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Abstract

We show that the relatively large best fit value of sin? 26013 = 0.14(0.17) measured in the T2K ex-
periment for fixed values of i) the Dirac CP violation phase § = 0, and ii) the atmospheric neutrino
mixing parameters 6r3 = /4, |Am%2| =2.4 x 1073 eV2, can be reconciled with the Daya Bay result
sin? 2613 = 0.090 £ 0.009 if the effects of non-standard neutrino interactions (NSI) in the relevant v, — v,
and vy, — v, oscillation probabilities are taken into account.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.

1. Introduction

Recently the T2K Collaboration reported a measurement of the reactor neutrino mixing angle
013 based on their latest v, — v, oscillation data [1]. Fixing the values of i) the Dirac CP vio-
lation (CPV) phase § = 0, ii) the atmospheric neutrino mixing angle 0,3 = 7 /4, iii) sin? 012 =
0.306, iv) Am3; =7.6 x 1072 eV? and v) |[Am3,| = 2.4 x 1073 eV?, the T2K Collaboration
found:
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sin® 2613 = 0.14070 033 (0.17070033). (1)

where the value (the value in brackets) corresponds to neutrino mass spectrum with normal (in-
verted, IO) ordering (NO). The best fit value of sin® 2613 reported by the T2K Collaboration is
significantly larger than that measured in the reactor neutrino experiments Daya Bay, RENO and
Double Chooz [2-4]. The most precise determination of sin® 2613 was reported by the Daya Bay
Collaboration [2]:

sin® 263 = 0.090™( 005 )

Given the uncertainty in the T2K result, Eq. (1), the difference between the values of sin? 2013
obtained in the T2K and Daya Bay experiments does not seem to be irreconcilable and the most
natural explanation of this difference can be attributed to setting § = 0 and 6,3 = /4. Indeed,
the global analyses of the neutrino oscillation data, including the data from T2K and Daya Bay,
performed in [5,6] found a hint for non-zero value of é and for a deviation of 6,3 from v /4: for the
best fit values of § and sin? 0>3 the authors of [5] obtained § ~ 37 /2 and sin? 63 =0.42 — 0.43.
Similar results were obtained in [6].

On-going and future neutrino experiments [1,7,8] have the physics potential to improve the
data on the leptonic CP violation phase § and thus to test the indications for § ~ 37 /2 found in
the global analyses [5,6].

In this letter we would like to entertain a different possibility, namely, that the difference
between the values of sin® 2613 found in the T2K experiment for § = 0, 6,3 = 7 /4, etc., and
in the Daya Bay experiment is due to the presence of new physics in the neutrino sector. More
specifically, we consider the effects of non-standard neutrino interactions (NSI) [9,10] on the
Ve — V. and v, — v, oscillation probabilities and show how the values obtained in the two
experiments can be reconciled.

2. Basic formalism

In what follows we consider the analytic treatment of Non Standard Interactions (NSI) as
described in [11], where it was assumed that NSI can affect both neutrino production and de-
tection processes. Matter effects can be safely neglected in the v, — v, and v, — v, oscillation
probabilities, relevant for the interpretation of the Daya Bay and T2K data of interest.

Effects of NSI can appear at low energy through unknown couplings 44, generated after inte-
grating out heavy degrees of freedom. These new couplings can affect neutrino production s and
detection d [10], so the neutrino states are a superposition of the orthonormal flavor eigenstates
[ve), vy) and |vg) [12—-14]:

e =l + D eglvg) =[(1+ )W), 3)
B=e,u,T

(il =1+ D edgtval = [1(1+£)], @
a=e,i,T

The oscillation probability can be obtained by squaring the amplitude (vg|e’iﬂ Liysy:

Pyt = |08l R = (14 ), (e 0) 5 (14 )
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Since the parameters &}, and ege receive contributions from the same higher dimensional
operators, one can constrain them by the relation:

s dx _ i
Eoq = Ego = Eea® Peo (5)

e and ¢ being the modulus and the argument of €, . For g,4 there exist model independent
bounds derived in [15], which at 90% C.L. read:

fee <0.041, £, <0.025, e <0.041,
|efd] <0.026,  |end| <0.078,  |ehd] <0.013, (6)

whereas for the CP violation phases ¢,y no constraints have been obtained so far. These bounds
can be further improved, e.g., by future reactor neutrino experiments [12] and at neutrino facto-
ries [16], especially the bounds on non-diagonal couplings which are expected to be constrained
at the level of O(1073). Recently it was shown in Ref. [17] that the bound on &, can be improved
by almost an order of magnitude by the most recent data of the Daya Bay experiment [2], i.e.
£ee <3.6 x 1073 at 90% confidence level.

In the case of the Daya Bay setup, the relevant features of the v, — v, survival probability at
the far and near detectors can be already caught keeping terms up to O (¢) in the expansion in the
small couplings |8;’,§1| and neglecting terms of O(Am%l/Amgl) and of O (e sin® 03, sin 63).

On the other hand, for the T2K setup, the correct dependence on the Dirac phase § is repro-
duced keeping the first order terms in Am%l, as discussed in [11].

In the limiting case €., = 0 (which is a good approximation since |€ee COS Pee| < 0(10_3)
[17]), the v, — v, survival probability can be written for § =0 as:

~ Am2 L
P, — 7,) =1 —sin?20;3 sin2|:4—E3]:|, (7)

v

where [18]

sin? 26013 = sin® 2013 + 4¢,,, sin 2013 sin 623 cos 2013 cos(Pey.)

+ 4., sin 2013 cos 623 cos 26013 coS(Per ). (8)

The terms involving the parameters &, and €., can affect significantly the determination of the
reactor angle 613, as pointed out in [17,18]. Depending on the phases ¢, and ¢., relatively
large values of ¢, and &.; can lead to smaller (for ¢, = ¢.r = 0), equal (for ¢ey, >~ ¢er + 7
and &, = €. ) or larger (for ¢y = ¢or = ) values of ;3 than those obtained in the standard
case of absence of NSI.

The oscillation probability P (v, — v,) relevant for the interpretation of the T2K data on
sin? 2013, can be written for § =0, Am%1 / |Am§1 < 1 and taking into account the NSI as:

Am? L
P (v, = ve) == sin® 623 sin” 263 sin’ 4—21 + Py+ Py, ©)

where Py and P; include respectively the zero and the first order contributions of the NSI,
derived for Am%lL /(4E)) < 1. Indeed, for the neutrino energy of E, = 0.1 GeV we have:
Am3,L/(4E,) =2.7 x 10~ for L = 0.28 km, and Am3,L/(4E,) = 0.28 for L =295 km.
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Using the constraints given in Eq. (5) and defining s;’; = |82’;| exp(i q‘);‘;), we get:

AmZ L
Py = —4|£Ze| sin 63 sinf»3 cos(qbfw) sinz[ﬁ}

Am3, L Am?2, L
_ 4|8,‘ie| sin @3 sin 63 sin(qbfw) sin|:4—E31:| 008[4—113\1;]
2
M}

— 4€¢y, 51N 013 5in 623 COS (e ) COS 2623 sin?
4E,

. . . . [Am3L Am3| L
— 4&,y sin 013 sin 023 sin(Pe, ) Sin iE, cos 1E,

. .2 . 2 Am%ll‘
+ 8&,1 sin 13 sin” 023 c0s 623 COS(er ) SIN“ | ——=——

v

} + O(esin*013) + O(e?), (10)

2
m21L
2F,

P =- |efw‘ sin 2612 cos 63 sin ¢,

. 5 Am3 L . [Am3L
+ 2&¢y, 8in 2601 sin” 623 c0s 623 COS Py sin

4E, 2E,

. _ Am3,L 5 o [AmEL
+ &y 81N 2017 COS 023 Sin ey E 1 — 2sin” 63 sin —AE.

v v
Am? L AmZ L
21 sin[ 31 ]

~+ 2¢&,; sin 2601, sin 63 cos? 023 COS et

4F, 2F,
26, 5in 2013 sinfss cos? brs sin Am3 L L[ Am3L
Eer SIN 2017 sin 623 cOs~ B23 Sin @1 2L, sin IE,
Am3 L
+ 0| esinf3—2—) + 0(?). (11)
4E,

In the previous equations, the Py term encodes the correlations between 613 and the new physics
parameters so, as in the Daya Bay case, we expect a significant impact of degeneracies on the
determination of the reactor angle. The term Pj is subleading, whose magnitude is controlled by
Am3,L/(4E,) < 1.

3. Fit results

As we can see from the previous formulae, the parameter space for NSI relevant for our anal-
ysis consists of six parameters, the moduli .., &er, efw and the phases ¢ey, Per, qbfl .- However,
for the illustrative purposes of the present study it is sufficient to consider a smaller parameter
space with just two independent NSI parameters, specified below. We consider two different sce-
narios: one in which a large sin? 263 = 0.14 (sin26;3 = 0.17) for NO (IO) can be reconciled
with both the Daya Bay and T2K data and a second where we assume that sin® 2613 = 0.09.

3.1. The case ofsin2 26013 =0.14(0.17)

In this case we reduced the parameter space assuming:

8:8811,:821':8;6’ ¢:¢eu:¢er, fw:(l (12)
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Fig. 1. Allowed regions in the ¢—log((e) plane, where ¢ and ¢ are respectively the modulus and the phase of the NSI
parameter, at 1o, 20 and 30 confidence level (C.L.) for 1 dof fitting the data of the Daya Bay and the T2K experiments
in the case of NSI with NO. The best fit points correspond to the crossed points. The vertical lines are at log;ge =
lOgIO 0.025.

The choice of the parameter space is not completely arbitrary. For the large 613 case we need
relatively large NSI effects to obtain an effective reactor angle satisfying the Daya Bay measure-
ment.

In Fig. 1 we show the best fit points and the 1, 2 and 30 confidence level regions for 1
degree of freedom (dof) after performing a combined fit to the Daya Bay [2] and T2K [1] data
(see Appendix A for a detailed description of the fitting procedure). In the left panel of Fig. 1
we fixed sin? 61 = 0.306, Am3, = 7.6 x 1075 eV, sin? 63 = 0.5, |Am2,| = 2.4 x 1073 eV?2,
8 = 0 and sin? 26,3 = 0.140, whereas in the right panel we allowed ;3 to vary freely, using the
mean value and the 1o error as determined in the T2K experiment, sin? 291T32K =0.140 £ 0.038.

Results in the case of inverted hierarchy are shown in Fig. 2; the procedure adopted is the
same as the one used to obtain Fig. 1, the only difference being that the fixed value of the reactor
angle is now at sin? 26013 = 0.170 and that, when 013 is left free to vary, we used sin? 2491T32K =
0.170 £ 0.045.

As it can be seen, in the left panels of Figs. 1 and 2, the same value of 613 can give a good
description of both Daya Bay and T2K data under the hypothesis of relatively large ¢ and for a
phase ¢ which is almost CP conserving.

Since we are adopting the preferred T2K value of 63, it is necessary to allow for relatively
large NSI couplings to reconcile sin®260;3 = 0.14 (sin?260;3 = 0.17) with the Daya Bay event
distribution. On the other hand, our choice of couplings, Eq. (12), does not lead to a significant
change of the fit to the T2K data.

In the case we vary freely 613 (see Appendix A for details) the sensitivity to ¢ is significantly
reduced (with the smallest statistical sensitivity at ¢ ~ 1), due to the strong correlation between
013 and the NSI parameters [17]. That means that there exist a vast parameter space for NSI for
which the data can be fitted simultaneously at the price of changing accordingly the value of ;3.
To give an example, at the best fit point we get: sin® 2613 = 0.113 (sin? 2013 = 0.130) for the NO
(IO) spectrum.
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Fig. 2. Same as Fig. 1 but for IO.

Table 1

Best fit points for the (log;( €, ¢) parameters obtained in our analysis. NO refers to Fig. I,
10 to Fig. 2.

(logjq €, @) best fit Left panel Right panel
NO (—1.64,3.18) (—1.98,3.20)
10 (—1.44,3.34) (—1.74,3.32)

The values of ¢, ¢ at the NO(IO) best fit point are given in Table 1. We notice that the
confidence level regions are slightly shifted to the left (right) if instead of the assumption in
Eq. (12) we impose: g¢;, = 26¢r = sfw, Qey = Per and ¢fw =0 (gep =8er = sfw, QPep = Per and

e =T/2).

To demonstrate that for the obtained values of the NSI parameters one can describe both
the Daya Bay and T2K results, including the spectra, in the Left Panel of Fig. 3 we show the
oscillation probability P(v, — V.) as a function of Leg/E, [2] for the NSI model (solid red
line) for NO spectrum and in the absence of NSI (“standard result” (SR)) (dotted black line); the
mixing parameters are fixed as follows: sin? 612 = 0.306, Am%l =7.6 x 1075 eV2, sin? 63 =
0.5, |Am3,| =2.4 x 1072 eV2, § = 0 and sin® 2013 = 0.140, £,y = £ = £5, = 1071, ¢, =
$er = 3.18 and ¢, = 0. The triangular, square and circular data points refer to the EHI, EH2
(near detectors) and EH3 (far detector) Daya Bay locations and have been taken from [2]. The
Right Panel of Fig. 3 has been obtained using the same values for the standard oscillation and
NSI parameters and shows the number of candidate events in the appearance channel of the T2K
experiment. The SR result with sin? 2013 = 0.090 is shown with the dot-dashed line in the left
panel and the T2K best fit curve is represented with the blue line in the right panel. As it is clear
from these figures, the Daya Bay and the T2K spectral data are well reproduced.

3.2. The case of sin” 2013 = 0.09

In the case of small 613 we reduced the parameter space assuming:

E=E&ep = 8;26, ger # 0, Qep = ¢fw =T, Ger = 0. (13)
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Fig. 3. Left panel. Oscillation probability P (v, — V) as a function of Legr/ E), for the NSI model (solid red line) and the
SR with sin? 2613 = 0.140 (dashed black line) and with sin? 2613 = 0.090 (dot-dashed black line). The triangular, square
and circular data points refer to the EH1, EH2 and EH3 locations and have been taken from [2]. Right panel. Number of
ve candidate events as a function of the neutrino energy for the NSI model (solid red line), the SR (dashed black line) and
the T2K best fit curve (solid blue line), the three curves being almost superimposed. The T2K data and the errors have
been taken from [1]. See the text for further details. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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Fig. 4. Allowed regions in the log|(&cr—logoe plane, where & and ¢ are respectively the modulus and the phase
of the NSI parameter, at 1o, 20 and 30 confidence level (C.L.) for 1 dof fitting the data of the Daya Bay and the
T2K experiments in the case of NSI with NO. The best fit points correspond to the crossed points; the vertical lines
are at logj e = log;(0.025, the horizontal lines at logy&er = log(;0.041. The circular and triangular points are at
(logjg €, logjg ger) = (—1.63, —1.63), (—1.80, —1.80), respectively.

In the case of small 63 the choice in Eq. (13) is dictated by the need of minimizing the NSI effects
in the v, — v, survival probability, so that the results of the Daya Bay fit remain unaffected. In
the Left Panel of Fig. 4 we show the best fit points and the 1, 2 and 3o confidence level regions
for 1 dof after performing a combined fit to the Daya Bay and to the T2K data for NO fixing
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Table 2
Best fit points for the (log;( &, log|( &) parameters obtained in our analysis.

Best fit Left panel Right panel
(logjg ¢, logjg ger) (—1.36, —1.36) (—1.36, —1.36)

Number of v, candidate events
N
.
;

Number of v, candidate events
N
.
;

0 :iooo Lo 00 o 0 . L e 00 o
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200

E, [MeV] E, [MeV]

Fig. 5. Left panel. Number of v, candidate events as a function of the energy for the NSI model (solid red line) with
(logyg €, log g ger) = (—1.63, —1.63), the SR (dashed black line) and the T2K best fit curve (solid thin blue line). The
T2K data and the errors have been taken from [1]. Right panel. As in the Left Panel but using (logg €, log|oer) =
(—1.80, —1.80). See the text for further details. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

sin? 01 = 0.306, Am3, = 7.6 x 1075 eV2, sin’* 63 = 0.5, |Am3,| = 2.4 x 1073 eV2, 8§ =0 and
sin 2013 = 0.09. In the right panel of Fig. 4 we allowed 613 to vary freely.

We do not show the results for the IO spectrum, because, under the assumptions made for the
parameter space, Eq. (13), they are the same as in the NO case.

In contrast to the large 613 case, in order to reconcile the Daya Bay and the T2K spectral data
requires that the phase ¢.;, and ¢, are related through ¢, >~ ¢, — 7. This ensures that sizeable
NSI effects do not spoil the Daya Bay measurement of the reactor angle when &, ~ €;: in fact,
P(v, — v,) is reduced essentially to the standard expression and no significant effect has to be
expected from the NSI parameters at leading order. On the other hand, it is clear that relatively
large values of ¢ are needed to fit the T2K data.

We give in Table 2 the best fit points we obtained in our analysis for Fig. 4. Notice that they
are close to the current upper limits, reported with dot-dashed lines.

Finally, in Fig. 5 we show the number of candidate events in the appearance channel of the
T2K experiment (with mixing parameters fixed at the values discussed below Eq. (13)).

Since the best fit points are outside the current 90% C.L. bounds on the NSI parameters, we
show the spectra for two points within the NSI bounds: one point is located in the 1o region,
while the second is located in the 20 region (see Fig. 4). In the left panel of Fig. 5 we fixed
(logyp &, log g €er) = (—1.63, —1.63), in the right panel (log;q ¢, log;g &.r) = (—1.80, —1.80).
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The T2K best fit curve is represented with the blue line. As it is clear from these figures, the T2K
spectral data are well reproduced.

4. Conclusions

In the present paper we have analyzed the most recent data of the Daya Bay [2] and the
T2K [1] experiments with the aim to study the possibility that NSI effects can reconcile the
different values of the reactor angle reported by the two experiments. We recall that the best
fit values of sin? 2613 found in the experiments, sin? 2613 = 0.090 [2] and sin? 2613 = 0.140
(0.170) [1], differ by a factor 1.6 (1.9) in the case of NO (IO) neutrino mass spectrum. The
T2K result was obtained under the assumptions: i) the Dirac CP violation phase § = 0, ii) the
atmospheric neutrino mixing angle 6,3 = /4, iii) sin? 612 =0.306, iv) Am%l =7.6x 1073 eV?2
and v) |Am%2| =2.4x 1073 eVZ2. Given the uncertainty in the T2K result, the difference between
the values of sin?26;3 obtained in the T2K and Daya Bay experiments does not seem to be
irreconcilable and the most natural explanation can be attributed to setting § = 0 and 623 = 7 /4.
In this Letter we have entertained a different possibility, namely, that the difference between the
values of sin”26;3 found in the T2K experiment for § = 0 and in the Daya Bay experiment are
due to the presence of new physics in the neutrino sector in the form of non-standard neutrino
interactions (NSI). There are altogether six NSI parameters which can affect the v, — v, and
v, — V. oscillation probabilities, relevant for the interpretation of the Daya Bay and T2K data on
sin? 20;3: three complex, in general, NSI effective couplings, whose absolute values and phases
are ey, Eer, sfw and ey, Per, q‘)iw. We have considered two extreme cases: one where the true

value of 63 is sin? 26013 = 0.140 for NO (sin2 26013 = 0.170 for 10), and the other where the
true value is sin® 2613 = 0.090. With the aim of finding a minimal model with few new degrees
of freedom for each of the two cases, we have simplified the NSI parameter spaces, assuming
£ =Eey = Eer = efw, O = Pep = Pers ¢>fw = 0 for the large 03 case and ¢ = g, = 8fw, ger #0,
Pep = ¢Z ¢ =T, $er = 0 for the small 03 one. All other mixing parameters are fixed to sin? 012 =
0.306, Am3, =7.6 x 1075 eV, sin® 23 = 0.5, |Am3,| = 2.4 x 1073 eV?, § = 0. We have found
that, contrary to the interpretation that § = O is disfavored in the standard case, following from
the global analysis of the neutrino oscillation data [5,6], it is possible to find a good agreement
with both the hypothesis of large, sin> 2613 = 0.14 (0.17), and small, sin” 26,3 = 0.09, for § =0,
in well defined regions of the NSI parameter space. In a more general situation in which the NSI
can affect the neutrino flux in the near detector and without the restrictions we considered on the
parameter space, it will be possible to reconcile the Daya Bay and T2K data in a bigger region
of the NSI parameter space within the current upper bounds.

Given the relatively low statistics of the T2K v, — v, oscillation data, our results on the
possible NSI effects should be considered as very preliminary. Future experiments searching the
CP violation and/or NSI effects in neutrino oscillations will certainly provide a critical test of the
possible NSI effects discussed in the present article.
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Appendix A. The Daya Bay and the T2K experiments

The Daya Bay experimental setup we take into account [19] consists of six antineutrino de-
tectors (ADs) and six reactors; detailed information on the antineutrino spectra emitted by the
nuclear reactors and arriving to the detectors can be found in [20—22]. For our analysis we used
the data set accumulated during 217 days reported in [2], where the detected antineutrino can-
didates are collected in the far hall, EH3 (far detector), and in the near halls EH1, EH2 (near
detectors).

The antineutrino energy Ej, is reconstructed by the prompt energy deposited by the positron
Eprompt using the approximated relation [19]: E3, >~ Eprompt + 0.8 MeV. We adopt a Gaussian
energy resolution function of the form:

1 _ (Esz’)2
=————¢ 2°B) | (14)
o(E)v2m
witho (E) [MeV]=a-E+ 8- VE + y that, for Daya Bay, are (¢, 8, y) = (0, 0, 0.08) MeV. The
antineutrino cross section for the inverse beta decay (IBD) process has been taken from [23]. The

statistical analysis of the data has been performed using the GLoBES software [24] with the x>
function defined as [19]:

R°(E,E)

6 36 d d d 2
2 23 [Mi _Ti '(1+errar +&4) +ndl

Xbp(0. Am*. S, p q.na) =Y —

a1 izl M; + B;
o [ed M

2 .
+Zo_,2 +Z[? + 6—2} + Priors, (15)

r d=1 d By

where S is a vector containing the new physics parameters, M’ l.d are the measured IBD events of
the d-th detector ADs in the i-th bin, Blfl the corresponding background and Tid =T;0, Am?, S )
are the theoretical prediction for the rates. The parameter a);l is the fraction of IBD contri-
bution of the r-th reactor to the d-th detector AD, determined by the approximated relation
a);i ~ Lr_d2 / (Zle 1 /Lfd), where L, is the distance between the d-th detector and the r-th
reactor. The parameter oy is the uncorrelated detection uncertainty (o4 = 0.2%) and op, is
the background uncertainty of the d-th detector obtained using the information given in [2]:
op, =0, =8.21,0p, =5.95, 0, = 0p; = 0p, = 1.15 and 0, = 0.8% is the correlated reactor
uncertainties. The corresponding pull parameters are (¢4, ng4, o). With this choice of nuisance
parameters we are able to reproduce the 1o, 20 and 30 confidence level results presented in
Fig. 3 of Ref. [2] with high accuracy. The differences are at the level of few percent (see Tables I
and II of Ref. [17]).

The T2K experiment [1] consists of two separate detectors, both of which are 2.5 degrees
off axis of the neutrino beam. The far detector is located at L = 295 km from the source, the
ND280 near detector is Ly = 280 m from the target.

In our analysis we used the public data in [1,25]. The neutrino flux has been estimated
following [26]. We fixed the fiducial mass of the near and the far detector respectively as
FMnp2go = 1529 kg and FMsk = 22.5 kton [27]; a bin to bin normalization has been fixed in
order to reproduce the T2K best fit events. For the energy resolution function we adopt the same
Gaussian form of Eq. (14) with («, 8, y) = (0, 0, 0.085) GeV.
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The X%z & 1s defined as:

X%ZK(O, Amz, S’, 0,824, ad)

2 ngms Md
_ d d d i
_222[1\4—3 (1 +p + 24) + M log — }
d=1i= T - (14 p+ $24)
2 2 02
+ p_2 + Td + Priors. (16)
%%  am1 %2

In the previous formula, S is a vector containing the new physics parameters, Ml.d are the mea-
sured events, including the backgrounds (extracted from Fig. 4 of [1]), of the d-th detector in
the i-th bin, Tl.d = Tl.d o, Am?, S, ag) are the theoretical predictions for the rates, 6 and Am?
are respectively the mixing angles and the squared mass differences contained in the oscillation
probability, nims is the number of bins for the d-th detector. The parameter o, contains the flux,
the uncorrelated v interaction and the final-state interactions uncertainties (o, = 8.8% Table II
of [1]), oq, the fiducial mass uncertainty for the d-th detector (o, has been estimated to be
0q, = 1% for the far and the near detectors similarly to [28]), g are free parameters which
represent the energy scale for predicted signal events with uncertainty oy, (04, = 1% [29]).
The corresponding pull parameters are (p, 24, ¢g). The measured event rates at the near de-
tector have been estimated rescaling the non oscillated measured event rates at the far detector
using the scale factor L%v / L2F X FMNDp2go/FMsk. Our definition of the X2 allows to reproduce

with high accuracy the 68% and 90% confidence level regions for sin® 2613 as a function of the
CP violation phase § shown in Fig. 5 of Ref. [1].

We analyzed the whole Daya Bay and T2K data sample using X,%,t = XIZ)B + X72'2K' We
considered two different statistical analysis: i) we fixed all the standard oscillation parame-
ters, ii) we fixed all the standard oscillation parameters except 013 on which we imposed a
gaussian prior defined through the mean value and the lo error sin?26;3 = 0.140 £ 0.038,
sin? 26013 = 0.170 £ 0.045 and sin® 26013 = 0.090 £+ 0.009, for the different cases we have an-
alyzed.

Appendix B. Supplementary material

Supplementary material related to this article can be found online at http://dx.doi.org/10.1016/
j-nuclphysb.2014.06.014.
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