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Reactor Neutrino Experiments

       Daya Bay Double Chooz       RENO

Jaime Dawson, SUSY2014
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Timeline of Results

RENO 800 Days       [Neutrino2014]
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● Detect anti-neutrinos via inverse beta decay 

– ν + p→n + e+

● In Gd-loaded scintillator

– Prompt e+ signal 1-8MeV

– Prompt e+ e- annihilation(2 x 511 keV)

● Evis = Eν – (Mn-Mp)+me

– Delayed neutron capture on

●  Gd  ~30 μs ~ 8 MeV (>80%)

●  H  ~200 μs    2.2 MeV
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Near: 4* 20 ton  GD-LS                            8.3 ton*                                              16.5 ton
Far: 4 *  20 ton                                          8.3 ton                                               16.5 ton

621 live days                                         460 live days                                     794 live days
Max Reactor Power 17GWth                    8.5 GWth                                         16.5 GWth
Detected neutrinos 150k (far)                      17351                                               0.1M
                               1M  (near)                * near detector                                         1M 

 In preparation

Daya Bay Double Chooz RENO
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Backgrounds
Accidental Correlated Cosmogenic

Background rates /day                                                                                                           Additional
DC FAR:               0.07 +/- 0.003        0.6 +/- 0.05                  0.97 +0.41 -0.16                     Sources
RENO FAR:          0.36 +/- 0.01        0.44 +/- 0.02                  1.85 +/- 0.20                          1.98 +/- 0.27
        NEAR:          1.82 +/- 0.11         2.09 +/- 0.06                  8.28 +/- 0.66                          0.28 +/- 0.05
DayaBay

NEAR: AD1: 8.62 +/- 0.09        0.78 +/- 0.12                   2.8 +/- 1.5                               0.2 +/- 0.09
   AD2: 8.76 +/- 0.09                                                                                             0.21 +/- 0.09
   AD3: 6.43 +/- 0.07        0.54 +/- 0.19                   1.7 +/-0.9                              0.18 +/- 0.08
   AD8: 6.86 +/- 0.07                                                                                             0.22 +/- 0.10

  FAR:  AD4: 1.07 +/- 0.01        0.05 +/- 0.01                   0.27 +/- 0.14                         0.06 +/- 0.03
                    AD5: 0.94 +/- 0.01                                                                                             0.04 +/- 0.02

   AD6: 0.94 +/- 0.01                                                                                             0.04 +/- 0.02
   AD7: 1.26 +/- 0.01                                                                                             0.07 +/- 0.02
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Bezerra et al, Physics Letters B, Volume 725, Issues 4 and 5, 1 October 2013, 
Pages 271 to 276Daya Bay

RENO

Different Baselines & Configurations

Double Chooz
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How to obtain θ
13
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Rate Results from RENO at Neutrino2014

Shape analysis in progress
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Reactor Rate Modulation

Measure θ
13

 and background

Background model independent

With Reactor Off 

arXiv:1406.7763

And include background model 
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Rate & Shape from Double Chooz

arXiv:1406.7763

Includes 7 days of reactor off!

arXiv:1406.7763
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Rate & Shape & Δm2

ee
 from Daya Bay at Neutrino2014
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Hydrogen Analysis

First analysis Double Chooz Jan 2013

Recent rate-only results from Daya Bay and RENO

Daya Bay (arXiv: 1406.6468) RENO (Neutrino2014)
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 Sin2 2θ
13

Summary

● Agreement 

– between all 3 experiments

– different analysis methods 

– different neutrino samples (Gd/H)

● Clear demonstration of neutrino oscillation effect

● Precision measurements achieved (6%!)

Daya Bay:          0.084 ± 0.005

RENO:               0.101 ± 0.013

Double Chooz:    0.09 ± 0.03
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Future

● Daya Bay aims to measure both  θ13 and Δm2
eefor 3% by 2017

● Double Chooz runs with near detector (Sept/Oct)

                                       Aims for 10-15% precision within 3 years 

● RENO aims for 7% precision with 2 more years
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Reactor Spectrum

RENO Near

RENO Far

Spectral distortion observed in DC Far spectrum 
(arXiv:1406.7763 & Neutrino2014)

Observed by RENO in Near & Far detectors 
(Neutrino2014)

Confirmed by Daya Bay (ICHEP2014)

Possible explanation from reactor predictions:       
arXiv: 1407.1281

Daya Bay
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Reactor Flux

● Comparing measured to predicted flux

● Latest results from Daya Bay (Neutrino2014) – consistent 
with all previous short baseline experiments

Th. Lasserre & G. Mention
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Sterile Neutrino Searches

● Results from Daya Bay (Neutrino2014)

● Baselines: EH1 (~350m), EH2 
(~500m), EH3 (~1600m)

● Search for additional spectral 
distortions in EH2/EH1 and EH3/EH1
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Conclusion

● Impressive results from Reactor experiments

● Agreement between experiments and different methods

● Precision measurements on θ13 and Δm2
ee   

● Limits on sterile neutrinos

● Reactor Predictions: Flux and Spectrum 
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Backup
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DC 3rd publication
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Reactor Prediction
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Feature in Spectrum
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23T. Lasserre

Reactor Anomaly I
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Reactor Anomaly II
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