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Next steps

● Theta13 observation opens an exciting possibility in the study 
of the mixing matrix PMNS

● CP violation phase delta, matter hierarchy, theta23 can be 
explored at a long baseline neutrino experiment

● The CP violation phase delta could help explaining the matter-
antimatter asymmetry (and mystery)

● In the end, we would like to explore PMNS to the same level of 
accuracy as CKM (eg. Unitarity, cf new physics potential of Bs-
>mu mu)
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P. Huber @ Town Meeting
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hep-ph/0208163

The degeneracies problem
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The Super Beam magic baseline

Requirement of sin((1-A)Delta) = 0 for IH and maximum for NH 
gives L=2500km and E = 3.3 GeV

S. Raut et al 0908.3741
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From magic baseline to an 
experiment

● We need a Wide Band Beam (1st and 2nd maximum) 

● Need good energy resolution also at 2nd maximum to use L/E for 
CP extraction

● E_osc~ 5 GeV : no water Cherenkov

● A detector with better eff. and background rejection than SK or 
NOVA but similar mass as first step : 20 kT fine sampling tracking 
detector

● We consider a Liquid Argon Detector

● Underground : astrophysics and proton decay

● Use of a conventional beam

● Performances can improve in steps : larger mass, beam power 
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Study initiated by A. Longhin
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Near detector concept
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Far detector concept
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The far detector concept
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Liquid argon : ~ bubble chamber 
detector
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Electron pi0 separation
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Physics performances
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Conclusions

● Unique scientific potential of LBNO CERN to 
Pyhasalmi with a neutrino beam based on SPS
● Conclusive mass hierarchy determination
● Significant exploration of CP phase delta
●  X10 sensitivity for nucleon decay  and astrophysics 

program

● LBNO has a clear upgrade path : larger mass and 
beam energy up to the ultimate facility the Neutrino 
Factory

● EOI submitted to SPSC and input to the strategy 
process
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1. The close detector must be built 250 m deep, 800 m from the target (decay 
tunnel is 300 m), severely constraining its design. No way to push down systematic 
errors.
    Estimate size of necessary ND, (Larg+MIND) and make excavation accordingly. 

We are talking 150 tons of Larg or scintillator and < 1kton of iron, this is <20 times 
smaller than the far detector. Not cheap, should be evaluated but cant see why this 
should be a show stopper.

2. Uncertainties in the matter density introduce an additional systematic error that 
potentially washes out CP sensitivity (i.e. 10% error on matter density changes the 
3σ coverage of a 20 kton detector from 30% to 0%)
The matter effect uncertainty on C2PY is estimated to be +-2% see note by Juha 
Peltoniemi 
 
3. ντ events are a severe background to the second oscillation maximum that 

potentially destroys its significance. 
This is an interesting point and should be studied, but in fine I believe that the 
possibility of producing taus will be turned from a handicap to an advantege. Tau 
decay into electrons but also muons, pion, rho and a1, and this, independently of 
the production mode. It is important to understand how well one can 
monitor/measure the tau production. Remember that the ability to produce taus 
justified a >200MCHF experiment CNGS+OPERA!  

Scientific concerns about the 2300 km baseline (Mauro Mezzetto) (I)
… and my comments (Alain) 
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4. The second oscillation maximum requires extremely good control of energy 
reconstruction that has not been demonstrated so far 
This is a very good point and should be addressed by simulations, but also with test beam 
and the near detector. Is there a possibility to expose the detector to a narrow band neutrino 
beam? 

5. Mass hierarchy effects are so big that either the neutrino or the antineutrino beam 
(depending from the hierarchy) will be almost fully suppressed. CP violation would be 
extracted from fits to sin(δ) and not by ν−ν asymmetry. Note that even νμ disappearance 
can provide fits to cos(δ). 

I find this point somewhat more formal than practical. This will remain a point of discussion 
for all long baseline experiments in which the matter effect is significant and must be 
subtracted. Does the subtraction of the matter effect spoil the determination of the 
difference between neutrino and antineutrino oscillation?  
The fact that νμ disappearance can provide fits to cos(δ) would be in strong support of the 
confirmation/test of the scheme with a 3x3 complex matrix. Mauro do you have more info on 
this?

Scientific concerns about the 2300 km baseline (Mauro Mezzetto) (II)
… and my comments (Alain) 
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Jalons et dates de la préparation de 
la stratégie pour les neutrinos

● Mai Workshop NuTurn au Gran Sasso

● Mai Town Meeting au CERN : input de la communauté

● 12-15 Juin: Réunion finale EURONU 

● 20 juin : soumission de l'Expression of Interest pour le 
faisceau CERN-Pyhasalmi

● 21-22 Juin GDR neutrino: discussion de la stratégie française 
et de l'executive summary de Giens

● 2-4 Juillet: Meeting Laguna-LBNO : costing du laboratoire et 
détecteurs à Pyhasalmi

● Fin Juillet: deadline des contributions pour Cracovie

● Septembre : Symposium sur la Stratégie à Cracovie
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