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Early history of the neutrino
• Neutrino postulated in Pauli’s 

famous letter in 1930. 

• Fermi theory of beta decay in 
1933.

• Bethe and Peierls estimate 
detection cross section in 
1934 to be 

• and conclude that the 
neutrino is practically 
invisible.
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How neutrinos were discovered

Delayed coincidence allowed 
them to use a reactor, instead.

1956

All reactor neutrinos to date have been detected 
based on the same principles.
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On to science

Table from C. Giunti, Phys. Lett. B 764 (2017) 145.

Many experiments aimed at 
neutrino oscillation throughout 
the 1980s and 90s at less 
than 100m from the reactor.

Multi-baseline measurements 
to avoid dependence on flux 
predictions.

Chooz and Palo Verde 
inspired by the atmospheric 
neutrino anomaly started to 
probe the range around 1km.
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Neutrino reactor monitoring

First proposed by Borovoi & 
Mikaelyan in 1978 
Soviet Atomic Energy 44 (6), 589–592.

Proof of concept at the Rovno 
power plant in the 1980s.

Korovkin et al. Atomic Energy 76 (1994) 123–127.

Long line of detectors: 
SONGS, Nucifer, PANDA, 
VIDARR, CHANDLER, 
iDREAM, IMRAN, ...

Iranian IR-40 
reactor
Iranian IR-40 
reactor

Christensen, PH, Jaffke, Shea,     
Phys. Rev. Lett. 113 (2014) 042503.

Iranian 
IR-40

Relevant capabilities may exist 
for several use cases.

NuTools study sponsored by 
NNSA DNN R&D will release its 
final report in July 2021.

https://nutools.ornl.gov/
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Discoveries!
KamLAND, a 1kt liquid scintillator exeriment in Japan was built 
to look for solar neutrinos and instead observed neutrinos from 
reactors 200km away and confirmed the solar neutrino anomaly.

Provides to date the best determination of that 
mass squared difference.

In 2012, following hints from T2K and Double Chooz, the Daya 
Bay experiment observed oscillations at a distance of 1.6km 
corresponding to the atmospheric oscillation frequency.

And provides to date the most precise 
determination of the theta13 mixing angle.

Phys.Rev.Lett. 108 (2012) 171803.

Phys.Rev.Lett. 90 (2003) 021802.
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Neutrino flux predictions

Carter, Reines, Wagner, Wyman, Phys. Rev. 113 (1959) 280.

Measure total beta spectrum from all 
fission fragments at once. Convert to 
neutrino spectrum:

50keV average Coulomb correction, 1-k(E)~5% 
correction from summation calculation
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Summation calculations

+ =
Fallot et al. Phys. Rev. Lett. 109 (2012) 202504.
Estienne et al., Phys. Rev. Lett. 123 (2019) 2, 022502.Summation calculations have been done since 1970s.

Play an important role for computing corrections in the 
conversion method.

Crucial tool to study novel reactors and systematic 
uncertainties.

~800 fission fragments
~10,000 beta branches
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The ILL measurements

Schreckenbach et al. Phys. Lett. B 160 (1989) 325.

Form the basis for flux predictions in the past 3 
decades.

Major reevaluation in 2011 lead to the so-called 
Huber-Mueller model

Mueller et al. Phys. Rev. C 83 (2011) 054615.
Huber, Phys. Rev. C  84 (2011) 024617.

and the so-called reactor antineutrino anomaly.

Phys. Rev. Lett. 116, 061801 (2016).       
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Sterile neutrinos

The reactor antineutrino 
anomaly triggered many 
short-baseline experiments.

Many different detector 
designs and materials.

Results in synopsis are 
inconclusive, global 
preference for oscillation: 

Independent of flux predictions!
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Daya Bay flux
measurements

5 MeV bump3.5 million inverse beta decay 
events.

Conversion (HM) prediction does 
not agree in total rate with the 
data or the summation calculation.

Conversion (HM) and summation 
(SM) prediction agree on shape 
with each other, but not with the 
data.

arXiv:2102.04614

rate anomaly
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Neutrino detectors as of today 

PROSPECT
liquid scintillator

CHANDLER, solid scintillator

100-4000kg scale detectors, 
segmented (2D/3D), Li as 
neutron capture agent. Liquid 
and solid scintillator possible. 
Operation w/o overburden at 
the surface 10-100m from 
reactor.

Daya Bay, Double Chooz, RENO: 
single volume, 10-20ton target, Gd-
doped liquid scintillator with a few 
100 meter water equivalent 
overburden 200-2000m from 
reactor.
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Summary 

 Mature, precision technology
 Still improving, active R&D
 5-10% energy resolution
 2% absolute normalization
 <0.5% relative normalization
 Surface operation
 Potential applications to 

reactor monitoring

 Standard oscillation 
physics well constrained 
and independent of fluxes

 Sterile neutrinos unclear, 
but independent of fluxes

 Open questions around 
rate & spectrum

Neutrino detectors Neutrino science
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