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Neutrino mixing and oscillation  Neutrino mixing and oscillation  

θ23≈450

θ13=(9±0 .6 )0

θ12=(34±1 )0
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Only two independent  

Δm12
2 =Δm sol

2 =7∗10−5 eV²

(Δm32
2 )=(Δmatm

2 )=2 .4∗10−3 eV 2

Mass Hierarchy ?

PMNS matrix

atmospheric solarlink between atmospheric 
           and solar
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Physics motivationPhysics motivation

Mass Hierarchy CP violation

The difference between 
oscillations of neutrinos and 
anti-neutrinos ?

?
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Long-Baseline Neutrino Oscillation ExperimentLong-Baseline Neutrino Oscillation Experiment
Main Goals: 

- measurement  θ13  (appearance)
- precision measurement of  θ23  and Δm2

32  (disappearance)
- search for CP violation in neutrino oscillations

~ 500 members
59 institutions
11 countries

Russia: INR RAS 5
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J-PARC
SK

T2K experiment

 

- 750 (now 235) kW 30 GeV proton 
beam at J-PARC
- Quasi-monochromatic        (95% 
purity) beam
- Peak energy ~600 MeV tuned to 
oscillation maximum
- ~0.5%      at peak energy
- Reduced high energy tail  reduces 
background

ν μ

ν e
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Off-Axis NearOff-Axis Near  DetectorDetector  
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Far detector SuperKFar detector SuperK

MC
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Selection criteria for NueSelection criteria for Nue

after all cutsafter all cuts

28 Νue candidates 

Expect 4.64±0.53 
events  9



Nue appearanceNue appearance
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Likelihood curvesLikelihood curves
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p-θ

Erec

Normal hierarchy Inverted hierarchy

Inverted hierarchyNormal hierarchy

significance is calculated as √Δχ2 
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√-2ΔlnL=√ 56.27
= 7.5σ



99/1×1099/1×101515

p-value is calculated as followings:
     1. Generate 1e15 (5.5e14 for Erec) toy experiments with θ13=0.0.
     2. Fit each toy experiment to extract -2ΔlnL (=Δχ2).
     3. p-value is the fraction of toy experiments above Δχ2data

p-value = 9.9×10-14

p-value calculationp-value calculation
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ννμμ -> ->ννμμ Disappearance Disappearance

205±17 (syst.) events are 
expected 

 58 muon neutrino event 
candidates are

observed

SK Selection Cuts
– Evis > 100 MeV
– Veto hits < 16
– Fully contained
(Fid. Vol. = 200 cm)
– Single ring
– Muon-like
– Pmu > 200 MeV
– 0 or 1 Michel 
electron
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  3×10^20 POT 3×10^20 POT 



    ννµµ disappearance  disappearance 
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ConclusionConclusion

- T2K discoversdiscovers  νν µµ → νν ее
 oscillations at 7.5 σ  

significance

-precision measurements of neutrino mixing 

parameters in  νν µµ →  νν µµ

 Near future:

- Antineutrino run in 2014

- Combined data with reactor experiments and NOvA  for CPV and Mass 
Hierarchy
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Backup 
Slides
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Vertex distributionsVertex distributions
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Run 1-3 black
Run 4 red
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