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Niobs (Niexp) are the observed (expected) number of IBD in the ith energy bin, Mij is the covariance Matrix and Niexp is proportional to the expected number of antineutrinos without
exp
oscillations, nexp
,
and
to
the
average
survival
probability.
Also,
we
write
N
as follows
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Niexp = nexp
i Pi (θ13 , ∆mee , L) + f (1 , . . . , 4 ), where the last term is a correction due to the
background sources. Eight systematic uncertainties are considered in the second and third
terms of χ2R+S, using pull parameters x. The fourth term in (2) is the contribution when
the two reactors are turned off. We report the minimization of the function χ2R+S and its
level curves Fig. 1.

Figure 2: It is shown the behavior of the χ2R+S statistics for RENO and its confidence
regions up to 68, 95 and 99% of C. L. for (sin2 2θ13, ∆m2ee).
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Daya Bay analysis

The Daya Bay experiment uses the reactors of the Daya Bay and the Ling Ao Nuclear Power Plants. Their most recent result [6] are sin2 2θ13 = 0.0856 ± 0.0029 and
∆m2ee = 2.522+0.068
−0.070 . Two antineutrino detectors (AD) are located in near (n) experimental
halls EH1 and EH2, and four in the far (f ) hall (EH3), [7]. Three databases have been
taken, following different configurations: 6-AD (217 days), 8-AD (1524 days) and 7-AD
(217 days). We have taken into account those periods separately in a χ2 defined by, [8],
χ2DB = ∑ (Njf − ωj Njn) (V −1)ij (Nif − ωiNin) ,

(4)

i,j

where:
f (n)
• Ni
is the i-th observed number of events without background of positron energy
E rec,
• Vij is the covariance matrix, includes all the known uncertainties and,
• ωi is a weight that accounts differences between near and far measurements.
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Figure 1: It is shown the behavior of the χ2DC statistics for Double Chooz and its confidence regions up to 68, 95 and 99% of C. L. for (sin2 2θ13, ∆m2ee) for Full Covariance
Matrix analysis. This graph is an improvement of the shown in [2]. This is because we
have used a three mixing model and we have taken in account the Double Chooz collaboration suggestions. In this case, we do not obtain two disjoint regions and the value for
∆m2ee is in good agreement with the currently acepted value.
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Abstract
Through a global statistical analysis from the public experimental data of the
three LBL reactor experiments, Daya Bay, Double Chooz and RENO. We obtain
the Daya Bay, Double Chooz and RENO confidence regions for the neutrino oscillation mixing angle θ13 and the effective squared mass difference ∆m2ee in the three
neutrino mixing model. Our single results are consistent with those published by
the collaborations and corroborate that this statistical analysis improves individual
results.

The main objectives of Double Chooz, RENO and Daya Bay experiments are the precise
measurement of the mixing angle θ13 and the ∆m2ee, [1][2].
These experiments detect reactor Anti-neutrinos by means of Inverse Beta Decay, measuring the positron kinetic energy produced. The three-flavor survival probability P of a
ν e with energy Eν (MeV) after traveling a distance L(m), is given by

Where Niobs are the observed number of IBD in the ith energy bin at the far detector, and
Niexp are the expected number of IBD in the far detector. The latter is constructed from
individual contributions of the six reactors Φi,j , wich are properly weighed. We report the
minimization of the function χ2R and its level curves Fig. 3.

(1)

where θ12 and ∆m212 are fixed by others experiments. The average survival probability in
the ith energy bin, P i is used to determine oscillation parameters.

Double Chooz

The Double Chooz collaboration determined sin2(2θee) = 0.090+0.032
−0.029 , without showing
2 4
−3
confidence regions and using the value obtained by MINOS of 2.44+0.09
−0.10 × 10 eV /c for
∆m2ee in a simplified two flavor mixing model, [3]. Double Chooz was designed to run
with two detectors located at LF = 1050 m, (Far), and LN = 400 m, (Near). We use only the
Double Chooz far data in χ2 tests to determine both sin2(2θ13) and ∆m2ee as well as their
confidence regions1. The experiment measures visible energy between 0.5 and 20 MeV,
divided into 40 bins. The Rate + Shape analysis is determined by the function
χ2DC =
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40 40

exp
∑ ∑ (Niobs − Ni ) Mij−1 (Njobs
i=1 j=1

− Njexp) + χ2δE (a, b, c) +

2k
∑ 2 + χ2off.
k=1 σk
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RENO analysis

The RENO collaboration determined sin2(2θee) = 0.0896 ± 0.0067 and 2.68 ± 0.13 ×
10−3eV2/c4 for ∆m2ee, [5]. RENO runs with two detectors and six nuclear reactors in
a linear configuration. We use only the RENO far data in χ2 tests to determine both
sin2(2θ13) and ∆m2ee as well as their confidence regions. The experiment measures visible
energy between 1.2 and 8.0 MeV, divided into 26 bins. The analysis is determined by the
function
2
26 (N exp − N obs )
6
i
i
exp
2
χR = ∑
(3)
; Ni = ∑ ωj Φi,j
2
σi
i=1
j=1

Introduction
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Table 1: Oscillation parameters found with the χ2 statistics for each experiment and the
combined analysis. In all cases, the ∆m2ee units are 10−3eV2/c4.
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1.27∆m2eeL
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4
P (ee) = 1 − sin (2θ13) sin (
) − cos θ13 sin (2θ12) sin (
)
Eν
Eν

Daya Bay Double Chooz
RENO
Combined
χ2minimum/D.O.F. 148.92/124
40.09/39
15.9/25
198.92/192
sin2(2θ13)
0.0859
0.0657+0.0246
0.0900+0.0090
0.0846
−0.0208
−0.0096
+0.135
∆m2ee
2.52
3.02+0.51
2.75
2.59
−0.45
−0.115
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Our analysis is independent of external information and its results agrees with those currently accepted by the community.
We used Double Chooz data to determine both sin2(2θ13) and ∆m2ee without any restrictions from other experiments, [2].

This work might contain elements of a future unified analysis with another experiments,
such as T2K and Super-Kamiokande.
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Figure 4: It is shown the behavior of the χ2 statistics for the Daya Bay + Double Chooz +
RENO and its confidence regions up to 68, 95 and 99% of C. L. for (sin2 2θ13, ∆m2ee) for
Full Covariance Matrix analysis.
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(2)

the Double Chooz collaboration has published new results for θ31 value based on total neutron capture detection [4]. That results were not taken into account in this work.
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Combined Analysis

Finally, the Combined analysis is defined by:
χ2T ot = χ2DC + χ2REN O + χ2DB
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