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Introduction

I Motivation

* Neutrino mass remains an open guestion

- Studying the lepton mixing matrix holds the key to this problem

- Testing the unitarity of the PMNS matrix is one method to explore
the general lepton mixing matrix

I Neutrino oscillation and unitarity

or mixing beyond
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If the LMM is larger than 3 X 3, the 3 X 3 Uppyns b€COMe non-unitary
— Unitarity Test

€ Framework of standard 3 flavor v oscillation
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If Upmns 1S 3 X 3 and unitary = there are only 4 params. (65,013,653, §)

But this parametrization always guarantees the unitarity

5 —Must remove this parametrization to test the unitarity )

@ Oscillation probability and Unitarity

Oscillation probability = (Coefficient) X (Energy-dependent function)

[In vacuum, 3-generation]

Up to 2nd. order in Am5,/Am%, , Ug,s
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[ If U Is 3 X 3 unitary

C, = 4|U,3U%]|", €, = 4Re[U,3UL U Ul ),
C3 = —4Re|U,, U, U Ueq |, C4 = —8Im|U,3U5U;, U, |

/[ New relation & corresponding to unitarity condition of PMNS matrix]\
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If unitary - =20
If non-unitary - & #0

\E IS a new criterion of unitarity test independent of the parametrization/

Statistical analysis
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Unitarity test

@ Setup

Generate 10° virtual-experiments and y? fit with 3-gen model
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Fitting 3-gen model to each events

\. J

2k Probability distribution is assumed to be binomial distribution

@ . . )
® We assume T2HK and neutrino factory with v, at J-PARC

@® Consider the charge identification efficiency at Hyper-K detector (Ci4)
\. The muon beam polarization must be considered at the neutrino factory (PM))

I Result

@ Fit 3-gen model to 3-gen events

est of consistency between 3-gen model and 3-gen events in terms of

@ All analyses are consistent with
¢=0

@® Combining multiple channels
yields a much smaller statistical error

[Worst case} Cia=0.0, P,=0.0
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@ Fit 3-gen model to 4-gen events
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[Sufficient to test the violation of unitarity !! ] :

@® Studying a general lepton mixing is important to understand neutrino mass.

@® One method to explore a general lepton mixing matrix is testing unitarity of it.
@® We propose a method for testing unitarity that does

not depend on the parameterization of the PMNS matrix, and demonstrate Its
application using the new criterion €.

@® Fitting 3-gen model to 4-gen events results in a

30 inconsistency with & = 0, in the (v, ) + (V,.) from T2HK and in the
(Vise) + (Wuse) + (Vo) from T2HK+neutrino factory

@ In this study, we consider neutrino oscillations in vacuum, but for a more
realistic analysis, matter effects must be taken into account.



