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4 Joint analysis of v, and v, sam-
ples
4.1 Analysis description

In previous T2K neutrino oscillation analyses, the
v, and v, candidate events recorded at SK in neutrino
mode were analyzed separetely. The sample of v.-like
events was used to measure the parameters 613 and
dcp [4], while the sample of v,,-like events was used to
measure o3 and Am3, [3]. As all four parameters have
an effect on the predictions for both v, and v, events,

a joint analysis of the two samples has been developed



Table 1: Effect of the systematic uncertainties on the
predicted number of v, and v, events for neutrino

mode joint analysis.

Error source ve sample v, sample
ON/N ON/N

v flux and interaction 2.92% 2.73%

(common to SK and ND)

v interaction 4.39% 4.55%

(SK only)

Far detector 3.56% 4.92%

Total 6.28% 7.35%

_; Confidence regions for atmospheric parameters
- ,
o A T T T ]
% L R sk -V NH (Neutrino 2014) - 88:? gt {\I‘_'H ]
g 35 7] minos « NHbestfit |
L7 + IH best fit ]
T [ 1
£ ]
g oI 1
a ]
2.5+ . ) -

L 7, i
) Ll Ll Ll ]
0.3 0.4 0.5 0.6 0.7
sin2(923)

Fig. 4: Best fits and confidence regions for the atmo-
spheric parameters in the normal (NH) and inverted
(IH) mass hierarchy cases. 90% confidence regions
from Super-Kamiokande and MINOS [11] in NH are

shown for comparison.

to properly take into account the correlations between
the estimates of those oscillation parameters.

In this analysis, each of the samples was analysed in
that same way that it was for the separate analyses.
For v, candidate events the reconstructed neutrino en-
ergy is used, while for v, candidate events the electron
candidate momentum and angle with respect to the
beam direction are used. This analysis is limited to
data coming from the first four years of data taking
of the experiment. The parametrization of the system-
atic uncertainties is similar to the stand-alone analyses,
and their effects on the expected number of v,,-like and

ve-like events are summarized in Table 1.

4.2 Results using T2K only data

When using only T2K data, the results obtained in
this joint analysis for the atmospheric parameters 6a3

and Am3, are similar to what was obtained in the
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Fig. 5: Best fit values and confidence regions obtained
for sin® 20,5, for different fixed values of dcp in the

normal (NH) and inverted (IH) mass hierarchy cases.

stand-alone v, disappearance analysis. The confidence
level regions can be seen on Fig. 4, and the best fit
value of #s3 is the value which corresponds to the max-
imum of the muon neutrino disappearance probability,
1—- Py, = vy).

Since the T2K neutrino data alone does not provide
a significant constraint on dcp, one-dimensionnal fits
for sin? 20,3 were done for different fixed values of d¢p
instead of a two-dimensionnal fit for those two param-
eters. The confidence intervals and best fit values ob-
tained for the different fixed values of dcp can be seen
on Fig. 5.

The 2013 combined reactor experiment measure-
ment of sin 2613 (sin?20;3 = 0.095 + 0.010 [12]) is
also shown for comparison. It can be seen that T2K
data favor larger values of sin® 26,3 than the reactor

experiments although the two results are compatible.

4.3 Results using T2K data and reactor
experiments results

The electron neutrino appearance probability also
depends on 6., so the T2K measurement can be used
to constrain d., when the value of sin2(2913) is con-
strained to the value measured by the reactor exper-
iments. As more v, events are observed in T2K that
what is expected for the value of sin? 2615 measured
by the reactor experiments, the fit favors the values
of dcp which maximize the appearance probability
P(v, — v.), namely dcp close to —m/2. The results
of this fit can be seen on Fig. 6.

Due to the presence of physical boundaries at dcp =

+7/2, and to the fact that dcp is a cyclic parameter,



92

—— Normal hierarchy
--- Inverted hierarchy ™
—— FC 90%, NH K4 .
-a- FC 90%, IH . *

Ay’
[oe]
[

N
T T T T T T
.

\\\J\\\)’/\\\‘\\\l\

1 -0.5 0 05 1
dcp/T

Fig. 6: Result of the fit of T2K data for ¢ p using the
results of the reactor experiments for sin®26;5, with
critical Ax? values obtained with the Feldman-Cousins

unified approach.

the Feldman-Cousins unified approach [13] needs to
be used to produced CL intervals with proper cover-
age. The values of the Ax? corresponding to the 90%
CL intervals are shown on the figure. It can be seen
that some values of dcp are outside of those intervals,
which gives the first ever constraint on the parameter
describing CP violation in the lepton sector.

The different possibilities for the mass hierarchy and
the octant of 623 were also compared in this case. Using
a Bayesian approach, the posterior probabilities of the
different combinations of mass hierarchy and octants
were computed. The results are listed in Table 2, where
we observe a weak preference for the normal hierarchy
and the octant sin?(fa3) > 0.5.

Table 2: Posterior probabilities for different models
from T2K neutrino mode data and the results of the

reactor experiments.

Normal Inverted Line total

hierarchy hierarchy

sin®(fa3) < 0.5 0.186 0.080 0.266

sin?(fa3) > 0.5 0.503 0.231 0.734

Column total 0.689 0.311 1
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