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Oscillation analysis 



What’s new in 2022 analysis? 
• Updated flux prediction based on analysis of the NA61/Shine 

2010 replica target data for hadron production

• Updated neutrino interaction model – improved uncertainties 
for spectral function model and additional uncertainties for 
resonant and multi-pion events as well as FSI

• New proton and photon tagging selection for the near detector 
ND280

• In far detector analysis introduce new m-like CC1p sample 
selection



Proton selection in ND280 

CC1Pi
• 1 pion

CCOther
• Other combination

CC0Pi
• 0 pions

CC0Pi-0p
• 0 protons

CC0Pi-Np
• >0 protons

ND280 fit is important part of T2K oscillation 
analysis.

ND280 fit uses various samples (from FGD1 
and FGD2), based on pion multiplicity.

Each sample has different physical properties 
and allows to probe different neutrino 
interactions.

Muon kinematics (momentum and emission 
angle) is used for fitting MC to data.

Proton samples: CC0Pi-0p and CC0Pi-Np
originate from split of CC0Pi based on proton 
multiplicity (TPC and FGD PID).

CC Inclusive
• 1 muon (TPC PID)



Properties of proton sample 

FHC

CC0Pi CC0Pi-0p CC0Pi-Np

Fraction % Fraction % Fraction %

CCQE 51 58 38

2p2h 11 10 11

RES 23 19 30

Other 15 13 21

Both samples have different 
phase space of muon 
kinematics.

ND280 proton tracking 
threshold is about 450-500 
MeV/c.

Different fraction of 
reactions.

CC0Pi-0p  - lower muon momentum, 
mostly forward going muons.

Better purity for CCQE.

CC0Pi-Np  - higher muon 
momentum, more muons going 
at higher angle.

Better purity for non-CCQE 
contributions.

CC0Pi-0p CC0Pi-Np

T2K Work in Progress
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T2K Work in Progress



New selection in Near Detector 

Increase ability to 
constrain CCQE and 2p2h 
in selected samples

Creates new samples 
dominated by DIS and 
CCp0



Near Detector fit results

Before ND280 fit

After ND280 fit

.n 1Rm-like
.n 1Rm-like

.n 1Re-like • .n m-like CC1p

• Constraint neutrino flux and provides 
prediction of flux for Far Detector 
including CC1p sample

• Constrain interaction parameters and 
their uncertainties

Prefit       
ND2020  
ND2022
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 Multi-ring νμ charged current 1π+ events   



Multi-ring νμ charged current 1π+ events in SK
➢ NEW! Included from T2K run 1-10 ν mode data for the 

first time in T2K oscillation analysis. 

➢ Parent Eν ~1.2 GeV → oscillation effect is still present.

➢ ~30% increase in total νμ-like events: Sensitive to  θ23  & |Δm2
32|.



Same data set as in 2020 analysis 



Far Detector samples 
• Detected number of ne events consistent 

with dCP=-p/2

• New sample of nm CCp increase statistics 
of about 30%



Results in Atmospheric region 
2D contours for Bayesian analysis with simultaneous fit of 

the Near and Far Detectors data (joint fit of nm and ne)

Normal Hierarchy                                             Inverted Hierarchy                
  

T2K only

T2K w/ reactor 
constraint

Best fit in the upper octant, lower octant still 
allowed in 68% CL



Results on dCP and q13 
2D contours for Bayesian analysis with simultaneous fit of 

the Near and Far Detectors data (joint fit of nm and ne)

Normal Hierarchy                                             Inverted Hierarchy                
  

T2K only

T2K w/ reactor 
constraint



Results on dCP phase 
    Frequentists approach                                Bayesian approach 
(Feldman-Cousin method)                      (marginelized over MO)    
        

   CP conserving values outside of 90% CL        
Best fit close to maximal CP violation near -p/2



Results model preference 



T2K – NOnA joint fit 
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