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Motivation 
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Future experiment 
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• To explore further ν oscillations (CP violation, 
mass hierarchy, test PMNS), need 
– Intense beams of ν.  

– Huge underground detectors. 

 

• Detector has huge physics potential. 
– Proton decay. 

– Astrophysical ν sources. 

– Geo ν. 
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Current beam 
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• Produced by decays of an intense π beam. 

• Gives ~ 98% of νμ (π+ → μ+ νμ). 

– Thus study νμ → νe oscillation. 

• J-PARC reached 145 kW (nominal 750 kW). 

• Future beam options studied in EURONU. 
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Super beam 
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• Higher-power version of current ν beam facility. 

• The least expensive. 

• Main challenge are target and horn. 

– Should handle ~ 4 MW of protons. 

• Multiple target design. 

– 4 x 1 MW. 
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β beam 
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• Produced by decays of a stored beam of β 
unstable ions. 

• Gives only νe. 

• Baseline scenario produces low energy νe.  

• Long term future. 
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Neutrino factory 
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• Produced by decays of a 
stored μ beam. 

– Precursor of a μ collider. 

• Gives both νe and νμ. 

• Produces high energy ν 
(above τ threshold). 

• Long term future. 
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Shift of paradigm 
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• Measurement of small θ13. 
– As long as there were no hints for non-zero θ13. 

– Optimize future facilities with sensitivity on sin2(2θ13). 

– Ranking was:  super-beam (→0.01),  β beam(→0.001),       
ν factory (→0.001). 

• Measurement of CP violation and mass hierarchy for 
a given (large) value of θ13. 
– With present evidence that θ13 >0 (at >3σ). 

– Expect θ13 measurement (at >5σ) in the coming years. 

– Optimize future facilities with sensitivity on CP violation 
and mass hierarchy.  

– Can be done with super-beam. 
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The detector options 

GLACIER 

(Liquid Argon) 

LENA 
(Liquid Scintillator) 

MEMPHYS 
(Water Cherenkov) 
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Water Cerenkov (current) 
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Water Cerenkov (future) 
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Liquid argon detector 
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• Exclusive final state reconstruction. 

• 3D tracking of charged particles with millimeter 
space resolution. 

• Excellent energy resolution. 

• Excellent particle ID. 



Liquid argon detector 
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Liquid scintillator detector 
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Oscillation probability 
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Going to anti-ν: δ → -δ and Â → -Â. 



Main strategies 
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• Differences between ν and anti-ν appearance. 

– Obtained by inverting beam polarity. 

– Can be done in narrow band beam. 

– Systematics between ν and anti-ν runs. 

• Appearance spectrum of ν. 

– Peak position and height at maxima and minima. 

– Need wide band beam.  

– Good energy resolution required. 
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Appearance spectrum 
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International context 
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In the US 
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In Japan 
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HK physics reach 
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In Europe: LAGUNA-LBNO 
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• LAGUNA had 
converged to 
two sites. 

• Fréjus. 

– Shortest BL. 

• Pyhäsalmi. 

– Longest BL. 

• (Umbria. 

– Existing beam.) 
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Option Fréjus / MEMPHYS 
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Option Pyhäsalmi 
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Option Pyhäsalmi 
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Incremental approach 
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• Produce significant physics results at each phase. 

• Reduce risks, ease funding. 
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Schedule  



p decay and astrophysical ν 
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Conclusion 
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• Current value of θ13 makes a long baseline ν 
oscillation  experiment based on a super beam 
and a huge underground detector the most 
attractive next step. 

• Lots of efforts in Japan, US, and Europe aiming 
at this new generation experiment. 

• Goal is to measure mass hierarchy and CP 
violation, and to test PMNS picture. 

• Same experiment will study proton decay and 
astrophysical ν. 
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