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The neutrino-less double beta decay 
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• Light Majorana neutrino exchange 

• Right-handed current (V+A), SUSY, 1 Majoron, etc. 

Different event topology in the final state

0νββ decay: 

• process forbidden in the SM  

 

(A,Z) ! (A,Z + 2) + 2e�

2νββ decay: 

• 2nd order process allowed in the SM  

• Single β decay forbidden (energy & angular momentum)

(A,Z) ! (A,Z + 2) + 2e� + 2⌫̄e
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Fig. 9. – The standard mechanism for ββ0ν decay, based on light Majorana neutrino exchange.

In other words, the value of the effective neutrino Majorana mass mββ in eq. (27) can
be inferred from a non-zero ββ0ν rate measurement, albeit with some nuclear physics
uncertainties. Conversely, if a given experiment does not observe the ββ0ν process, the
result can be interpreted in terms of an upper bound on mββ.

If light Majorana neutrino exchange is the dominant mechanism for ββ0ν, it is clear
from eq. (27) that ββ0ν is in this case directly connected to neutrino oscillations phe-
nomenology, and that it also provides direct information on the absolute neutrino mass
scale, as cosmology and β decay experiments do (see sect. 2.1). The relationship between
mββ and the actual neutrino masses mi is affected by:

1. the uncertainties in the measured oscillation parameters;

2. the unknown neutrino mass ordering (normal or inverted);

3. the unknown phases in the neutrino mixing matrix (both Dirac and Majorana).

For example, the relationship between mββ and the lightest neutrino mass mlight

(which is equal to m1 or m3 in the normal and inverted mass ordering cases, respectively)
is illustrated in fig. 10. This graphical representation was first proposed in [58]. The width
of the two bands is due to items 1 and 3 above, where the uncertainties in the measured
oscillation parameters (item 1) are taken as 3σ ranges from a recent global oscillation fit
[3]. Figure 10 also shows an upper bound on mlight from cosmology (mlight < 0.43 eV),
also shown in fig. 2, and an upper bound on mββ from current ββ0ν data (mββ <
0.32 eV), which we will discuss in sect. 3.5. As can be seen from fig. 10, current ββ0ν
data provide a constraint on the absolute mass scale mlight that is almost as competitive
as the cosmological one.

In figs. 2 and 10, we have shown only upper bounds on various neutrino mass combi-
nations, coming from current data. The detection of positive results for absolute neutrino
mass scale observables would open up the possibility to further explore neutrino prop-
erties and lepton number violating processes. We give three examples in the following.
First, the successful determination of both mβ in eq. (3) and mββ in eq. (27) via β
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SuperNEMO: the demonstrator module
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Extrapolate a well known technique (NEMO-3) 

One SuperNEMO module → 7 kg 82Se running ~2.5 y 

• To be installed @ LSM (replacing NEMO-3) 

Match SuperNEMO requirements 

• Background level ~ 10-4 cts./(keV kg y) 

• Background free at high energy (150Nd) 

• Sensitivity: 

• ⟨mν⟩ ~ 0.20 - 0.40 eV  

• ~1.5 better than NEMO-3

The SuperNEMO Experiment 

- Source foil: 
5-7 kg of 82Se (or 150Nd/48Ca) 

- Tracker: 
Drift chamber (2000 cells) 

- Calorimeter: 
500 PMTs & plastic scintillator 
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• SuperNEMO is a next-generation 0vββ experiment. 

Source 

Tracker 

Calorimeter Calorimeter 

• Phase 1: Demonstrator Module (7 kg of 82Se) 

• Phase 2: Up to 20 identical modules (100 kg of source) 

CalorimeterTrackerCalorimeter

ββ source
Bfield
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Demonstrator status
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• The detector integration proceeds well: 

• 2 calorimeters ready! 

• half-tracker ready, the second half is 
being integrated! 

• Source foils installation in March! 

• Shielding, magnetic coil, anti-radon 
facility and electronics should be installed 
by the summer 

• The detector should be commissioned 
during the summer  

• Physics run should start by the end of 2017
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Contribution from the labex (2014)

• Detector installation + commissioning + running 

• Physics data analysis
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Technical activities 
LAPP/LSM

Physics studies

The next step

• R&D and production of 82Se foil source 

• Development of the Control & Monitoring System 

• Chemical Se purification in collaboration with JINR (Dubna)

• Simulation/Sensitivity studies 

• NEMO-3 Data analysis
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Source foil production
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• 2 years R&D allowed to improve the design 
of the source foil and reduce the expected 
radioactivity budget 

• ~5 kg of purified Se-82 are being handled at 
LAPP to produce 23 foils 

• The source foil production is ongoing right 
now: a visit of the installation is possible 

• 4 foils will be installed next week in BiPo for 
the final radio-purity measurement 

• All foils will be installed in the detector in 
March

A. Remoto, D. Duchesneau, J.M. Dubois, A. Jeremie, T. Le Noblet
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Control and Monitoring System
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Local user 

Gas 
System 

Remote 
users 

CC IN2P3 

Ethernet Switch 

Web 
Access 

Slow 
Control 
System  
CMS 

O
P
C
U
A 

Deradonized 
Air 

Factory 

Eth Device 

RAW Device 

TRACKER/CALO FEs 

TRACKER High Voltage PS 

CALORIMETER High Voltage PS 

COIL Power Supply 

LED Calibration 

Other devices ? 

RADON 
SENSORS 

LSM 
Environmental 

Sensors 

O
P
C
U
A 

DAQ System 

REMOTE Control & Monitoring HARDWARE 

E. Chabanne, D. Duchesneau, T. Le Flour, S. Lieunard, J.L. Panazol 

• Status: 

• Half of subsystems controlled by Control & Monitoring System. Ongoing 
integration for the second half 

• DAQ + Front End Control Board + CMS: communication validated 

• Run Control Software upper layers interface: ongoing specification and design 

• Control/monitor environmental parameters, 
detector subsystems (local & remote) 

• Operate heterogeneous devices 

• Technical choice common with CTA project 

• Take advantage of existing experience



Alberto Remoto

Double beta decay of Cd-116 with NEMO-3

• Final measurement of 2νββ half-life and search 
for 0νββ decay process of 116Cd: 

T2ν1/2 = [2.74±0.04(stat.)±0.18(syst.)]×1019 y 

T0ν1/2 ≥ 1.0×1023 y @ 90% C.L.  ⟨mν⟩ ≤ 1.4−2.5 eV 

• aXiv:1610.03226, Under review by PRD 

• Limits competitive with the best limits set for 
116Cd. 

• Excited state analysis ongoing (Ph.D. at LAPP)
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Publications and conferences since 2013
• Conferences:  

• 3 Talks @ NOW 2014 (Otranto), NeuTel 2015 (Venezia), EPS 2015 (Wien) 

• 4 Poster @ Nu2014 (Boston), 2 x Nu2016 (London), 2 x ICHEP 2016 
(Chicago) 

• Papers: 

• Phys.Rev. D89 (2014) no.11, 111101  

• Nucl.Phys. A925 (2014) 25-36  

• Phys.Rev. D92 (2015) no.7, 072011  

• Phys.Rev. D93 (2016) no.11, 112008 

• Phys. Rev. D 94, 072003 (2016) 

• ArXiv:1610.03226, Under review by PRD  

• K. Lang U. Texas (MINOS+ spokesperson, chair of the SuperNEMO source 
foil package) in sabbatical year @ LAPP from July 2014 to September 2015
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Conclusions

• The foil production is expected to finish in March 2017, foil installation 
will start shortly after 

• Commissioning and start of data-taking are expected in 2017 

• LAPP technical activities should end in 2017 

• Scientific activity will most likely end in 2017 due to lack of manpower 

• My contract will finish in March 2017 

• Ph.D thesis currently ongoing will finish in October 2017
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