
Reactor Neutrinos
Overview

Thiago Bezerra (Universtiy of Sussex, Brighton, UK)

4th  Conference on Science at the Sanford Underground Research Facility 
11th May, 2022



T. Bezerra (U. of Sussex) Reactor-ν Overview @ 4th CoSSURFν Overview @ 4th CoSSURF 2

Contents

- Quick overview of the past

- Reactor neutrinos and 3 flavour oscillations status (IBD)
● Other rich physics available: Sterile, CEnNS, E.S. 

- Future: Positron tagging
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Quick overview from the past

● 50’s: n discovery
● 80’s: Reactor monitoring 
● 90’s: n oscillations searches 

– Bugey4: Flux measurement (1.4%)

– CHOOZ: Upper limit on q13

● 2000’s: Settling n oscillations
– KamLAND (        )

CHOOZ

Δm21
2
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Nucl. reactors: “free” and copious n source

Commercial fission reactor produces ~1020 n/sec
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Reactor-n detection via IBD

ν̄ e + p → e+ + nN n

exp
( t )=

εN p

4 π L2
×
P th( t )

⟨E f ⟩
× ⟨σ f ⟩

Mean cross section per fission

Inverse Beta Decay
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 measurement with reactor n’s

P (n̄e→n̄e)=1−sin2 2q13 sin2 ( Δmee
2 L

4 E )
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J.Phys.G37:103001,2010 (fig)

Reactor-q
13

 experiments (2010 – present)
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DC DYB RENO

Reactor-q
13

 detectors



T. Bezerra (U. of Sussex) Reactor-ν Overview @ 4th CoSSURFν Overview @ 4th CoSSURF 9

DC RENO DYB

Reactor-q
13

 detectors
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DYB

RENO

Reactor-q
13

 spectra
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RENO

Reactor-q
13

 far/near ratios

DYB

~1.0 km ~1.4 km

   ~1.7 km
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RENO

DYB
P (n̄e→n̄e)=1−sin2 2q13 sin2 ( Δmee

2 L

4 E )
Reactor-q

13
 summary
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1.0% unc.

1.4% unc.

New value: 1.5% unc.             (5.91 ± 0.09)
(arXiv:1808.10836)

Reactor-q
13

 : flux normalization

Many experiments 
exploring this effect (VSBL)
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Reactor-q
13

 : spectral shape distortion

 Nature Physics, volume 16, pages 558–564 (2020) C.Giunti et al., Flux prediction review: arXiv:2110.06820
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Reactor IBD Future

JUNO
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The Jiangmen Underground Neutrino Observatory 

Target Mass

DC/DYB/RENO

Borexino

KamLAND/SNO+

JUNO

0.02 kt

0.3 kt

1 kt

20 kt

Resolution
(@ 1 MeV)

8%

5%

6%

3%

-> Huge liquid scintillator detector
-> Two key parameters: Large & Precise

JUNO
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Reactor IBD Future (beyond JUNO)

Positron Tagging
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e+

g/e-

a/e-

n (p-recoil)

Expensive way to remove backgrounds
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60 years old strategy!

1950’s 2010’s
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Efforts on e+ identification

Double Chooz case: FADC, a powerful tool
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Efforts on e+ identification

JHEP 1410 (2014) 032

Ortho-positronium observation

2018 JINST 13 P01031

e+ e-

Pulse shape discrimination

Fourier power spectra of scintillator pulses

ε < 50%
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A new approach!
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Cannot separate these 3 on an event-by-event basis with conventional LS detectors!

Powerful particle identification!
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arXiv:1908.02859 arXiv:1908.03334

First papers

https://arxiv.org/abs/1908.02859
https://arxiv.org/abs/1908.03334
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Applying expected PID and BG rejection

Impact on IBD detection
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e+

g/e-

a/e-

n (p-recoil)

Expensive way to remove backgrounds
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e+

g/e-

a/e-

n (p-recoil)

Smart way to remove backgrounds

10 fold 
increase!
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q13

Impact on q
13

● Not “doomed” to 2~3% unc. any more
● Possible to get sub-percent unc. with current 

technology (preliminary, energy scale main syst.)

J r = sinq12 cosq12 sinq23 cosq23 sinq13 cos2
q13 sinδCP
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Impact of sub-percent q
13

Impact of 
constraining sin22q

13
 

within 3.4%

How many years we 
gain if < 1%?
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Summary

● Nuclear reactors are a key source for neutrino physics (no doubt!);

● IBD channel driving q13

– Best known oscillation parameter (others soon too, with JUNO)

● Positron tagging with opaque scintillator has a promising future
– Counter intuitive technique
– Proof-of-principle already obtained. Working towards multi-ton demonstrator

– Possible way to do a sub-% measurement of q13
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Back up slides
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Does it work?
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Commission a 7.5 litre prototype called “Mini-LiquidO”
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