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Neutrino Oscillation 

• Neutrinos propagate as mass states (ν1 , ν2, ν3 ) and interact as 

flavour states (νe , νμ , ντ )  

• Mass states are a superposition of flavour states (and vice-versa) 
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 Neutrino with mass i = (1, 2, 3) 

 Neutrino with flavor  = (electron, muon, tau)   

Atmospheric and 
accelerators 

Solar and 
reactors 

Reactors and 
accelerators 

PMNS 
matrix 

Ui  neutrino mixing matrix, cij = cosij ,  sij = sinij ,   = CP phase 



Oscillation Probability 
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NH 
IH 



T2K Experiment 
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Long Baseline 

• Off-axis concept -> angle selected to 
probe maximum oscillation probablity (E ≈ 
600 MeV; L = 295 Km) 
 

• Also suitable to study electron neutrino 
appearance  
 

• Measure unoscillated/oscillated neutrino 
fluxes with Near/Far Detectors. 

T2K neutrino energy peak 



Near Detector 
• Tracking + Calorimetry + Muon + Beam Monitoring (including water targets) 

• ND280 (off-axis) (magnetized) : Cross section and flux measurements  Constrain uncertainties  

• INGRID (on-axis): Monitor beam stability and direction 
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N e ar  d e t e c t o r  f i t

• Fit to data to constrain cross 
section model and flux 
parameters . 

• Neutrino mode separated 
by number of charged pions 
(CC0π CC1π CCOther ) 

• Separate data sets in FGD1 
and FGD2 (water targets)
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FGD1 CC0π FGD1 CC1π FGD1 CCOther 

TPC TPCTPC ECAL

FGD1 FGD2



SK Detector 
• 50 kton water Cherenkov detector; 11129 20” PMTs (32 kton inner detector); 1885 8” PMTs (18 

kton outer detector – veto) 

• Excellent electron/muon identification 
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T2K Data (PoT - Protons-on-Target) 
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Currently operating at ~470 kW 



Oscillation Probability in T2K 
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Oscillation Spectra in SK (Far Detector) 
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Disappearance 
(neutrino mode) 

Appearance 
(neutrino mode) 



Data Analysis Strategy 
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From Maria Antonova, ICPPA-2017 

• Oscillation Parameters: Compare number Nν of neutrinos between Near 
Detector (ND) and Far Detector (FD): 

Cross section 

Detector 
efficiency 

Oscillation 
Probability 



Data Analysis Strategy 
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Simultaneous fit to neutrino and anti-neutrino mode at 
ND280 and SK using maximum binned likelihood  
 

- Gaussian priors for                          based on their PDG values 
 

-T2K-only (without reactor constraint): Flat priors (bounded by their  
physically allowed values) for 
 
 

- T2K + Reactor: Gaussian  prior for                 based on  its PDG values 
reported from reactor experiments  (                                            )  
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T2K-only , Normal Hierarchy 

T2K + Reactor constraints 

PDG for NH 
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T2K only - NH 

T2K only 

T2K + Reactor constraints 

PDG for NH 
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T2K + Reactor T2K only 



Improving Oscillation Measurements 
T2K Upgrade  T2K-II 
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Summary 
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Backup Slides 
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Improving Oscillation Measurements   
T2K Upgrade  T2K-II  
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Oscillation Spectra in SK (Far Detector) 
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Disappearance 
(neutrino mode) 

Appearance 
(neutrino mode) 


