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Three Neutrino Paradigm

➢ Absolute Neutrino Masses

➢ Two CPV Majorana Phases

➢ See Talk by Prof. Karsten Heeger
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New Physics Beyond Three Neutrino Mixing

➢ Light sterile neutrinos at the eV scale

Anomalies-driven sterile neutrino model 

Giunti, YFL, Ternes and Xin, 2212.09722, 2209.00916, 2110.06820

➢ New neutrino interactions (Nonstandard Interactions) 

Coloma et al, arXiv:2305.07698

➢ Unitarity Violation of Neutrino Mixing Matrix

Blennow et al, arXiv:2306.01040

➢ Neutrino Electromagnetic Properties

Atzori Corona et al, 2205.09484

See also the talk by Yingying Li
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Historical Short-Baseline Anomalies
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Beyond 3-ν oscillation: Sterile neutrinos

Explanation of short baseline oscillations: 

eV-scale sterile neutrinos (which have mixing with active mass eigenstates)
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Parameterization and SBL Oscillations
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Different Notations
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Reactor Antineutrino Anomaly
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Reactor Flux Calculations
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Summation (ab initio) Method
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Conversion Method
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2011: HM fluxes (conversion method)

Giunti, YFL,Ternes, Xin, arXiv: 2110.06820
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2019: HKSS fluxes (conversion method)

Giunti, YFL,Ternes, Xin, arXiv: 2110.06820
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2019: EF fluxes (summation method)

Giunti, YFL,Ternes, Xin, arXiv: 2110.06820
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2021: KI fluxes (conversion method)

Giunti, YFL,Ternes, Xin, arXiv: 2110.06820
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Reactor Fuel Evolution
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Model v.s. Data Comparison

Giunti, YFL,Ternes, Xin, arXiv: 2110.06820
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Limits on the SBL mixing
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Reactor Antineutrino 5 MeV Bump (Shoulder)

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

(2) Most of recent studies (a hot topic) attribute to the nuclear 
physics calculations

(3) Theoretical miscalculation of the spectrum → same for the rate ?

(4) Still NO complete calculation of the neutrino flux, spectrum and 
associated uncertainty:  e.g., recent attempt in 2304.14992
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Gallium Anomaly
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Gallium Anomaly
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Gallium Anomaly
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Cross section？
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Cross section？
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Gallium – Solar neutrino tension

Giunti, YFL,Ternes, Tyagi, Xin, arXiv: 2209.00916
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Gallium – Reactor rates tension

Giunti, YFL,Ternes, Tyagi, Xin, arXiv: 2209.00916
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Nuclear effects for Gallium Anomaly ?

Giunti, YFL,Ternes, Xin, arXiv: 2212.09722

See also in Brdar, Gehrlein, Kopp, 2303.05528

a) Enlarged life time of Ge71

b) New excited states 

c) Changes of branching ratios
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Beyond Simple 3+1 mixing scheme
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Status of light sterile neutrinos
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Model Indep. Measurements at Reactors
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Model Indep. Measurements at Reactors

Giunti, YFL,Ternes, Tyagi, Xin, arXiv: 2209.00916
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Gallium – Reactor spectral-ratio tension

Giunti, YFL,Ternes, Tyagi, Xin, arXiv: 2209.00916
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3+1 Appearance vs Disappearance
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Appearance (νμ→ νe) channel

MicroBooNE, 2210.10216, 

See also Xiangpan Ji’s talk
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Disappearance (νµ) channel
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Global Appearance-Disappearance Tension

1508.03172
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New Dedicated Experiments
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Conclusion

➢ Light Sterile Neutrinos can be powerful messengers of 
BSM New Physics.

➢ Historically, the existence of light sterile neutrinos is 
motivated by the LSND, Gallium, and Reactor 
Anomalies.

➢ The Reactor Antineutrino Anomaly, discovered in 2011, 
is practically resolved with new flux models. 

➢ The Gallium Neutrino Anomaly, discovered in 2007, has 
been revived by the BEST results. 

➢ Puzzling Gallium-Reactor tension, DIS-APP tension?

➢ Beyond simple 3+1 scheme?

Thank you for your attention!
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Backup
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LSND 
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Allowed parameter space
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Daya Bay fuel evolution data 
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New development: NEOS PRL 118 (2017) 121802
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New development: DANSS
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Model Indep. Measurement at Daya Bay
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Schemes of four neutrino mixing
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2+2 Scheme: strongly disfavored
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