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Along time changed variables, fitting methods, 
conventions, assumptions …. 
 
Results also from Opera, Antares, IceCube …. 
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Along time changed variables, fitting methods, conventions, 
assumptions …. And also some important cross section both 
at the source and the detector, not to mention the new 
evaluation of reactor antineutrino rates. 
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The progress in θ13 
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What went wrong with θ13 ? 
Why 12 years to improve Chooz?   
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Present situation 

• Precision era started 
• Can precision constrain 

new physics? 
• What about unitarity ? 

(It’s assumed in all these 
plots) 
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MH Factor 10 better precision 
in 3 oscillation parameters 



A detectable Leptonic CP Violation is not “natural”
The CP odd term in oscillation formulas is

∝ sin 2θ23 sin 2θ12 sin 2θ13 sin δ sin ∆m2
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Please note:
SuperKamiokande protagonist in all the three discoveries
Water Cerenkov the only experimental technique in these business.
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PMNS CP Phase and Leptogenesis 

Nucl.Phys. B774 (2007) 1-52 



Hint of CP violation? 



Hint of CP violation? 

• Adding information the «evidence» increases 
• Only 8% of T2K stats and 0% of Noνa 
• No antineutrino run 
• Predictions of future sensitivities of T2K+Noνa 
     don’t include solars and atmosn’t  



The largest θ13 is not the best value for LCPV

ACP = P(νµ→νe)−P(νµ→νe)
P(νµ→νe)+P(νµ→νe)

∝ 1
sin θ13

Signal statistics is maximum BUT ν − ν asymmetry is minimum
In other terms systematic errors dominate

Blondel, Cervera, Donini, Huber, MM, Strolin, Acta Phys. Polon. B 37 (2006) 2077
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Defining LCPV target performances
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Dusini, Longhin, MM, Patrizii, Sioli, Sirri,

Terranova; EPJ C73 (2013) 2392

Computed for:

LAr Detector

50 GeV proton beam

L=730 km, on-axis

Optimized optics

Systematic errors: 5%

1 year = 107 s

Note as the MH degeneracy 

effects disappear with exposure

Needed >1 Mton x MW x year



There are no magic baselines for CP searches
Dusini et al., EPJ C73 (2013) 2392
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LAr detector, 50 GeV/c proton accelerator
Beam optics optimized with the same algorithm for 3 baselines: 732, 1570, 2300 km.
For each optimization the baseline has been moved in a range
Curves are for 40% and 70% coverage (3σ)
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Systematic errors play a decisive role
Dusini et al., EPJ C73 (2013) 2392
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Again on systematic errors 

• A sophisticated close detector 
station: ND280 + Ingrid 

• The best quality hadroproduction 
data ever produced (NA61) 
already included 

• A huge, qualified, effort by the 
largest collaboration ever seen in 
neutrino physics 

• At present limited by statistics 

The experience of T2K 

• The 1% goal cannot be achieved by just designing a «better» close detector 
• It will probably require a step in neutrino beam technology 
• So far proposed Nustorm and a Tagged Neutrino Beam 



Mass Hierarchy 

• Pure oscillation effects in νe 
disappearance: Juno 

• Matter effects in νµ 
disappearance: INO, Pingu, Orca, 
HK 

• Matter effects in νe appearance: 
NOνA, LBNF, T2HK 

 

• An internal degree of 
freedom in neutrino masses 

• Important in double beta 
decay (only if inverted) 

• Which role in cosmology? 
• Which role in BSM? 



Conclusions 

• After 16 years neutrino oscillations are healthy and lively 
• They can guarantee valuable input in several foundamental 

aspects of high energy physics 
• The international interest in neutrino oscillation is extremely 

high  
• Excellent opportunities for the INFN community 
• Past mistakes should help in better programming future 

activities. 
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