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The history began in 1998 

The discovery of neutrino oscillations by 
Super-Kamiokande made clear that 
progresses in this field would have 
required long baselines, O(102-103 km). 
 
Requiring gigantic detectors deep 
underground (SK    , accelerator labs   ) 
 
Several people were looking for the 
same process at ∆m2 bigger than 4-6 
orders of magnitude …  



Since then a remarkable progress 
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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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Present situation 

• Precision era started 
• Can precision constrain new 

physics? 
• What about unitarity ? (It’s 

assumed in all these plots) 
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The values of oscillation parameters 
conspire to make CP violation detectable 
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The value of θ13 decides the strategy 

SMALL VALUES: 
νµ−νe transitions are tiny 
Need large statistics and small 
background rates 
Transition asymmetry is large 
Little effect of systematic errors 
 
Conventional neutrino beams 
are not enough 

LARGE VALUES: 
νµ−νe transitions are large 
Relaxed constraints on statistics 
and  background rates 
Transition asymmetry is small 
Large effects of systematic errors 
 
Conventional neutrino beams 
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New concepts for neutrino beams, for the 
moment, have been abandoned 
CP violation searches are designed to use 
«brute force» upgrades on conventional 
neutrino beams 



New concepts: Neutrino Factories 
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S. Geer, Phys. Rev. D57 (1998) 6989–6997 
IDS-NF, arXiv:1112.2853  



New concepts: Beta Beams 

M. Mezzetto, INFN Padova, Solvay Workshop 27 

P. Zucchelli, Phys.Lett. B532 (2002) 166-172 
Lindroos, MM, Imperial College Pr. (2010) 



What about existing facilities? 

From T2K collaboration: PTEP 2015 (2015) 4, 043C01 

CP MH 

Full statistics, equal ν and ν runs, dashed lines: including systematics 
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Good CP coverage requires order of 1 Mton x Mwatt x year 
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SK Atm 
SK+T2K νµ,νe Constraint 

Preliminary  

T2K νµ,νe Constraint 

Fit (543 dof) χ2 sin2θ13  δcp sin2θ23 ∆m2
23 (eV2) 

SK + T2K (NH) 578.2 0.025 4.19 0.55 2.5x10-3 

SK + T2K (IH)  579.4 0.025 4.19 0.55 2.5x10-3 

θ13 Fixed SK + T2K (external constraint) 
Normal Hierarchy  

Normal hierarchy favored at: χ2
IH – χ2

NH = 1.2 (0.9 SK only) 
 Some fraction of CP phase is excluded at 90% C.L. 
CP Conservation (sinδcp = 0 ) allowed at (at least) 90% C.L. for both hierarchies  
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δCP sin2θ23 |∆m2
32|,  |∆m2
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∆
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4581 days 

From Nakahata-san presentation at Neutel 2015: SK improves with external information 



Systematic errors 

Since a long time they are known to be the real bottleneck 

Huber, Mezzetto, Schwetz, JHEP 0803 (2008) 021 
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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 
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Two players: Dune and HK 
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Mass Hierarchy 

• The Dune baseline is a clear 
premium 

• HK sensitivity on CP does not 
relies on external knowledge 
on MH 
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• Pure oscillation effects in νe 
disappearance: Juno 

• Matter effects in νµ disappearance 
and/or νe appearance : NOνA, INO, 
Pingu, Orca, Dune, HK 



CP violation: general considerations 

• HK:  
– short baseline →no matter effects: pure CP but reduced 

MH 
– Off axis → reduced intrinsic νe contamination, reduced NC 

backgrounds 
 

• DUNE: 
– Long baseline → sensitive to matter effects: excellent 

performances in MH 
– On axis: second oscillation maximum and sensitive to ντ 

appearance (tiny effects at 1300 km) 
– On axis: Extended lever of arm for measurement of 

oscillation parameters  
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CP violation: just event numbers 
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 6 years 

10 years 



CP violation: systematic errors 
HK estimation assuming identical close detector as T2K 

Dune estimation extrapolating from 
Minos (no LAr close detector data so far) 
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Proton Decay 

DUNE HK 

• Will improve Super-Kamiokande 
limits in very few channels, notably in 
the p→K+ν channel 
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Supernova Neutrinos 

HK 

Mainly νe from νe p → e+ p 
 
• Burst from galactic center (10 kpc) 
           170,000 – 260,000 ν’s 
• Burst from Andromeda Galaxy 
            30 – 50 ν’s 
• Supernova relic ν 
            200 in 10 years 
 

DUNE 

Mainly ne from νe + 40Ar → e− + 40K* 
 
• Burst from galactic center (10 kpc) 
         ~ 900 ν’s in 10 kton detector 
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Solar Neutrinos 

In principle sensitive both to 
• CC events 
             νe + 40Ar → e− + 40K* 
• ES events 
              νe + e− → νe + e−  
 
Not clear to which value the e- 
detection threshold can be set 

DUNE HK 

• 8B ν from Sun 
   200 ν’s/day @ 7 MeV threshold 
 
Allows detailed day/night studies 
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WIMP annihilation at Sun 

SK updated results recently presented by Nakahata-san at 
Neutel 2015 
HK sensitivity by far the best Spin Dependent (SD) and very 
competitive in the SI low WIMP mass region 
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CP violation: performances 
(USA snowmass process, P. Coloma) 
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Based on arXiv:1501.03918 by 
ICFA Neutrino Panel 

 «… given the challenging nature of the measurement and the 
importance of the discovery (CP violation), independent confirmation 
by a qualitatively different experiment is likely to be essential» 
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Conclusions 

• Bright future for accelerator neutrino physics, 
unfortunately not in Europe. 

• Main goal: CP violation in the leptonic sector 
• But also unitarity tests of the 3ν mixing matrix 
• The gigantic far detectors have an excellent 

non-accelerator physics program in their own 
• The sophisticated close detectors will have 

their hard job in measuring neutrino cross 
sections in all their tricky manifestations 
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