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Then not  “on fashion” (Few believed on lepton number non 

conservation) 

But important for the two of us 

 

Experiments source = detector 

48Ca => 48Ti + 2 e- + ( 2ne )         Matheosian & Goldhaber 

 

 76Ge => 76Se + 2 e- + ( 2ne )           E.Fiorini et al    

 

    Bruno =.> DL =2 vs DS=2 

 

A comment by Mrs. Wu 
1 

Double beta decay: yesterday, today, tomorrow 

Bruno Pontecorvo in KIEV and Balatonfured 
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1. (A,Z)  => (A,Z+2) + 2 e-  + 2  ne 

      Two neutrino double beta decay Allowed by the standard model  

      Found in eleven nuclei ( 130Xe is new!) to ground state and in two 

to excited state 

 

2. (A,Z)  => (A,Z+2) + 2 e-  + c  ( …2,3 c)  

Emission of a massless Goldston boson named Majoron   

  

3. (A,Z)  => (A,Z+2) + 2 e- 

       Neutrinoless double beta decay. The two electrons share the total 

transition energy E1  +  E2  =>  DE => a peak appers in the sum 

spectrum of the two electrons  

                Other possible “DL=2” decays 

 

- Double positron decay => b+ b+  

- Positron decay + Electron Capture => EC- b+   

- Double electron capture  => EC-EC 
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The first Germanium experiment 
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BRUNO returns to Italy ! 
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The great suggestion of Bruno => Neutrino oscillations 



7 7 

   Neutrino oscillations => Mna – Mnb ≠ 0   
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WMAP 

DASI 

Smn from cosmology 
<440-760=>~100 meV 
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Limite attuale  < 2 eV  

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

<=            => 
Majorana 
=>1937 

Dirac or Majorana neutrino? 

RIGHT 

LEFT 

n: 

n: 
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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  

 

 

 

 0nbb beyond SM DL=2 

  

E. Majorana, Nuovo Cimento 14 (1937) 171 

Symmetric Theory of Electron and Positron 

 

G. Racah, Nuovo Cimento 14 (1937) 322  

            0nbb for Majorana 
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e- 

e- 

Source   detectors  Source = detector   



14 14 



15 

Nuclear Matrix Elements  
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The simplified  approach by H.Robertson 
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76Ge: (1.4-7.7)· 1028 yr 
130Te: (0.22-1.3) 1028 yr 

136Xe: (0.32-2.2)·1028 yr 
<= 
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Where to go ? 
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EXO-200 => T2n
1/2           2.71±0.017(stat.)±0.06(sys.)×1021 yr.  

Kamland-Zen                 2.38 ± 0.02(stat) ± 0.14(syst) × 1021 yr  

 GERDA  I                       1.84 +0.14 -10(stat)  × 1021 yr 
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<mn> ~  0.34eV 

Possible evidence in 0nbb in 76Ge 

(H.Klapdor et al)  
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Isotope Technique 
n

1/2 y) <mbb eV 

48
Ca CaF2 scint >1.4x10

22 
<7-45 

76
Ge (HM)

 
Ge diode >1.9x10

25
 <(0.3-1.27) 

76
Ge (IGEX) Ge diode >1.6x10

25
 <(0.33-1.35) 

76
Ge (Klapdor 2004) Ge diode 1.2x10

25
 .38 

76
Ge (Klapdor 2006) Ge diode 2.2x10

25
 .28 

76
Ge (GERDA I) Ge diode >2.1x10

25
 <(.29-1.1) 

76
Ge (GERDA+HM+IGEX) Ge diode >3x10

25
 <(.25-.98) 

82
Se

 
Foil&track >.6x10

23
 <(0.89-2.) 

96
Zr

 
Foil&track >9.2x10

21
 <(7.2-19.5) 

100
Mo Foil&track >1.1x10

24
 <(0.31-.79) 

116
Cd Scintillator >1.7x10

23
 <1.7 

128
Te Geochem >7.7x10

24
 <(1.1-1.35) 

130
Te Bolometer >2.8x10

24
 <(0.3-.7) 

136
Xe EXO  >1.6x10

25
 <140-380 

136
Xe

 
Kamland Zen >1.9x10

25
 <128-349 

136
Xe

 
EXO+Kamzen   <120-250 

150
Nd Foil TPC >1.8x10

22
  

 

Present results on neutrinoless DBD 
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                      SNO                                    KAMLAND-ZEN 

                                   

                   GERDA                   Majorana                   Cobra        
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1. Central source foil frame : 7 kg of isotope2 

2.  Tracking : 2 000 drift chambers 

3. Calorimeter : 712 scintillators+ PMTs 

 Shielded by iron (300 tons) and water 

SUPERNEMO 
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EXO 
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Cryogenic Detectors 



32 32 



33 

A 2.2 kg TeO2 
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: 

0.8 keV FWHM   @  46 keV 

1.4 keV FWHM  @ 0.351 MeV 

2.1 keV FWHM  @ 0.911 MeV 

2.6 keV FWHM  @ 2.615 MeV 

3.2 keV FWHM  @ 5.407 MeV  

 

(the best   a  spectrometer so far 

210
Po a line 

34 

Energy resolution of ea crystal of  TeO2 5x5x5 cm3 (~ 760 g ) 

34 
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Mibeta (Milan) an array of  20 bolometers of  TeO2  of 320 =>  6.8 kg 

CUORICINO (CUORICINO Coll.)                                     =>   40.7 kg 

CUORE (CUORE coll)            988 crystals of  750 g          =>    741 kg 

E. FIORINI: CUORE: a Cryogenic Underground Observatory for Rare Events,  

Physics Reports  307 (1998) 309  

130 Te => 130 Xe + 2 e   a.i,. ~ 34%  DE = 2527 keV 

Searches of bb decay with thermal detectors 
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Progress of thermal detectors  
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CUORICINO 
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19.75 kg  y  =>  90% limit   1/2  > 2.8 x 1024 a     =>    <mn>  300-710 meV   
38 
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CUORICINO CUORE0 CUORE 
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CUORE0 
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Now a competitor 

 

SNO+ dissolves Te in the scintillator 
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Compound Isotopic abundance  Transiton energy 

48CaF2  .0187 % 4272keV 

76Ge  7.44   " 2038.7  " 

100MoPbO4   9.63   " 3034     " 

116CdWO4 7.49   " 2804     " 

130TeO2 34      " 2528     " 

  150NdF3      
150NdGaO3                    5.64    " 3368“ 

Other possible candidates for  bb decay 
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The future 
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Scintillation plus Heat 
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CUORE - LUCIFER 

CdWO4 

ZnSe 

ZnMoO4 

? 
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Now a competitor  AMORE 

Advanced Mo based Rare process Experiment  
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A non conventional conclusion 
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An Italian and a Russian 

 

Two examples : 

1.The cabbage 

2 The pioneers house 

                         The best week of my life 

 

Mail by Samoel : 

“Dear Ettore, 

Bruno died yesterday night by pneumonia in the Dubna Hospital.  

It is a great loss for our science and his friends. I worked with him for 

20years  and thank  God for that” 
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But Bruno was interested also in  

our problem of the Roman lead 
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 A Roman “navis oneraria” sunk in Sardinia 
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53 Rome Sept.11,2013 53 Ettore Fiorini My debts to Bruno 


