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2νββ Decay 



2νββ 

0νββ 

0νββ Decay 

If 0νββ occurs then the neutrino is a Majorana particle and the 
neutrino and antiparticle are not distinct.  Lepton number is not 
conserved! 
  



Experimental Signal of Double Beta Decay 

Γ0ν = G0ν(Q,Z) |Mnucl|2 <mββ>2 
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Higgs Boson, Majorana Mass and Lepton Number 
Conservation 



LVD!

A Theorem 
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82Se, 35 events 

S. Elliott M. Moe 1987 

Mike Moe 

First direct detection of 2νββ 
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76Ge   

≥ 3 x 1020 years 

48Ca   

≥ 2 x 1020 years 



Claimed Observation of 0νββ in 76Ge  
5 detectors  of overall 10.96 kg enriched to 86%. 
Most sensitive to date. 

T1/2 = (0.67 - 4.45) x 1025 years (99.73% C.L.) 
Majorana ν Mass!!

!<mββ>  = (0.1 - 0.9) eV (99.73% C.L.)!

! <mββ> best = 0.45 eV ! !!

Heidelberg-Moscow 
Experiment!

Pulse-shape 
selection !

Klapdor et al., Phys. Lett B 586 (2004)!56.66 kg-yr!
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Γ0ν = G0ν(Q,Z) |Mnucl|2 <mββ>2 
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Neutrino Mass Hierarchy 

Δmatm
2!

Δm¤
2!

mν > 40 meV!

mν >  8 meV!

normal! inverted! quasi-degenerate!



Experimental Sensitivity 
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Atomic 
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Background!

Detector Mass!

Running time!

mββ ∝1/ T1/2
0ν ∝1/ MT( )1/2
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Background Free 

With Background 



Guide to selecting an experiment 
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Γ0ν ~ G0ν(Q,Z) |Mnucl|2  
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Total detector mass: 40.7 Kg ⇒ 11.64 Kg 130Te!

Cuoricino 

11 modules, 4 detector each 
crystal dimension: 5x5x5 cm3 

crystal mass: 790 g 
44 x 0.79 = 34.76 Kg of TeO2 

2 modules x 9 crystals each!
crystal dimension: 3x3x6 cm3!

crystal mass: 330 g!
9 x 2 x 0.33 = 5.94 Kg of TeO2!

!(2 enriched in 128Te @82.3%)!
!(2 enriched in 130Te @75%)!



Cuoricino 

90% C.L. 
t1/2  > 2.8 x 1024  [yr]  
<mββ> < 0.3 - 0.7 eV 

TOTAL EXPOSURE  
19.75  [kg(130Te) yr]   
 

Q-value = 
 2527.518 ± 0.013 keV 
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NuSAG 2005 



0ββν Experiments 



Experiments that can confront 
the existing claims about 0νββ  

Experiment Mass Plan 
CUORE0 
CUORE 

~10 Kg 
~200 Kg  

2012 
2014 

EXO-200 ~200 Kg  2011 
GERDA I/II ~34 Kg  2011/2013 
KamLAND-Zen ~300 Kg 2012 
MAJORANA ~30 Kg  2013 
NEXT ~100 Kg  2014 
SNO+ ~60 Kg  2013 
SuperNEMO  ~7 Kg 2013 



Recent results from 136Xe 



CUORE 
Cryogenic Underground  

Observatory for Rare Events 



CUORE Bolometer 

Heat sink: ~8 mK!
Thermal coupling: Teflon!
Absorber: TeO2 crystal!
Thermometer: NTD Ge thermistor!

TeO2 Bolometer: Source = Detector 

Time (msec) 



CUORE and CUORE0 

CUORE0: 
A single tower of 
CUORE in the 
Cuoricino 
cryostat 

CUORE: 
19 towers of 52 
crystals each In a 
specially 
designed 
cryostat and 
3He-4He dilution 
refrigerator 
 

Single tower: 
52 5x5x5 cm3 
crystals  
 



Sensitivity of CUORE0 and 
CUORE 
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Cuoricino
CUORE-0 - bkg: 0.05 cts/(keV kg y)
CUORE - bkg: 0.01 cts/(keV kg y)



• LXe time projection chamber 
 (TPC) with liquid 136Xe 

• Eventual Ba tagging 

EXO - Enriched Xenon Observatory 



EXO-200 



EXO-200 

Scintillation: 6.8% 
Ionization:  3.4% 
Combined:  1.6% 
(at 2615 keV gamma line) 

 



No peak observed at 
Qββ. 

Use the same 
background model to 
construct a limit for 
peak at Qββ via a 
likelihood ratio 
hypothesis test. 

±σ 
±2·σ 



MAJORANA - GERDA 

•  ‘Bare’ enrGe array in liquid argon   
•  Shield: high-purity liquid Argon / H2O 
•  Phase I: ~18 kg (HdM/IGEX diodes) 
•  Phase II: add ~20 kg new detectors - 

Total ~40 kg 

GERDA 

•  Modules of enrGe housed in high-purity 
electroformed copper cryostat  

•  Shield: electroformed copper / lead  
•  Initial phase: R&D demonstrator 

module: Total ~60 kg (30 kg enr.) 

MAJORANA 

Gran Sasso SURF 
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Borexino!

GERDA 



MAJORANA DEMONSTRATOR (MJD) 
•  Located underground at 4850’ 

Sanford Lab in SD 

•  40 kg of HPGe detectors: 
–  30 kg of 86% enriched 76Ge crystals 
–  10 kg of natural Ge crystals 

•  2 independent cryostats 
–  Ultra-clean, electroformed Cu 
–  20 kg of detectors per cryostat 
–  Scalable design 

•  Compact shield 
–  Low background passive Cu and Pb 

shield 
–  Active muon veto 

 

Background Goal in the 0νββ peak ROI (4 keV at 2039 keV): 
 ~ 3 count/ROI/t-y after analysis cuts (scales to 1 count/ROI/t-y for 

tonne expt.)  



Status: Detectors 

•  20 kg of natGe detectors (“modified BEGe 
detectors” by Canberra) in hand, and are 
stored underground at SURF. 

•  ORTEC selected to produce enrGe detectors.   
•  ORTEC has produced a detector from natural 

Ge purified by ESI.  enrGe detector production 
begins in Fall 2012. 

•  Detector mounts and signal processing 
electronics for prototype cryostat in good 
shape. 





SNO+ ‘repurposed SNO’  



KamLAND Zen – ‘repurposed KamLAND’  

3.0wt% Xe(390kg)  
90% enriched 136Xe  
<m>=150meV  
Baloon : 25µm  
Rballoon : 1.7m  
232Th, 238U : 10-12g/g  
10C : 95% tag  



6180 octogonal Geiger cells  
1940 plastic scintillators (d=10 cm) 

source-foils  
(d=50 µm A=20 m2) 

NEMO Experiment at Modane 

Neutrino Ettore Majorana Observatory 
 

100Mo 

82Se 
100Mo 



SuperNEMO preliminary design 

Plane and modular geometry: ~5 kg of enriched isotope per module 

Top view Side view 
5 m 

1 m 

4 m 

20 modules: 100 kg of enriched isotope 
             ~ 60 000 channels for drift chamber 
             ~ 20 000 PMT if scint. block  
             ~ 2 000 PMT if scint. bars 

1 module:  Source (40 mg/cm2) 4 x 3 m2 

  Tracking volume: drift wire chamber in Geiger mode, ~ 3000 cells 
  Calorimeter: scintillators + PMTs 

1 m 
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