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Dirac, Majorana and lepton number violation 

Neutrino is the only known electrically neutral fermion  
 
Thus, the only quantum number that can be used to distinguish between neutrino (ν ) and anti-

neutrino (ν¯) states is lepton number. However, there is no gauge symmetry associated with lepton 

number and, as such, there is no fundamental reason that this quantity should be conserved.  
 

  Majorana particle: neutrino is its own anti-particle  lepton number violation  
 



The neutrino mass 

Neutrino is massive but not a lot ! 
 





 A key low energy nuclear process: double beta decay  



T1/2= F(Qbb,Z) |M|2 <mn>2 -1 

Phase space factor Nuclear matrix element 

                        Effective mass: 

 

<mn>= m1|Ue1|
2 + m2|Ue2|

2.eia1 + m3|Ue3|
2.eia2 

 

|Uei|: mixing matrix element 

a1 et a2: Majorana phase 
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(A,Z)            (A,Z+2) + 2 e- 

Neutrinoless double beta decay and neutrino properties 



Neutrinoless double beta decay and the effective neutrino mass 



(A,Z)            (A,Z+2) + 2 e-  

Key observable: total kinetic energy of the two electrons 

Electron sum energy/Q-value 
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Two different approaches: calo and tracko-calo techniques 

 

a) very accurate measurement of the energy to observe the energy peak sum                  

b) detection of the two emitted electrons  to reduce background 

b b 

Calorimetric measurement: calo 

 

Detector is the source 

Limited number of bb isotopes 

Excellent energy resolution 

Background (?) 

b 

b 

Electron detection: tracko-calo 

 

Control of background 

Poor energy resolution 

More bb isotopes but need source ‘technology’ 

 enrichment 

        radio-purity 

 conditionning (foils)   
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Principle of experiments with electron detection (tracko-calo method) 

Multi-isotope detector 

High rejection of background 



100Mo   6.914 kg 
      Qbb = 3034 keV 

82Se   0.932 kg 
      Qbb = 2995 keV 

116Cd   405 g 
      Qbb =  2805 keV 

96Zr       9.4 g 
      Qbb = 3350 keV 

150Nd   37.0 g 
      Qbb =  3367 keV 

  Cu      621 g 

48Ca       7.0 g 
      Qbb = 4272 keV 

natTe     491 g 

130Te     454 g 
      Qbb = 2529 keV 

bb2n measurement 

External bkg  

measurement 

bb0n  search 
(All enriched isotopes produced in Russia) 

NEMO3 isotopes 
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The NEMO3 detector@LSM (Frejus tunnel, underground) 



bb isotope foils 

scintillators 

PMTs 

Calibration tube 

Cathodic rings  

Wire chamber 

A sector of the NEMO3 detector 
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M: masse (g) 
e : efficiency 
KC.L.: Confidence level 
N: Avogadro number 
t: time (y) (~ 8 years for NEMO3) 
NBckg: Background events (keV-1.g-1.y-1) 
DE: energy resolution (keV) 
 

Requirements: 
Mass of enriched  bb  isotopes as large as possible  

Efficiency as large as possible 

Background as low as possible   

 extreme radiopurity of the materials used for the detector 

 very low external  background (underground  laboratories) 

Energy resolution as best as possible  and under control (slow control of the device) 

Time of exposure as large as possible (stability of the detector for many years) 

 

Measured experimental half-life in the presence of background 



Background from natural radioactivity and cosmic 



208Tl (2.6 MeV g ) 

214Bi (and radon) 

 208Tl (and thoron) 
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Source of background from natural radioactivity 

Detectors installed underground 

Selection of all materials used in the detectors (radio-purity) 

Shielding against gamma-ray from the rocks 

Suppression of radon in the air inside the detector 



Cos() 

Angular distribution 
219 000  events 

6914 g 

389 days 

S/B = 40 

NEMO-3 

100Mo 

 E1 + E2  (MeV) 

Sum energy spectrum 
219 000  events 

6914 g 

389 days 

S/B = 40 

NEMO-3 

100Mo 

Background  
subtracted 

•  Data 

2b2n  
Monte Carlo 

•  Data 

2b2n  
Monte Carlo 

Background  
subtracted 

«bb factory» →  tool for precision test 

T1/2(bb2n) = 7.11 ± 0.02 (stat) ± 0.54 (syst)  1018 years 
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   Phys. Rev. Lett. 95 182302 (2005)  

Some NEMO3 results 



NEMO3 results 

  T1/2 > 1.1 1024 yr                  <mn> < 0.3 – 0.7 eV 



(A,Z)            (A,Z+2) + 2 e-  

Key observable: total kinetic energy of the two electrons 

Electron sum energy/Q-value 
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Experiment isotope Mass 
(kg) 

Half-life 
limit in 
years 

Neutrino 
mass limit 

 in eV 

H.M. 76Ge 14  1.9 1025 0.21 -0.53 

GERDA 76Ge 14 1.9 1025 0.20 -0.40 

Cuoricino 130Te 12 2.8 1024 0.27 – 0.57 

NEMO3 100Mo 7 1.1 1024 0.31 – 0.79 

EXO-200 136Xe 200 1.6 1025 0.14 – 0.38 

Kamland-
Zen 

136Xe 400 2.6 1025 0.14 – 0.26 

Latest results from other experiments  

Neutrino mass limit ‘window’ due to uncertainties in NME estimations 

NME values based on calculations (Shell Model, QRPA) 



T1/2= F(Qbb,Z) |M|2 <mn>2 -1 

Phase space factor Nuclear matrix element 

                        Effective mass: 

 

<mn>= m1|Ue1|
2 + m2|Ue2|

2.eia1 + m3|Ue3|
2.eia2 

 

|Uei|: mixing matrix element 

a1 et a2: Majorana phase 
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(A,Z)            (A,Z+2) + 2 e- 

Neutrinoless double beta decay and neutrino properties 



Future experiments 

Lower limit ~.15 eV 
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From NEMO-3 to SuperNEMO 

T1/2(bb0n) > 2. 1024 y 

<mn> < 0.3 – 1.3 eV 

T1/2(bb0n) > 2. 1026 y 

<mn> < 40 – 110 meV 

Sensitivity 

7 kg 100Mo 

T1/2(bb2n) = 7. 1018 y 

100 kg 82Se 

T1/2(bb2n) = 1020 y 

Mass of isotope 

Energy resolution 
FWHM ~ 12% at 3 MeV 

(dominated by calorimeter ~ 8%) 

FWHM ~ 7% at 3 MeV 

(dominated by source foil) 

Efficiency 
        e(bb0n) = 8 % 

poor energy resolution 

e- backscattering on scintillator 

e(bb0n) ~ 40 % 

Internal contaminations  

in the source foils in 208Tl and 214Bi 

214Bi < 300 mBq/kg 
208Tl < 20 mBq/kg 

214Bi < 10 mBq/kg 
208Tl < 2 mBq/kg 

Background 
bb2n  ~ 2 cts / 7 kg / y 

(208Tl, 214Bi) ~ 0.5 cts/ 7 kg /y 

bb2n + (208Tl,214Bi)  

≤ 1 cts/ 100 kg /y 
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A SuperNEMO module 



SuperNEMO project@LSM 

A module 

20 modules 



SuperNEMO project: present status 

Building of a demonstrator @LSM 

* Mechanical infrastructure is ready  

* Tracker  (built in GB) has been commisionned and is ready to install 

 *Calorimeter (~ 500 optical modules) have been mounted and tested 

(CENBG) 

* Electronics and slow control are (almost) ready   

* Source foils have been prepared and their radiopurity tested 

 

Full installation before the end of 2016 

Start of data acquisition middle of  2017 
 

  



 Future projects 



 The study of neutrinoless double beta decay is an important  

       issue in particle physics: 

 

                      nature of the neutrino: Dirac vs Majorana, lepton number violation 

                      mass of the neutrino 

 

 The experiments are extremely challenging 

 

 No signal observed up to now 

 

 Present sensitivity on neutrino mass is in the 0.15 – 0.60 eV range  

          

 Next generation of detectors (> 100 kg) should  allow to reach <mn> < 0.05 eV 

 

 New ideas are required for higher mass (1 ton) to reach the meV range 

 

Summary 


