
P
o
S
(
N
E
U
T
E
L
2
0
1
5
)
0
6
2

Searches for short-baseline neutrino oscillations
with the T2K off-axis near detector
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The completeness of the three-neutrino mixing paradigm was challenged in the last 15 years.
Indications of short baseline oscillations have been reported by several experiments. These may
be explained by introducing one or more neutrinos that do not interact via the electroweak force:
sterile neutrinos. The T2K off-axis near detector (ND280), thanks to its location at 280m from
the proton target, can contribute to searches for short baseline neutrino oscillations. The T2K
collaboration has recently published a first search for νe disappearance at ND280: at 95% CL
these results exclude the region sin22θ > 0.2 and ∆m2 > 8 eV2.
A new analysis looking for muon neutrino disappearance at ND280 is currently under develop-
ment. The sensitivity study performed so far indicates that this analysis will have interesting
results in 2015.
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1. Introduction

The completeness of the three-neutrino mixing paradigm has been challenged in the last 15
years. Indications of short baseline oscillations have been reported by a number of experiments in
the νe channel. However, no hints of short baseline oscillations have been observed so far for muon
neutrinos and tensions are observed between the existing experimental results[1].

The observed anomalies may be explained by introducing one or more sterile neutrinos: neutri-
nos that do not interact via the weak force. The existence of these new particles can be investigated
by studying their mixing with the three standard neutrino flavours. The simplest theoretical model
(3+1 model) considers the addition of only one sterile neutrino with a mass-squared difference
∆m2

41 of the order of 1 eV2, thus much larger than the other mass differences. This makes the
mass differences with respect to the standard neutrinos degenerate, so we can consider the survival
probability in the two neutrino-state approximation to be valid:

P(να → να) = 1− sin2(2θαα) · sin2
(

1.267∆m2
41[eV 2]Lν [km]

Eν [GeV ]

)
(1.1)

where Lν and Eν are the neutrino oscillation distance and energy respectively. As is shown by
Equation 1.1, for a given neutrino energy, a large value of ∆m2

41 would imply oscillation at short
distance. The T2K off-axis near detector (ND280), thanks to its location at 280 m from the proton
target offers good conditions to search for short baseline (SBL) neutrino oscillations.

2. Analysis strategy

To search for SBL oscillations a binned likelihood fit to the neutrino energy, reconstructed
assuming Charged Current (CC) Quasi Elastic (QE) interactions, is performed. Such interactions
are, in fact, dominant at the T2K energies. The dependency on the oscillation parameters (sin2 2θ

and ∆m2
41) is introduced by re-weighting the number of signal events by the survival probability

(Eq. 1.1). The different sources of systematics are considered in the fit by including nuisance
parameters with gaussian constraints, similar to what is done for other T2K analyses [2, 3].

The T2K collaboration has recently published the measurement of νe disappearance at ND280 [4].
A new analysis searching for muon neutrino disappearance is on-going. The poster presented here
summarizes these two analyses.

3. Short Baseline νe disappearance

The electron neutrino component in the T2K neutrino beam is only about 1% of the total flux.
However, a clean sample of νe, with a purity of about 67% can be selected thanks to the very
good performance of the TPCs and ECAL particle identification [5]. The main background for
this analysis comes from Deep Inelastic scattering events and Neutral Current interactions where
a π0 is produced. Any photon coming from the decay of these π0 can, in fact, be mis-identified
as an electron produced by νe-CC interactions. A control sample of photon conversion events
with kinematics similar to the signal events is used to constrain this background. The search for
νe disappearance has been performed using data collected between January 2010 and May 2013,
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corresponding to a total exposure of 6× 1020 protons on target (POT). The best fit oscillation
parameters are sin2 2θee = 1 and ∆m2

e f f = 2.05eV 2/c4 is shown in Figure 1. Confidence intervals
in the oscillation parameters phase space are computed using the Feldman-Cousins method. At
95%CL we obtain an exclusion region for sin2 2θee > 0.3 and ∆m2

e f f > 7eV 2/c4. These results
exclude a part of the gallium anomaly [6] and a small part of the reactor anomaly [7] allowed
regions.
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Figure 1: The T2K exclusion region at 95% CL for the νe disappearance [4] compared with other ex-
perimental results. The T2K best fit is marked by a green star; the best fit of other experimental results
corresponds to circles of the same coloring as the limits.

4. Short Baseline νµ disappearance

The analysis is based on the muon neutrino CC interactions events selected using tracker
informations (TPCs and FGDs). The selected events are then classified into three topologies by
considering the number of final state pions: zero (CC0π-like), one positive pion (CC1π-like), and
any other combination of number and charge (CCOther-like). Such classification allows a good
control of the non-Quasi Elastic interactions, events which are characterised by higher energy than
the QE events. Consequently, a better sensitivity in the high ∆m2 region is achieved.

The analysis presented in this poster describes a Monte Carlo based sensitivity study. The
Monte Carlo simulation used for the study correspond to 3× 1020 POT and is normalised to the
T2K statistics collected between January 2010 and May 2013 (6×1020 POT). Figure 2 shows the
sensitivity contours at 90%CL which are estimated using a constant Delta Likelihood method. All
dominant uncertainties are included and the obtained contours, compared to the existing limits [8]
look promising, especially in the region at high ∆m2. Finalization of the current Monte Carlo
studies are on-going and further developments aiming to the improve the current systematics are
planned. The fit to data and the publication of those results are expected in the next few months.

5. Conclusions

In conclusion, the T2K collaboration is providing new and interesting results on the searches
for short baseline neutrino oscillations. Results on the electron neutrino disappearance have been
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Figure 2: T2K expected sensitivity to short baseline νµ disappearance at 90% CL with flux and cross-
section and detector systematics included, compared to other experiments [8].

recently published and new results concerning the muon neutrino disappearance are foreseen in
the next few months. The collection of further data will reduce the statistical uncertainty, which
is an important limitation especially for the electron neutrino disappearance analysis. Finally, the
analysis on muon neutrino disappearance is a necessary step to search for SBL electron neutrino
appearance which is also predicted by the 3+1 model. A joint analysis, aiming to fit electron and
muon neutrino signals simultaneously to search for electron neutrino appearance, is foreseen for
the near future.
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