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Reactor neutrinos – source and detection 

Oscillation probability 

Past measurements 

Future measurements 

Beyond standard oscillations 

Physics beyond oscillations 

Problems/discussions 

Outline 

WHEPP 2017, IISER Bhopal 
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Source 

WHEPP 2017, IISER Bhopal 

U-235, U-238, Pu-239, Pu-241 

Flux of (anti)neutrinos from 
the beta decays of fissile 
nuclei and their unstable 
decay products 

Individual decay spectra of the various nuclei 
measured experimentally at ILL, France (1980s) : 
taken to be the ‘standard’ for the last ~35 years 
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ILL measured the beta spectrum from the decay chain, 
and used this to reconstruct the neutrino spectrum 

 

This was done by introducing 30 ‘virtual branches’ 
with free parameters to be fitted to the data 

 

The sum of contributions from all the virtual branches 
matches the experimental data with a 3-4% error 

 

The neutrino spectrum 

WHEPP 2017, IISER Bhopal 
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Mueller et al. performed an ab initio calculation of the neutrino 
flux and found an excess compared to experimental data  

Vogel et al. computed the flux using a hybrid method involving 
ab initio calculations + virtual branches and found a 3% excess 
over ILL (almost) independent of neutrino energy... can be 
explained using nuclear effects 

Huber revisited the ILL reconstruction using only virtual 
branches and updated nuclear corrections 

The reactor anomaly 

WHEPP 2017, IISER Bhopal 

Huber 
Mueller et al. 
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Inverse beta decay:  

Detection 

WHEPP 2017, IISER Bhopal 

e+ e- 
annihilation 

Capture on 
nucleus 
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Oscillation probability 

WHEPP 2017, IISER Bhopal 

solar parameters reactor parameters 
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Oscillation probability 

WHEPP 2017, IISER Bhopal 

solar parameters reactor parameters 
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Oscillation probability 

WHEPP 2017, IISER Bhopal 

solar parameters reactor parameters 
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Effective parameters 

WHEPP 2017, IISER Bhopal 

2 2
2 2 4 2 231 21

13 13 12

2
2 2

1 sin 2 sin cos sin 2 sin
4 4

1 sin 2 sin
4

ee

ee
ee

m L m L
P

E E

m L

E

  



    
     

  

 
   

 

2 2 2 2

31 12 21sineem m m    

Effective mass-squared difference relevant for  
electron neutrino disappearance experiments 

Parke et al. 0503283 
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KamLAND 

55 reactors in Japan 

Flux-averaged  

 baseline of 160 km 

Past measurements 

WHEPP 2017, IISER Bhopal 
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WHEPP 2017, IISER Bhopal 

Vogel et al. 1503.01059 
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Daya Bay 

Double Chooz 

RENO 
Combined 
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WHEPP 2017, IISER Bhopal 
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Future measurements 

WHEPP 2017, IISER Bhopal 
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Good energy resolution crucial in order to resolve the wiggles 
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CP Violation discovery 

Synergies with other experiments 

WHEPP 2017, IISER Bhopal 

Ghosh et al. 1401.7243 
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Octant sensitivity 

Synergies with other experiments 

WHEPP 2017, IISER Bhopal 

Chatterjee et al. 1302.1370 

Bora et al. 1405.7482 
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Synergies with other experiments 

WHEPP 2017, IISER Bhopal 

Blennow et al. 1306.3988 
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The 5 MeV excess 

WHEPP 2017, IISER Bhopal 

Excess correlated with beam power 

Daya Bay Double Chooz RENO 

New physics? ? 
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Other anomalies 

WHEPP 2017, IISER Bhopal 

Short-baseline reactor anomaly 

Gallium anomaly 
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NEOS (Korea): L = 24 m 

 

 

 

NEOS + DayaBay 
combined  analysis  
Pu-239 and Pu-241 are 
disfavoured as single 
sources of the 5 MeV 
excess 

Sterile neutrino searches 

WHEPP 2017, IISER Bhopal 

Oh, ICHEP 2016 

Huber 1609.03910 
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Sterile neutrino searches 

WHEPP 2017, IISER Bhopal 

Ko et al. 1610.05134 
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DANSS (Russia) 

 Mobile detector 
(L around 10 m) 

Sterile neutrino searches 

WHEPP 2017, IISER Bhopal 

Dentler et al. 1709.04294 
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Closed contour at  

1 sigma, even with  

flux free 

Sterile neutrino searches 

WHEPP 2017, IISER Bhopal 

Dentler et al. 1709.04294 

? 
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NSI searches 

WHEPP 2017, IISER Bhopal 

Agarwalla et al. 1412.1064 ? 
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Coherent elastic n-nucleus scattering (CEvNS):  
Predicted in SM; has only recently been measured at a DAR expt 

 

 

 

 

 

 

 

 

Probe new physics at low energy, eg. NSIs and sterile neutrinos. 

High flux at reactors can offset the small cross-section 

Neutrino scattering 

WHEPP 2017, IISER Bhopal 

Billard et al. 1612.09035 

Akimov et al. 1708.01294 

? 
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Neutrino magnetic moment, etc 

WHEPP 2017, IISER Bhopal 

Kosmas et al. 1506.08377 

Chen et al. 1411.0574 
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Dark photon limits 

WHEPP 2017, IISER Bhopal 

Park 1705.02470 
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Synergy of neutrino oscillation experiments with NEOS/DANSS 
in measuring sterile parameters/measuring standard 
parameters in spite of steriles 

 

Particle physics origin of the 5 MeV bump? 

 

CC-NSI searches at extremely short-baseline reactor 
experiments like DANSS (zero-distance effect) 

 

Constraining particular new physics models with CEvNS data 

Some questions 

WHEPP 2017, IISER Bhopal 


