search is not conclusive.  no near detector!
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Gallium anomaly.
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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 Saclay+Huber model ~ 2.5%
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New issue on RAA: 5 MeV bump

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

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

(3) No complete calculation of the neutrino flux and associated 
uncertainty after the observation of the discrepancy. 

(4) Some guess to increase the uncertainty: e.g. about 5%.
[Hayes and Vogel, 2016]



12

New issue on RAA: fuel Evolution data
Daya Bay, PRL 118 (2017) 251801
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Daya Bay fuel evolution data 



14

Fuel fractions of all reactor experiments
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Fits of Reactor rates data
Giunti, Ji, Laveder, YFL, Littlejohn, arXiv:1708.01133 
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Combining Evolution data with Reactor rates data
Giunti, Ji, Laveder, YFL, Littlejohn, arXiv:1708.01133 

See also Dentler, et. al. 1709.04294
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NEOS PRL 118 (2017) 121802 (arXiv:1610.05134)
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NEOS fits
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Global status of light sterile neutrinos

Based on Gariazzo, Giunti, Laveder, YFL, arXiv:1703.00860
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Effective SBL oscillation in 3+1 schemes
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Global (anti)nu_e disappearance
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Tritium Beta-Decay:
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Constraints from beta decay data

Mainz + Troitsk Tritium  beta decays
Mainz, EPJC (2013); 
Troitsk, JETPL (2013); JPG 41 (2014)

Future Better Sensitivity of KATRIN:
Formaggio,Barrett, PLB (2011), etc.
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Future search with (anti)nu_e disappearance
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Global (anti)nu_mu(anti)nu_e appearance
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Null results in (anti)νμ disappearance



27

Appearance-Disappearance Tension

With (left) and 
without (right) 
the MiniBooNE
low energy bins 
(<475 MeV)

(left) 
GoF_PG = 0.06%

(right)
GoF_PG = 7%
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Effects of MINOS, IceCube and NEOS
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Future searches in the global region 
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Future searches in the global region 
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Conclusion

Interesting indications of short baseline oscillations

(a) LSND nu_mu  nu_e signal (need confirmation)

(b) Gallium nu_e disappearance (detector efficiency)

(c) Reactor (anti)nu_e disappearance (flux calculation dependence)

Many experiments will be on-line in the next several 
years

Source, Reactor & Accelerator experiments to give the decisive tests!

Interesting effects in the beta decay, neutrino-less 
double beta decay, and cosmology.
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Final remarks

 The smoking gun for short 
baseline oscillations: oscillatory 
behavior as a function of the 
energy and/or baseline.

 Otherwise only marginal interest 
in light sterile neutrinos

SOX: 1304.7721

PROSPECT: 1512.02202
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Thanks!
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3+2: appearance vs. disappearance
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MiniBooNE low energy bins

Fit of MB Low-Energy Excess requires small mass splitting and large mixing 
angle, in contradiction with disappearance data.

MB low-energy excess is the main cause of bad APP-DIS agreement.
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Effects of Reactor Antineutrino Anomaly
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New Bound from MINOS & MINOS+ 
1710.06488


