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� Wide L/E range with very long baselines
� Sensitivity to oscillations down to small ∆m2

� Possibility to test earth-induced matter 
effects

� Up/down symmetry above � 1 GeV  
� For ∆m2 <10-2 eV2 and Eν>1.5 GeV, 

downgoing neutrinos unaffected by  
oscillations à Reference source

� Almost democratic flavour composition 
� Low intensity ( �100 evts/kty) 

àààà massive detectors

� The beam is on!
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zenith angle distribution of N.C. enriched multi-ring events (1144days)

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
0

25

50

75

100

125

150

175

200

cosΘ

nu
m

be
r 

of
 e

ve
nt

s

νµ→
ντ
νµ→
νs

∆m2=3×
10-3

sin22θ=1

ννννµµµµ

�ννννs

ννννµµµµ

�ννννττττ
Contents� ( 
 � � �

ννννe
( ( 
 � � �

ννννµµµµ

( ( 
 �� �

∆∆∆∆m

� � � � ��

-3eV2

sin22θθθθ � �

�� � 	 � � � � . -� � � 	 � � � � 	 
 �� � � , � � � �

� Criteria
� >400MeV visible energy
� Multi-ring
� Most energetic ring à e-like
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observation

� Oscillation parameters for νµ à ντ : 
∆m2 = 1.6 ~ 3.6 x 10-3 eV2,  sin22θ > 0.90 (90%CL)

� νµ à νs is strongly disfavored
� Excess from τ leptons: 1.5 ~ 2σ
� 3D flux does not change the conclusion but more 

precise 3D calculations are needed
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� Precision measurements: improve L/E resolution
� Test of the disappearance dynamics (proof of oscillations)
� Precision measurement of ∆m2

⊗ and sin22θ23

� New measurements: search for subdominant effects
� Matter effects in scenarios with three (or more) neutrinos

� sin2θ13, sign of ∆m2, �

� Non statndard interactions (FCNC, VLI, VEP, �)
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201?discussed1.0 MtHyper-K
??R&D1.0 MtAqua-RICH

201?discussed650/450 kt, UNO
Large Water Cherenkov

2006 (?)proposed for CNGS3.0/2.5 ktICARUS
2003 approved0.6/0.5 ktICARUS T600

Liquid Argon TPC

201?discussed for ν-
factories

?/50 kt Generic 50-100 kt 
??not approved by INFN34/27 ktMONOLITH
2003construction5.4/3.3 ktMinos

Magnetised Iron Neutrino Detectors

2003 (restart)idle50/22 ktSuper-K
Reference

Physics startStatusMass
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� Proton decay, supernova, solar and atmospheric neutrinos

� Low unit cost (0.5 M
�

/kt + 0.5 M

�

/kt for excavation ) 

� Fully contain Eµ

� 35 GeV
� Electron and muon identification  

(no charge id)

� Option for LBL beam  
� Known technique 

(~SK with lower PM coverage)
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• Super-K successor for Supernova, solar, atmospheric and      
JHF beam neutrinos and proton decay

1 Mt mass 


