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Reactor Neutrinos

•Unique+precise oscillation measurements  

•Do we understand reactor neutrino fluxes? 

•Sterile neutrinos?  

•Do we understand reactor neutrino energies?  

•Bad nuclear data; implications for nuclear applications?  

•Mass hierarchy measurements at reactors? 
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Reactor Neutrinos

https://www.carbonbrief.org/mapped-the-worlds-nuclear-power-plants/
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 Nuclear Reactors
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 Nuclear Reactors

Heavy isotopes fission, making lighter isotopes, energy, neutrons, neutrinos, betas, and gammas  

Different fission isotopes yield different products  
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Reactor Neutrinos

Calculated electron spectra of the 
235U thermal neutron fission. The 
thin gray lines are from individual 
β decays. The thick (color) lines 
highlight the 20 most important 
contributions to energies above 
5.5 MeV. The squares are the sum 
of all decays and the thick blue 
line is the measures electron 
spectrum  
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Reactor Neutrinos
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Reactor Neutrinos
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Reactor Neutrino Experiments
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Inverse beta decay
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KamLAND

The experiment is surrounded by more than 50 nuclear reactors at various commercial Nuclear Power 
Plants. Most Nuclear Power Plants operate multiple reactors. The flux-weighted average distance of the 
reactors to KamLAND is ∼180 km. Neutrino flux is approx. 6 × 106/cm2/sec at site. 

1.27
GeV
km

180 km
4 10−3 GeV

Δm2 ∼ 6 104 Δm2

Sensitive to the neutrino oscillation solutions of the ‘solar neutrino problem’ for solar mass-splitting 

values of 𝛥m212 ~ 10-5 eV2
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KamLAND

• Active volume: 1 kt of 20% 
pseudocumbne + 80% mineral oil + 1.36 
g/liter of PPO  

• 1800 m3 buffer oil  

• 1879 20” PMTs (photocoverage of 34%) 

• Veto: ~3200 m3 of pure water equipped 
with 225 20-inch PMT’s  

• Shielded by 2700 m.w.e. of rock at the 
Kamioka mine  
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KamLAND
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KamLAND
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KamLAND
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KamLAND
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KamLAND
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JUNO
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JUNO
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JUNO
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JUNO
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~1 km baselines: 𝜃13  
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~1 km baselines: 𝜃13  

~11 tons gadolinium 2-ethylhexanoate in PC + 
MO + compounds for wavelength shifting.  

~5 tons gadolinium salt (Gd(NO3)3) in 
hexanol + MO + compounds for 
wavelength shifting
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~1 km baselines: 𝜃13  

No evidence of neutrino oscillation! 

Scintillator instability
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~1 km baselines: 𝜃13 
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~1 km baselines: 𝜃13 
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~1 km baselines: 𝜃13 
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Discovery of non-zero 𝜃13 
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~1 km baselines: 𝜃13 
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~1 km baselines: 𝜃13 

Spectral distortion
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Reactor Neutrino Models

Recent re-analyses in 2011 increased prediction by ~5%  

• Conversion +3%  

• Neutron lifetime +1%  

• Non-equilibrium isotopes +1% 

Summation (ab initio) method 

• Calculate the spectrum of each beta-decay branch 
using nuclear databases: fission yields, decay 
schemes  

• ~10% uncertainty  

Conversion Method  

• Measure total outgoing beta-decay electron energy 
spectra. (Experiments done for 235U, 239Pu, 241Pu 
at ILL in the 1980s)  

• Predict corresponding anti-neutrino spectra with >30 
virtual branches  

• Default model by most reactor neutrino experiments  

• Considered to be more precise: ~2.5% uncertainty 
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Reactor Anomaly
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Gallium Anomaly
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Reactor + Gallium Anomaly

The no-oscillation hypothesis WAS disfavored at 99.8% CL (in 2011)
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Sterile Neutrinos

Borexino

SOX
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Sterile Neutrinos
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Sterile Neutrinos
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Sterile Neutrinos
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Sterile Neutrinos: STEREO
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Sterile Neutrinos: PROSPECT
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Sterile Neutrinos: Neutrino-4
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Sterile Neutrinos: DANSS
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Sterile Neutrinos: NEOS
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Sterile Neutrinos: Evolution

2011
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Sterile Neutrinos: Evolution
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Sterile Neutrinos: Evolution
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Sterile Neutrinos: Evolution
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Sterile Neutrinos: Neutrino-4
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Sterile Neutrinos: Global Fit

  

Global fit?

32 Christoph Ternes

No overlap anymore!

GoFPG= 7 x 10 11⁻

Global 3+1 fit is 
unacceptable!

NOT most up-to-date data included in this figure!
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Sterile Neutrinos: BEST
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Sterile Neutrinos?


