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 Neutrino oscillation & the mixings → q
13

 Reactor experiments → 
e
 disappearance channel →  q

13

 Next to come reactor experiments:
Daya Bay, Double Chooz, RENO (Angra not included here)

 First comparison of different experiments on a same baseline

● The statistical method

● The 2 structure

● Computing q
13

 sensitivity

● Inputs: Reactors – Detectors – Backgrounds – Systematics

● Outputs: sensitivity – robustness w.r.t. systematics



 

Neutrino oscillations & θNeutrino oscillations & θ
1313
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) < 0.11 @ 90 % C.L.
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Global analysis + best fit Δm2

sin22θ
13
≲ 0.11

(mainly from reactor experiments)



 

Reactor experiments & the Reactor experiments & the ννee channel channel
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The remaining fourThe remaining four

Angra

Double Chooz

1ère generation: sin2(2θ13) ~ 0,02-0,03

2ème generation: sin2(2θ13) ~ 0,01 

RENO

Daya Bay

October 2006

KasKa

Braidwood

Diablo Canyon

Kr2Det

From 2001 to 2007
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AngraAngra Daya BayDaya Bay

Double ChoozDouble Chooz RENORENO

First
generation

Second
generation

Aim on
sin2(2q

13
)

0.02 - 0.03

< 0.01

The remaining fourThe remaining four

=> Statistical and systematical errors → below the percent



 

The 1The 1stst common comparison  common comparison –– The Method The Method
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Sensitivity
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Background
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Spent Fuel

Backgrounds
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) such that Δχ2 = 2.71 (1 d.o.f., 90 % C.L.)
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The The   χχ22

Data-Theory Systematic shifts

Systematic
weights

+ + ...



The inputs:The inputs: experiment site setups experiment site setups

Daya Bay

Double Chooz RENO

Phase I Phase II

80 m.w.e. 300 m.w.e. 230 m.w.e.

675 m.w.e.

255 m.w.e.

291 m.w.e.

541 m.w.e.

923 m.w.e.4.27 GW
th

2.73 GW
th

2.9 GW
th



 

The inputs:The inputs: Systematics Systematics

Detector correlated systematics

Theoretical knowledge
on reactor anti-neutrino
spectrum

Detector
common
calibration
(energy scale)

Detector
relative
calibration
(energy scale)

Reactor power and fuel
composition

assumed
uncorrelated
among reactors

Detector uncorrelated

Common systematics used for all the experiments

Special systematics


rel 

from 0.4 % to 0.6 %

Relative error on 
e
 rate

between detectors



 

The inputs: The inputs: Backgrounds rescalingBackgrounds rescaling



Baseline sensitivityBaseline sensitivity

Daya Bay

Double Chooz RENO

Phase I Phase II

0.028

0.041 0.011

("0.02 - 0.03")

("0.008")("0.035")

our computations

("quoted sensitivity
in publications")

legend

0.021



Pulls analysis: Relative contribution to Pulls analysis: Relative contribution to χχ22

Contribution of the
“weigths” of the
systematics to the χ2 

●Allows to stress out systematics which affect the most the θ
13

 sensitivity
● Reactor power uncertainties
● Detector relative normalization uncertainties
● Detector energy scales



Sensitivity robustness w.r.t. systematicsSensitivity robustness w.r.t. systematics
Double ChoozDouble Chooz



Sensitivity robustness w.r.t. systematicsSensitivity robustness w.r.t. systematics
Daya BayDaya Bay

(2 x 20 t)

(2 x 20 t)
(2 x 20 t)

(2 x 20 t)

(4 x 20 t)



Sensitivity robustness w.r.t. systematicsSensitivity robustness w.r.t. systematics
RENORENO



Global conclusionGlobal conclusion

➔ 3 first generation experiments: Double Chooz, RENO
sensitivity ~ 0.02 to 0.03 (depending on sytematics, Δm2 value, and backgrounds)
and Daya Bay Phase I with sensitivity ~ 0.04 to 0.05 (1 year) ~ 0.03 to 0.035 (3 years)

● A second generation experiment: Daya Bay with forseen sensitivity ~ 0.01.

➔ To go below 0.01 with reactor experiments seems difficult.

arXiv:0704.0498v1 [hep-ex] arXiv:0704.0498v1 [hep-ex] 



Specific conclusionSpecific conclusion

➔ Double Chooz: ~ 0.02-0.03

➔ Few reactors, good relative power. Overburden sufficient.

➔ Detector locations => insensitive to fuel composition and power uncertainties of the cores;
Full performence of the far detector position (for Δm2 > 2.5 10-3 eV2) for a 0.02-0.03 sensitivity.

➔ To go below 0.01, one need to go farther...

➔ RENO: ~ 0.02-0.03

➔ Good site: overburden/available power.

➔ Core locations = disfavorable (same sensitivity with only the 2 central cores of the NPP)

➔ Sensitive to fuel composition and power uncertainties of the cores (even with 3 small detectors of 200-300 kg).

➔ => even with 2 x more events than DC, same field of sensitivity as DC.

➔ Daya Bay Phase I (?): ~ 0.03-0.05 (1 to 3 years?)

➔ Clearly suffers from the NPP cores spread.

➔ Sensitive to a lot of systematics => sensitivity will rely on difficult analyses, estimations of all these 
systematics

➔ 2 x 40 tons is already a large experiment...!

First generation



Specific conclusionSpecific conclusion

➔ Daya Bay: ~ 0.01 

➔ Very good site for its overburden

➔ The power appealing is a lure especially for Daya Bay Phase I: the 2 cores of Daya Bay alone (w/o LA I) gives a better 
sensitivity

➔ It remains some impact of the uncertainty on the NPP core powers on the sensitivity

Second generation


