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Beyond the Standard Model with neutrinos
● Standard Model = Gauge symmetry group+Lorentz+renormalizability
● Give up the renormalizability
● Effects of physics beyond the SM as effective operators
● Can be classified systematically (Weinberg)

Lowest order effect of physics at short distances !
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• Processes out of thermal 
equilibrium

• Violation of C and CP :

•B violating process

The universe today contains very little antibaryons (NBar >>NB̅ar) while the initial state is 
supposed to be symmetric (NBar = NB̅ar). 

● How can we explain dynamically the observed baryon number B ?
● Sakharov conditions (1967): 

•Decay out of equilibrium of 
superheavy neutrino (m~GUT 
scale)

•CP violating decays of N to 
leptons

•Processes violating B+L convert 
the lepton asymmetry into B 
asymmetry

Fukugita and Yanagida PLB174 45 (1986)

Neutrino and the origin of matter
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Next steps

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

● CP violation phase delta, mass 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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Huber,Lindner,Schwetz,Winter, 0907.1896
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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 



 Marco Zito 
Saclay 27 Juin 2012

17



 Marco Zito 
Saclay 27 Juin 2012

18



 Marco Zito 
Saclay 27 Juin 2012

19



 Marco Zito 
Saclay 27 Juin 2012

20



 Marco Zito 
Saclay 27 Juin 2012

21

A multi-purpose neutrino 
observatory

● Physics case : MH, CPV, Proton decay, Nu 
astrophysics

● Sensitivity to nu_e, nu_mu, nu_tau
● A multi-purpose detector : fine grained tracker, 

PID, calorimeter, hadronic energy
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Bubble chamber 3D detector

Active R/D  at FNAL and KEK

ARGONEUT at FNAL
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Micromegas R/D with pure Argon

Stable operation in cryogenic environment
2ppb O2 in Lar
First cosmics tracks observed
Amplification

ETHZ Cryostat 
at CERN
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Electron pi0 separation
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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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