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Introduction  



60 years of reactor 
neutrino physics  

1953 – first experiment at Hanford  



5 

Матрица PMNS сегодня  



Reactor Antineutrino Experiments  
with 1-2 km baselines  
are sensitive to θ13 ,  

but have significant neutrino flux normalization uncertainty  

Isotope fission rates vs. reactor burn-up  



Absolute Reactor Flux: 
Largest uncertainty in previous  

measurements 

Relative Measurement: 
 Multiple detectors removes absolute 
uncertainty 

First proposed by L. A. Mikaelyan et al., Phys. Atomic Nucl. 63 1002 (2000) 



2011 –       Early indications  
 
 
2012 Mar – Daya Bay observes  non-

zero θ13 with 5.2σ  
2012 Apr – RENO confirms  

 
 

 
2012/2013 – Improved by  
        T2K, DC, DB, RENO   

2011/2012 – The year of θ13 





 

Seon-Hee Seo 



Daya Bay Experiment Site 

Via GPS and modern theodolites, relative 
detector-core positions known to 3 cm. 

Adjacent mountains with horizontal access 
provide 860 (250) m.w.e cosmic shielding. 

6 commercial reactor cores 
with 17.4 GWth total power.  

6(8) Antineutrino Detectors (ADs) 
give 120(160) tons total target mass.   

Daya Bay Ling Ao I + II 



Inverse beta decay has a distinctive signature 

Inverse β-decay (IBD): 
 

 

Prompt positron: 
Carries antineutrino energy 
    Ee+ ≈ Eν – 0.8 MeV 
 
Delayed neutron capture: 
Efficiently tags antineutrino 
signal   
 

Prompt + Delayed coincidence provides distinctive 
signature 

~30μs 

~8 MeV 



Antineutrino Detectors 
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‘Functionally identical’ detectors:  
  Reduce systematic uncertainties 

20t GdLS target  
5m 

Calibration robots insert 
radioactive sources and LEDs.  

All detectors filled from 
common GdLS tanks. 

Target mass measured to  
3 kg (0.015%) during filling. 

Reflectors improve light collection uniformity. 

L
S 

192 8” PMTs detect light 
in target, ~163 p.e./MeV. 



JINR contribution to Daya Bay 
• Liquid Scintillator measurements and optimization:  

• Light Yield 
• Transparency 
• Energy Resolution 
• Neutron capture for Gd loaded LS 
 

 
 
 
 

 
 
• Technology of PPO production was restored in the JINR Member State  
Ukraine and 1.5t of PPO were produced and delivered to Daya Bay  
 

• Data analysis:  
• Background simulation  
• Oscillation Analysis  
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Измерение угла смешивания θ13  
в эксперименте Daya Bay 

Breakthrough of the Year, 2012, by Science Magazine  



Ongoing work 
 Daya Bay 

 Running with 8 detectors since October 2012 
 Rate + Shape analysis for θ13  

 Independent determination of ∆m2 (~10%~4%) 
 Absolute neutrino flux measurement 
 Neutrino flux spectral shape 

 Double Chooz 
 Near detector (systematics 2.2%  0.6%) 
 Improving all analyses 
 Expected precision on sin22θ13 of 0.01  

 RENO 
 Rate + Shape analysis 
 Reduce systematic uncertainty on sin22θ13 to < 

0.01 
 Goal: total uncertainty <0.011 after 3 years 

RENO 

Daya Bay 

Daya Bay 

Preliminary 
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Эксперименты ОИЯИ/ИТЭФ на  
Калининской Атомной Электростанции   

Задачи фундаментальной и  
прикладной физики нейтрино:  

 
 Поиск магнитного момента нейтрино  
 Поиск стерильных нейтрино  
 Измерение потоков и спектров 

нейтрино от реактора  



Neutrino Magnetic Moment 

And this is already in the present sensitivity region  

if neutrino  
Dirac 

if neutrino  
Majorana  

In the (extended) Standard Model  
Magnetic moment of neutrino is connected to the neutrino mass  

and is very small.  

But some models predict:  

Detection of the Neutrino Magnetic Moment could be an 
argument in support of Majorana neutrino nature  



Phase-1:   μν ≤ 5.8×10–11 μB 

Phases 1+2:  μν ≤3.2×10–11 μB 

Phases 1+2+3:  μν ≤2.9×10–11 μB 

New Phase (6kg, 10m):  μν ≤1.0×10–11 μB 

Измерение магнитного момента  
 

GEMMA: Результаты и Перспективы 

HpGe detector 
1.5 kg, 14m 
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Детектор DANSS 
 

Измерение потоков и спектров реакторных антинейтрино  
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Что нам известно о числе  
типов нейтрино? 

 

Another  
Δm2 ~ 1eV2 ?? 

Cosmology:  Необходим поиск 
осцилляционных 

переходов  нейтрино в 
стерильные состояния на 

(сверх) малых  
расстояниях  
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Измерения на исследовательских реакторах  

•   Benchmark measurements of reactor neutrino spectra  
    and beta-particles spectra from irradiated targets 
•   Neutrino sources production: 51Cr, 8Li etc  
    (thermal neutron flux 4.5x1015 cm-2s-1)  
•   Search for short base line oscillations 
•   Coherent scattering neutrino by nuclei 
•   Neutrino-electron elastic scattering  
•   BSM processes search at low energies 

100 MW thermal 
power  
 
Small zone: h=50 
cm, d=39 cm  
 
Start of 
experimental 
program 2014-15  



Заключение  

 На протяжении многих лет реакторные 
эксперименты были и остаются мощным 
инструментом для изучении свойств нейтрино   
 

 Недавнее открытие (относительно) большого угла 
смешивания θ13 открывает новые перспективы для 
дальнейших исследований в физике нейтрино  
 

 Проведение нейтринных экспериментов на своей 
базе, а также участие в ведущих международных 
проектах, является приоритетной задачей для 
Российских институтов и ОИЯИ 
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