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ββ0ν decays
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Dirac neutrinos
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Majorana neutrinos
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Experimental approach
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Double beta decay
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Two neutrino mode 
•Observed in several nuclei 
•1019-1021 yr half-lives 
•Standard Model allowed
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Neutrinoless double beta decay
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Lepton number violating process 
implying massive Majorana neutrinos
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Neutrinoless mode 
•Requires Majorana neutrinos 
•Not observed yet in Nature 
•>1025 yr half-lives 
•Would signal Beyond-SM physics

• See Boris Kayser lectures



Neutrinoless double beta decay and the neutrino mass
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Majorana ν mass:  
mββ ≡ ｜∑i mi Uei2｜

(Rate)ββ0ν ∝ mββ2
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Exploring Majorana landscape
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Figure 1. 1� allowed regions for two degrees of freedom in the observables space m�� and
P

m⌫ by
neutrino oscillation and cosmological data, assuming normal (green) and inverted (sky blue) mass
hierarchy.

• 28  m��  145 for the inverted hierarchy.

We find that, irrespectively of the (quasi-degenerated) hierarchy, the 1� range of m��

is [26, 145]. Therefore, a confirmation of the results presented in [2] are very important to
validate the 20-meV target sensitivity for neutrinoless double beta decay experiments, needed
to identify the nature of neutrinos irrespectively of the mass hierarchy.

4 The current generation of ��0⌫ experiments

The detectors used to search for ��0⌫ are designed, in general, to measure the energy of the
radiation emitted by a ��0⌫ source. In a neutrinoless double beta decay, the sum of the kinetic
energies of the two released electrons is always the same, and equal to the mass difference
between the parent and the daughter nuclei: Q�� ⌘ M(Z,A)�M(Z + 2, A). However, due
to the finite energy resolution of any detector, ��0⌫ events would be reconstructed within
a given energy range centred around Q�� and typically following a gaussian distribution.
Other processes occurring in the detector can fall in that region of energies, thus becoming a
background and compromising drastically the sensitivity of the experiment [6].

All double beta decay experiments have to deal with an intrinsic background, the standard
two-neutrino double beta decay (��2⌫), that can only be suppressed by means of good energy

– 5 –

3X

i=1

mi = 0.32± 0.11

Phys. Rev. Lett. 112, 051303 (2014) 

JCAP 1303 (2013) 043 

	  
Discovery potential of xenon-based 

neutrinoless double beta decay experiments 
in light of small angular scale CMB 

observations 

Evidence for Massive Neutrinos from 
Cosmic Microwave Background and 

Lensing Observations
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• Degenerated: mββ~50 meV 
• Inverse: mββ~20 meV 
• Normal: mββ~2 meV



The NME
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(T 0⌫
1/2)

�1 = G0⌫(Q,Z) |M0⌫ |2 m2
��

• Difference between models can be up to a factor 3 in M →factor 10 in mββ 
• The discrepancy in NME is a major source of uncertainty (in particular if no 

discovery is made)
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