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Plan of the talk 

• Background for q13 measurement. Before 
KamLAND data. 

• Neutrino mixing matrix 

• How the measurement of q13 was prepared 

• Double Chooz 

• RENO 

• Daya Bay 

• Conclusions and outlook 
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Looking for neutrino oscillations at nuclear 
reactors at 80th and 90th  

• Goesgen (37, 46, 65 m), 1984 
• Bugey (18, 23 m), 1984 
• ILL (8.5 m) 1983 
• Bugey-3 (15,40,95 m), 1994 
• Savannah River (18, 24 m), 1994 
• Rovno, 1984-1986 (18-25-18 m), 1987-1990 
• Krasnoyarsk (57, 230 m) 1984-1990 
• Palo Verde (750 m) 1997-98 
• CHOOZ (1050 m) 1997 
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Ratio of measured rate to expected one 
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Reactor experiment proves solar neutrino 
oscillations (KamLAND), 2005 
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Three neutrino flavors 

ne 

nm 

nt 
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n1 

n2 

n3 

U1e U2e U3e 

U1m U2m U3m 

U1t U2t U3t 

Pee = 1 – sin22q13 sin2D13 – cos4q13sin22q12sin2D21 – etc,  Dij =  

n1 

n2 

n3 

c12c13                             s12c13              s13 e
-id 

-s12c23 -c12s23s13e
id    c12c23-s12s23s13e

id  s23c13 

s12s23-c12c23s13e
id     -c12s23-s12c23s13e

id  c23c13 

= 

Dm2
ij L 

  4E 

• Neutrino flavor: ne, nm, nt  N = 3 (2.9840±0.0082, PDG2012) 

• Mass eigenstates: n1, n2, n3 

• Mixing: |nk> = S Uki |ni>  
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Discovering of third neutrino mixing angle, 2012 

• At the beginning of 2000th there was appeared 
a proposal to use two identical detectors (near 
and far) for measuring q13.  

• After several Workshops a number of projects 
and sites were proposed for realization the 
proposal. Finally three of them were realized: 
Double Chooz, Daya Bay, RENO. Double Chooz 
is still ongoing. 
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Double Chooz (France) 
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Detector scheme 
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Backgrounds in DC 

Accidentals Correlated Cosmogenic 

(Gd) 0.97+0.41
-0.16  per day 

(H)   4.33 ± 0.01  
(Gd) 0.604 ± 0.051 per day 
(H)   1.55 ± 0.15 

(Gd) 0.070 ± 0.003 per day 
(H) 0.95+0.57

-0.33 



Data Analysis DC 2015 

    n-H analysis 

    sin22q13 = 0.124+0.030
-0.039 

 
   RRM analysis  
   (n-H) sin22q13 = 0.098+0.038

-0.039  

   (Gd) sin22q13 = 0.090+0.034
-0.035 
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Rate + Shape (Gd)Analysis 
Reactor Rate 
Modulation Analysis 

Rate + Shape (H)Analysis 

of n-Gd analysis. 
sin22q13 = 0.090+0.032

-0.029 
Combined analysis sin22q13 = 0.090±0.33 with  
   Dm2 = 2.44 eV2 (MINOS) 



Data taking from 2015 are ongoing 
with the use of two detectors 
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Precision that we expect to have from 
using both detectors 
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RENO (Hanbit (Yeongwang) PP, Korea) 
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250 km direction south-west from Seoul 
Distance to the nearest detector from 
the line of reactors –  294 m, to the far 
one – 1380 m 
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Детектор  

60 cm gamma-catcher 

target  140 cm radius, 

320 cm hight 

70 cm buffer 

150 cm muon veto 
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20 m3 
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RENO experiment results 
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From the Rate only analysis based 

on statistics 17102 events in far 

detector 
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New RENO result (2014) 
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sin22q13 = 0.101 ± 0.008 (stat) ± 0.010 (syst),  with Dm2
31 = 2.32 × 10-3 eV2 

 

The result was crosschecked with data of n-H captures: 

 sin22q13 = 0.103 ± 0.014 (stat) ± 0.014 (syst). 



Daya Bay experiment 
(Daya Bay & Ling Ao power plants) 
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2 detectors 

2 detectors 



The detector and 
detectors hall 45 cm gamma-

catcher 

target  160 cm radius, 

320 cm hight 

45 cm buffer 

150 cm water shielding 
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25 m3 



Signals and backgrounds 

 

ICPPA, NRNU MEPHI, Moscow, 5-10 
October 2015 

23 



Daya Bay last results 
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sin22q13 = 0.084 ± 0.005,        |Dm2
ee | = (2.42 ± 0.11) × 10-3 eV2  
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Conclusions and outlook 
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• The discovery of third neutrino mixing angle q13 was 
made in the last three years, but prepared more than 
10 years. 

• The value of mixing angle q13 is appeared unexpectedly 
high (about 9°).  

• This opens the road for measuring CP-violation phase 

• Also one should account its include in probability of 
flavor surviving or disappearing. 

• Neutrino mass hierarchy may be observed in reactor 
experiments in nearest 10-15 years  (JUNO and RENO-
50). 
 

 


