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T2K : le projet de Jacques et 
François 

K2K-> T2K-> Violation de CP
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Current status of neutrino mass and 
mixings
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Neutrino masses and new physics
● Non vanishing neutrino masses : clear indication of 

physics beyond the Standard Model

● Goal: Discovery of CP violation.  Supporting evidence 
for leptogenesis (why matter antimatter asymmetry ? )

● Is θ23 mixing maximal ? Is θ13 different from zero ? Is 
there leptonic CP violation ? Normal or inverted 
hierarchy ? Dirac or Majorana ? → 4/5 questions can 
be answered by ν oscillation physics  
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ν
μ  

to
 
ν

e
 oscillations

L=300 km, E= 600 MeV
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L'expérience T2K



T2K: Tokai to Kamioka experiment

First experiment dedicated to θ
13

 measurement

High intensity ν
μ
 beam from JPARC to SuperKamiokande

Discover ν
e
 appearance->determine θ

13

Precision measurement of ν
μ
 disappearance -> measure 

Δm2

 23
 and θ

23
 



T2K: scheme of the experiment



Dates

● JPARC: construction/commissioning  2001-
2009

● ND280: construction 2005-2009
● 3 TPC installées : décembre 2009
● 1er neutrino à SK: février 2010
● Run de physique (2010a): janv-juin 2010
● Run de physique 2: nov 2010-juin 2011



Rôle de l'Irfu/SPP

● Design de la TPC
● TPC tests au CERN 2005 et 2006
● TPC tests à TRIUMF 2008-2009
● Installation à JPARC
● Simulation de la TPC
● Mesure de l'ionisation (PID)
● Analyses des données







The ND280 TPC
●First large TPC with micro-pattern gas 
detectors
●IRFU 72 bulk micromegas  
●IRFU: full frontend electronics, 1 ASIC 
chip, 124k channels
●3D images of a neutrino interaction
●The TPC plays a key role in ND280 
analyses 



SuperKamiokande



Main backgrounds for ν
e
 appearance

● Intrinsic ν
e
 component in the beam (~1%)

– From mu decays (low energy) and kaon 
semileptonic decays (high energy)

– To be measured at ND and controlled with 
hadroproduction measurements

● NC π0 production : a photon looks like an 
electron in a Water Cherenkov detector

– Will be measured at ND

– Can be reduced and checked at SK

● S/B~ 3 (MINOS S/B<<1) (pour theta_13  à la 
limite actuelle)



Prise de données et 
performance



T2K Beam monitoring

● Beam position on target 
within 1 mm

● Muon monitor : beam 
direction within 1 mrad, 
intensity stable (<1%)

● Neutrino beam 



TPC performance : spatial 
resolution

●Time Projection Chambers for the T2K 
Near Detectors 1012.0865 subm. to NIM



TPC performance: PID



TPC performance: PID for 
beam spill events



Neutrino interactions in ND280







SuperKamiokande data

Fully Contained FC

Partially Contained

Avec les données de SK on peut 
classer les données sur la base de :
●Single Ring ou Multi Ring
●mu-like ou e-like
●Fully Contained (FC, on peut 
mesurer l'énergie) ou pas
●Dans le volume fiduciel (FV)

Les analyses sont basées sur les évt:
Single Ring mu-like FV pour la 
disparition de nu_mu 
Single Ring e-like FV pour l'apparition 
de nu_e 





SK 1 ring mu-like



SK multi-ring mu-like



Analyse







NA61



NA61 preliminary





Analyses : ν
μ
  in ND280

● Analyse de Saclay (C. Giganti, A. Longhin, MZ)

● Choisie pour le premier papier de T2K

● 1550 ev. (interactions dans FGD +trace(s) dans la TPC)

● 90% CC



 Beam ν
e
 candidates in ND



















Can T2K ND280 probe ν
e
 → sterile 

oscillation ? 
ν

e
 spectrum peaked at 500 MeV

ND280 is sensitive to ν
e
->X oscillation  with  

Δm2~2 eV2

ν
e
 flux is  ~ 1% of total

Need to control other backgrounds
Current data set (2010+2011): ~ 50 ν

e
 at ND

This study will continue: beam ν
e 

meas. is one 

important contribution by ND to the T2K program 

Prob(ν
e
->X)

 For Δm2~2 eV2 



Conclusions

● T2K started physics running in Jan 2010
● ND280 TPC ; excellent performances for the 

1st TPC with MPGD

● First ν
μ  

->
 
ν

e 
oscillation analysis with 3.23 1019 

POT: 1 evt selected, exp. Bck 0.30+-0.07

● Observed ν
μ 
CC candidates  consistent with 

neutrino oscillation parameters
● Total sample: 1.45 1020 being analyzed. 

Expected sensitivity better than CHOOZ
● Full impact of the earthquake being assessed
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