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Neutrino Oscillation 
É I f the neutrino mass eigenstate is different from that of the 

weak interaction, neutrinos can oscillate: from one type to 

another during the flight:   
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ü Known parameters̔  q23̆ q12̆ |DM223|̆ DM
2
12 

ü Recent progress: q13  

ü Unknown parameters: mass hierarchy(DM223),  CP phase d 



Atmospheric Neutrinos 

É Determination of q23 & |DM2
23 | 

É Current experiment: SuperK, Icecube 
Ĕ Still improves q23 & |DM 2

23 | 

Ĕ 3 flavor analysis for  
V q23 octant 

V mass hierarchy 

V CP phase 

É Future experiments 
Ĕ INO, PINGU/Icecube,  

       HyperK  

3 
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Three Flavor analysis: Sub-leading Effects 

ÅThanks to the huge statistics and large q13, we can look for:   
ïMass hierarchy: enhanced high E upward going ne due to the matter effect 

ïOctant of oscillation: enhanced low energy ne due to the solar term 

ïCP phase d: interference between these two 
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Fitting Results: SuperK + T2K 

 
dCP ~ 2/3p still favored 

No preference on 

mass hierarchy 

Sin2q23 ~ 0.6 

less favored 

Same detector, generator and reconstruction: easy for systematic error correlation 

MINOS is not included yet 

R. Wendall@neutrino2014 



IceCube/DeepCore 
Å IceCube: 5160 PMTs over 1 km3,DeepCore: 600 PMTs over 0.02 km3 

ÅSensors separation: 7-70 m, Light yield̔ a few p.e. @ 10 GeV 
ÅCosmic-m rate is 106 higher than n 
ÅAlready better than SuperK ! WΦtΦ ¸łƶŜȊϪƴŜǳǘǊƛƴƻнлмп 



Future experiment: INO 
ü INO(India -based Neutrino Observatory):  

50kt  magnetized iron plates interleaved with  

RPCs: Sign sensitive 

ü Construction started, operational: 2018 

ü Sensitivity to mass hierarchy: ~3s  after 10 

years running 

Choubey@neutrinoô12 
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Future experiments: PINGU(& ORCA) 
É A large ice Cerenkov detector 

with Ethresh < 10 GeV 
Ĕ Add 40 strings with 20 m spacing 

Ĕ ~ 20³ photocathode density 

Ĕ Existing IceCube as the VETO 

É Equivalent target mass: +10 Mt 

É Sensitivity: ~ 3s in ~ 3 years 

2015/6/24 

D. Grant@neutrino 2014 



Solar neutrinos 

ÅMeasurement of q12 & DM2
21 

ÅCurrent experiments: Borexino, SuperK 

ÅFuture experiment:  

ïSNO+, XMASS, LENA, W¦bhΧ 
Koshio@neutrino 2014 



Confirmation of the Solar Model and 
the Neutrino Oscillation 

ÅAccomplished: 
ï 7Be flux 

ï 8B flux down to 3 
MeV 

ïpep flux & limit on 
CNO 

ÅFuture:  
ïpp neutrinos 

ïCNO 

Ranucci @ neutrino 2014 



Future  
ÅBetter oscillation measurements 
ïSeasonal variations 
ïSpectrum distortion 
ïDay-night effect 

ÅNon-standard interactions 
ïFlavor changing NC 
ïSterile neutrinos 
ïMass varying neutrinos  

ÅSolar physics: 
ïUnderstand the stellar formation by 

measuring the metallicity ƻŦ ǘƘŜ {ǳƴΩǎ 
core 
ÅPrecision 8B flux 
ÅCNO flux 

ÅSuperK 

ÅBorexino 

ÅSNO+ 

ÅXMASS 

ÅJUNO 

ÅHyperK 

ÅLENA 

ÅΧ 



Reactor neutrinos 
É Established q13 Oscillation 

É Future: Mass hierarchy 
Ĕ JUNO, RENO-50 
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