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Sterile Neutrino
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3+1 Neutrino Model



3+1 Model Dependent Results: �
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3+1 Model Independent Results: �
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3+1 Model Independent Result: �
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NEUTRINO-4



3+1 Model Independent Predictions: 
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GALLIUM+BEST



STATUS 3+1 Model nonpragmatic: 
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3+1 Model Independent Result: �
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T2K   ND280 OFF AXIS



Problems with MINOS/MINOS+ limit



T2K Experiment



T2K Beam



T2K 280 Near Detector ON-axis



T2K 280 Near Detector OFF-axis



� Interactions – P0D

arXiv:1706.04257



� Disappearance – P0D



� Disappearance – P0D



3+1 Model Dependent Result: �
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3+1 Fit Parameters



Problems with MINOS/MINOS+ limit
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MINOS+ constraints � flux

using MINERVA νe scattering data

arXiv:1906.00111



J.Park – FNAL seminar , Dec 20, 2013



J.Park – FNAL seminar , Dec 20, 2013



J.Park – FNAL seminar , Dec 20, 2013



MINOS+ constraints � flux

using MINERVA νe scattering data

arXiv:1906.00111

≈ 10% DEFICIT



Minerva νe scatering
constraints the � flux



Minerva νe scatering
error budget 



3+1 Model Dependent Fit : Good news 

χ� 0,0, � = 1    = 104.53

χ� !", � = 1 = 11.13

∆χ�= 93.40



3+1 Model Dependent Results: muon  
channel : neutrinos 
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Problems with MINOS/MINOS+ limit



3+1 with Decay Model Dependent Results: 
muon channel : neutrinos

χ� 0,0, � = 1    = 104.53

χ� !", � = 0.9 = 0.42

∆χ�= 104.11



3+1 with Decay Model Dependent Results: 
muon channel : neutrinos
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A dependance 

A=0.9±0.03 (95% ,-)



P-value (A)  
A p-value

1 0,00E+00

0,99 5,10E-13

0,98 1,12E-10

0,97 1,37E-08

0,96 9,38E-07

0,95 3,62E-05

0,94 7,90E-04

0,93 9,85E-03

0,92 7,15E-02

0,91 3,11E-01

0,9 1,00E+00

0,89 6,86E-01

0,88 2,18E-01

0,87 4,37E-02

0,86 5,21E-03

0,85 3,58E-04

0,84 1,41E-05

0,83 3,11E-07

0,82 3,88E-09

0,81 2,70E-11

0,8 1,05E-13

0,79 0,00E+00



cfr with MINOS/MINOS+ limit



T2KND280 is a 3 detector complex

@   2.5 deg

@ 1.5 deg

@ 0 deg



• 1) INGRID+PM+WM ON-AXIS @ 0 deg

<./> = 1.5 GeV →  ∆2�~ 5 45�

• 2) WAGASCI+Baby MIND OFF-AXIS @1.5 deg

<./> = 0.7 GeV →  ∆2�~ 2 45�

• 3) ND280 OFF-axis @ 2.5 deg

<./> = 0.6 GeV →  ∆2�~ 2 45�

T2KND280 is a 3 detector complex

@fixed L with 3 beams of different /



� Interactions – On-axis detector 



Proton Module (PM)



� Interactions – Proton Module



� Interactions – Water Module (WM) 



� Interactions – Off-axis

WAGASCI detector @ 1.5 deg



� Interactions – Off-axis

WAGASCI detector @ 1.5 deg



� Interactions – Off-axis

WAGASCI detector @ 1.5 deg

FY 2018



T2K strategy for SBL – ON AXIS

ON AXIS Data

On-axis detector

ND280 Data

ON AXIS Data

T.Koga et al.  TN 335



T2K strategy for SBL – OFF AXIS

OFF AXIS Data

Off-axis detector

ND280 Data

ON AXIS Data

T.Koga et al.  TN 335



MODEL INDEPENDENT Results pending

T.Koga General Meeting 8.10.2017



… if they're roses they'll bloom!

T H A N K S !T H A N K S !
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