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Neutrino oscillations
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U=matrice PMSN : 3 angles,1 CP phase + 2 mass differences

The future quest for θ13

Accelerators        Reactors
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50 years of the neutrino experiments at nuclear reactors.



Chooz experiment (1995-1998) 

@∆m2
13 = 2*10-3 eV2

sin2(2θ13) < 0.2 

(90% C.L)

νe → νx

M. Apollonio et. al., Eur.Phys.J. C27 (2003) 331-374 

R = 1.01 ±  2.8% (stat) ±  2.7% (syst.)

ee νν
____

→

Disappearance experiment
P=8.4GW. L=1.05 km. M=5 t  @300 m.w.e.



  

Data taking -  CHOOZ experiment

Reactor 1 Reactor 2 Time  (days)

ON ON 64,3

ON OFF 85,8

OFF ON 49,5

OFF OFF 142,5

Background: (2.02 ± 0.12) ev./day    Effect / Bkg > 10

Main problem: instability of the Gd-loaded scintillator



New concept of the reactor 
experiment:

how to improve the results of CHOOZ

L.A.Mikaelyan and V.VSinev arXiv:hep-ex/9908047v1 11-Aug-1999
Talk given at the International Conference on Non-Accelerator New 

Physics, NANP-99, Dubna, (28/06-03/07)-1999.

The White Paper «A new reactor neutrino experiment to measure θ13»  
hep-ex/0402041 (2002)

Double CHOOZ Proposal  hep-ex/0606025 v2 20-June-2006



Two identical detectors 

Near detector Far detector













  

νe detection at reactor experiments

Detection by “inverse beta”
ν e + p → e+ + n

Prompt photons from e+ and two  
annihilation gammas (2 * 511 keV)
Evis = Eν - 0.78 MeV +  O(Ee/mn)

Delayed photons from n capture on 
dedicated nuclei (Gd)
∆t ~ 30 µs     <E> ~ 8 MeV

P=8GW ⇒Nν~1021s-1 on all solid angle



Far detector status
 Filling of the detector was finished at the end of 2010.
 Detector commissioning is completed in April 2011. 
 More than 100 full days of physics collected. 
 Outer veto is installed and commissioned in  May 2011.
 Singles rates (after vetoing muon-correlated events): 

      ~10 Hz       in the [0.7÷12] MeV - prompt signal             

      < 0.01 Hz   in the [ 6÷12]  MeV  - delayed signal



  

Antineutrino Candidates Selection

  Discard all triggers in 1 ms after each muon (mainly tagged by inner veto)

  Prompt   signal within [0.7 – 12] MeV

  Delayed signal within [6 – 12] MeV

  Time coincidence window between prompt and delayed  [2 – 100] µs

  Multiplicity condition:

– No trigger (E > 500 keV) within 100 µs before prompt signal

– Only one trigger (E > 500 keV) within 400 µs after prompt signal  











October-2011: Both reactors OFF (~ 1 day) :
 3 events found

Estimated background (~100 days) = (3.3 ± 1.3) ev./day

to be compared:  CHOOZ (142.5 days)  = (2.02 ± 0.12) ev./day





  



  



  

Analysis with far  detector only

CLsysstat %68@)(042.0)(029.0085.0)
13

2(2sin ±±=Θ
Rate + Shape analysis:

Rate only:

CLsysstat %68@)(073.0)(029.0093.0)2(sin 13
2 ±±=Θ



                   Combined analysis:  DCHOOZ + T2K + MINOS

The probability  Θ13 = 0
is excluded @ 3σ level

- T2K + MINOS

- DCHOOZ + T2K + MINOS



Near Lab. construction started 29th of April.

Near detector expected to be ready at the end of 2012.







Conclusions

 November 2011: First Double Chooz result was presented

 The Near Detector will be operational by early 2013
 With only 2 reactors, Double Chooz will have a chance to 

measure the background

CLsysstat %90@)(042.0)(029.0085.0)2(sin 13
2 ±±=Θ



Backup slides



Daya Bay status (NNN11)
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Site in French Ardennes

East Reactor
West Reactor

351 m

465 m

115 mwe
Flat topology

300 mwe
Hill topology

1115 m
998 m

Far

Near

Iso - Near/Far flux
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