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Neutrinoless Double Beta Decay Neutrinoless Double Beta Decay 

 Neutrinoless double beta decay: general aspects
 Experimental general aspects
 GERDA experiment as an example
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Double Beta Decay: is the Double Beta Decay: is the νν a Majorana particle?   a Majorana particle?  
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Double Beta Decay in a nutshell Double Beta Decay in a nutshell 
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Neutrinoless Double Beta Decay in a nutshell Neutrinoless Double Beta Decay in a nutshell 

ν
e
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Sensitivity to the light Majorana neutrinoSensitivity to the light Majorana neutrino
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00νββνββ searches in practice searches in practice

In case of 
sizeable bkg
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00νββνββ searches in practice searches in practice

In case of 
zero bkg T 1/2

0ν  >  
N A ln 2

nσ
× ϵ
A
×(M×t )
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Few important aspects … Few important aspects … 
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Few important aspects … Few important aspects … 
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Which technology?Which technology?
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Watchout for the NME...Watchout for the NME...
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… … but also the axial coupling constant but also the axial coupling constant 
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GERDA experiment as an example   GERDA experiment as an example   
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Gerda @ LNGS: Background reductionGerda @ LNGS: Background reduction

 GERDA situated in LNGS             
 underground laboratories

 3800 m.w.e.

       
3800 m.w.e.

External: 
 γ from Th and U chain
 neutrons 
 μ from cosmic rays 
(prompt and delayed)

Internal: 
 cosmogenic 60Co (T1/2=5.3 yr)
 cosmogenic 68Ge (T1/2=271 d)
 Radioactive surface 
contaminations

Possible backgrounds from:
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 Graded shielding against ambient radiation
 Rigorous material selection, 
 Avoid exposure above ground  for enriched (86% 76Ge) Ge detectors
 Active background suppression

Phase I array: 
coaxial detectors
86% 76Ge enriched

Clean room

Steel cryostat with 
internal copper shield

High-purity LAr (64m3): shield  and coolant 
in Phase II: active veto

Ultrapure water (580m3):  
n  moderator, Cherenkov 
medium for μ veto

Lock

Gerda @ LNGS: Background reductionGerda @ LNGS: Background reduction

The Gerda experiment for the search of 0 decay in 76Ge

Eur. Phys. J. C (2013) 73:2330 

Phase II array: 
BEGe detectors
86% 76Ge enriched
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Active background reduction tools Active background reduction tools 

```````

➢Anti-coincidence with the muon veto (MV)
➢Anti-coincidence between detectors (cuts multi-site) (AC)
➢Active veto using LAr scintillation (LAr Veto)
➢Pulse shape discrimination (PSD) 
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Phase II GERDA spectraPhase II GERDA spectra

➢ Full statistics
➢ LAr and PSD highly effective cuts
➢ Final background at Q

ββ
 O(10-3 counts/keV· kg· yr)
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Statistical AnalysisStatistical Analysis

➢Frequentist analysis:
Best fit N0ν = 0
T0ν

1/2
 > 1.8·1026 yr @ 90% C.L.

Median Sensitivity (NO Signal)
T0ν

1/2
 > 1.8·1026 yr @ 90% C.L.

➢ upper limit on 
 m

ββ
 < 79 – 180 meV

➢Bayesian analysis:
T0ν

1/2
 > 1.4·1026 yr @ 90% C.I.

Median Sensitivity:  
T0ν

1/2
 > 1.4·1026 yr @ 90% C.I.
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