
My debts to Bruno 
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1. Double beta decay (then not on fashion) 
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Then not  “on fashion” (Few believed on lepton number non conservation) 
But important for the two of us     Bruno =.> !L =2 vs !S=0 
 My first experiment of "" decay of 60Ge   
Meeting with Bruno in Kiev and in Balatonfured  
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The great suggestion of Bruno  
 Neutrino oscillations 

2.  My first approach to a Reactor 
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3. The discovery of weak neutral currents 
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4. Solar neutrinos : the GALLEX and SAGE experiments 

Bruno comes to Italy for the first time! 
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Neutrino oscillations  => 	
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Neutrino oscillations => M#a – M#b ! 0   
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CMB Anisotropy 
µK ! nK 

WMAP 

DASI 

<m#>from cosmology 
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Limite attuale  < 2 eV  

Direct measurement of the neutrino mass 
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" decay 
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The second mystery of Ettore Majorana	

Double beta decay revisited !	
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Dirac or Majorana neutrino? 
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Double beta decays 

2nbb SM DL=0 
1935  M.Goeppert-Mayer, P.R. 48 (1935) 512   T>1020 

1967: 130Te,  Geochemical  
       Ogata and  Takaoka, Kirsten et  

1987:  82Se,  Direct counting Moe et al . 

1989 -2008  100Mo, 116Cd, 76Ge etc.  
        ELEGANT V, NEMO, HM-IGEX, etc  

E. Majorana, Nuovo Cimento 14 (1937) 171 
Symmetric Theory of Electron and Positron 

G. Racah, Nuovo Cimento 14 (1937) 322  
            0#"" for Majorana 
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Where to go ? 
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The problem of the Roman lead 

Dubna 22.2.2013 22 Ettore Fiorini: My debts to Bruno 



 A Roman “navis oneraria” shunk in Sardinia 
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After an indication by Double Chooz e Japan  Risults
 from Orient: Daya Bay  (China) and RENO (South
 Corea)  

28 

P(νa - νb ) = sen2θ[1.27 Δm2 L(km)/E(GeV)] 
Only  θ13 was missing  ! 

sin2 θ13 = 0.092 ± 0.016(stat) ± 0.005(syst) 
sin2 θ13 = 0.103 ± 0:013(stat) ± 0:011(syst) 

AN INPORTANT RECENT RESULT ON NEUTRINO OSCILLATIONS 

If Bruno would still be alive what a triumph for him! 
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