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The Double Chooz reactor-based oscillation experiment searches for an elec-
tron antineutrino disappearance signal to investigate the neutrino mass matrix
mixing angle θ13. Double Chooz’s reported evidence for this disappearance is
generally interpreted as mass-driven mixing through this parameter. However,
the electron antineutrino candidates collected by the experiment can also be
used to search for a signature of the violation of Lorentz invariance.

We study the sidereal time dependence of the antineutrino signal rate and
probe Lorentz violation within the Standard-Model Extension (SME) frame-
work. We find that the data prefer the sidereal time independent solution, and
a number of limits are applied to the relevant SME coefficients, including the
first constraints on those associated with Lorentz violation in the e− τ mixing
sector.

1. Double Chooz

The neutrino Standard Model can successfully describe all precision neu-

trino oscillation measurements to date. Knowledge of the mixing angle θ13

represents the last requirement before a measurement of CP violation in the

lepton sector can proceed. A measurement of θ13 is therefore critical, and

a worldwide effort in the form of short-baseline reactor-based1 and long-

baseline accelerator-based2 experiments has been undertaken to accomplish

this goal.

The Double Chooz reactor antineutrino experiment employs two

4.25 GW reactors in the north of France near the border with Belgium

as an antineutrino source. A liquid-scintillator-based far detector, located

about 1050 m southeast of the cores, is used to detect the antineutrinos.

We briefly describe the main features of the Double Chooz far detector

below. Details of the Double Chooz experiment can be found elsewhere.3

http://arxiv.org/abs/1307.5805v2
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Double Chooz is designed to detect the interaction of reactor electron an-

tineutrinos with free protons via inverse beta decay (ν̄e + p → e+ + n)

resulting in the coincidence of a fast positron annihilation and delayed neu-

tron capture on a gadolinium or hydrogen nucleus.4

The detector is made up of four layers of concentric cylinders. The

innermost region is the antineutrino target volume, where a 10.3 m3 acrylic

tank is filled with gadolinium-doped liquid scintillator. The next layer is

the “gamma-catcher,” where a 55 cm thick volume of liquid scintillator

is used to fully reconstruct gamma rays originating in the antineutrino

target region. The third layer is a 105 cm thick mineral oil buffer, where

390 10-inch PMTs are located. Then, after a stainless steel wall, there is

a 50 cm thick inner veto region, where 78 8-inch PMTs are installed in

the liquid scintillator to detect particles originating from the outside. The

dominant backgrounds are spallation products, stopping muons, and fast

neutrons. However, these backgrounds are directly constrained from the

Double Chooz reactor-off data.5

2. Sidereal variation analysis

Double Chooz has excluded the no-oscillation hypothesis at the 2.9σ level.3

The analysis reported here is based on the same data set and is used to

look for a sidereal time dependence among the 8249 antineutrino-induced

inverse beta decay candidates. An observed sidereal time dependence of an

experimental observable is widely considered a smoking gun of Lorentz vio-

lation. The analysis is performed under the SME formalism.6 The relatively

small observed oscillation signal allows the effective Hamiltonian to be ex-

panded with each oscillation channel written as one matrix element.7 The

disappearance can be written in terms of two oscillation channels, assuming

there are no neutrino-antineutrino oscillations:

P (ν̄e → ν̄e) = 1− P (ν̄e → ν̄µ)− P (ν̄e → ν̄τ ) (1)

This allows access to the e − τ sector of SME coefficients for the first

time. The disappearance signal is found to be compatible with the time-

independent solution (Figure 1) and limits on combinations of SME coeffi-

cients in the e − µ and e− τ sectors are extracted.8

3. SME coefficient limits

Using the limits reported in the Double Chooz analysis,8 we extract the

upper limits on each individual SME coefficient. Table 1 shows the results.
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Fig. 1. The electron antineutrino disappearance probability as a function of sidereal
time overlaid with the best fit curves.8 The solid curve (e − τ best fit) assumes all
Lorentz violating oscillations occur in ν̄e → ν̄τ , and the dashed curve (e − µ best fit)
assumes all Lorentz violating oscillations occur in ν̄e → ν̄µ. Both fits are dominated by
the sidereal time independent terms.

Table 1. The extrapolated SME coefficients from the Double Chooz
analysis. We use 4.2 MeV as the average antineutrino energy.

SME coefficients e− τ fit e− µ fit

Re(aL)T or Im(aL)
T 7.8×10−20 GeV —

Re(aL)X or Im(aL)
X 4.4×10−20 GeV 1.6×10−21 GeV

Re(aL)
Y or Im(aL)

Y 9.0×10−20 GeV 6.1×10−20 GeV
Re(aL)

Z or Im(aL)
Z 2.7×10−19 GeV —

Re(cL)
XY or Im(cL)

XY 3.4×10−18 —

Re(cL)
XZ or Im(cL)

XZ 1.8×10−17 —
Re(cL)

Y Z or Im(cL)
Y Z 3.8×10−17 —

Re(cL)
XX or Im(cL)

XX 3.9×10−17 —
Re(cL)

Y Y or Im(cL)
Y Y 3.9×10−17 —

Re(cL)
ZZ or Im(cL)

ZZ 4.9×10−17 —
Re(cL)

TT or Im(cL)
TT 1.3×10−17 —

Re(cL)
TX or Im(cL)

TX 5.2×10−18 —
Re(cL)

TY or Im(cL)
TY 1.1×10−17 —

Re(cL)
TZ or Im(cL)

TZ 3.2×10−17 —

The fit is done separately by assuming ν̄e → ν̄τ oscillation only or

ν̄e → ν̄µ oscillation only. Therefore, there are two sets of relevant SME

coefficient limits. With regard to the latter case, since a Lorentz violation

analysis with the MINOS near detector9 reports an order of magnitude

higher-sensitivity for (cL)
µν
eµ due to their higher energy beam, we set these

coefficients to zero. Therefore, we do not report limits on (cL)
µν
eµ . Also, there

is no time-independent limit in the e−µ sector reported since Double Chooz
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does not provide a limit on the time-independent amplitude.

To extract each limit, we set all SME coefficients but one to zero. In

this way, the real part and imaginary part have the same constraints. With

this study, all oscillation channels have associated SME coefficient con-

straints, and it can now be considered challenging to discover Lorentz vio-

lation with a terrestrial-based neutrino experiment. However, there is still

room to search for Lorentz violation with neutrinos. That is, there are

manifestations of Lorentz violation which do not affect neutrino mixing

and cannot be constrained with neutrino oscillation experiments. The most

famous example of this is neutrino time-of-flight measurements.10 Also, if

we admit Lorentz violation is only a second-order effect of neutrino oscil-

lations, behind neutrino mass, a perturbative approach in searching for a

small Lorentz violation may be more efficient.11

In conclusion, a search for Lorentz violation has been performed using

the Double Chooz data. No evidence for this process has been observed.

The results are used to extract limits on the relevant SME coefficients, and

Lorentz violation in the e − τ mixing sector are constrained for the first

time. With the addition of this analysis amongst the world’s data, Lorentz

violation has been tested in all oscillation channels.
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