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Imaginary solutions  to the Dirac’s equation 

• Existence of couples of particle-antiparticle with 

opposites quantum numbers.

• Prevents the absence of neutrinos in the 

double beta decays.


Majorana interpretation  only real solutions

• Unique set of quantum numbers for fermions: 

particle and its antiparticle are the same.

• Allows double beta decays without neutrinos.

⇒

Neutrinoless Double Beta Decay (0⌫2�)

If the neutrinos are Majorana particles the Lepton Number Violating
(�L = 2) decay could occur: (A,Z) ! (A,Z + 2) + 2e�
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Several possible 0⌫2�processes:

I Majorana neutrino
exchange m��

I Right Handed Current

I Majoron

I SUSY
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How to detect the 
absence of an 

(almost) undetectable 
particle? 

Double beta decays, electrons energy:

• With neutrino  Continuous spectrum from 

0 to  value. 

• Without neutrino  Resolved peak at the 
 value (electrons kinetic energy accounts 

for all the available energy).

⇒
Qββ

⇒
Qββ
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• The first step of the R2D2 project with the final goal of observing the so called 
0νββ decay is the demonstration of the energy resolution: 1% FWHM at 2.458 
MeV.  

• A resolution of 0.6% FWHM at 662 keV in proportional counter has already been 
demonstrated (this could be rescaled to 0.3% at the Xenon Q value of 2.458 
MeV).

• We have today a prototype at 
CENBG: we are learning how the 
detector works and improving it to 
reach the final goal.

Mechanics 

Focus on energy resolution  radiopurity not yet a 
requirement built in aluminium at CENBG (easy 
machining properties and low cost).


Two holes are foreseen (also used for pumping and filling 
the detector): 

• One for the anode supporting rod and HV (top), 

• Another to insert a calibration source (bottom).

⇒
⇒

A simple design 

1.Grounded sphere contains beta emitter gas and 
central anode (used as readout). 


2.High voltage on anode  Electric field  Drift of 
electrons produce by beta tracks energy deposit. 


Spherical geometry    (E(r): Electric 

field , : sensor radius, : sphere inner radius). 

3.Proportional mode (sufficiently high voltage): 

electrons create a secondary ionization (close to 
anode) resulting in an avalanche.


4.The ions created in the process drift towards the 
cathode, inducing signal on the anode.


5.Electronic chain read the signal.

⇒ ⇒
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Detector features 

Low energy threshold: measurement of single electron has been demonstrated.


Simple geometry and low material budget  extremely low background detector. 
Capacitance tends to   electronic noise not affected by the cathode radius.


Small W value (~26.4 eV for Xenon)  good intrinsic energy resolution.


Adding a light readout (silicon photomultiplier) allows to measure the drift time, leading to the 
radial distance of the energy depositions.


Use with different gases while conserving the same background, making it rejection easier.


The operation mode could be changed from proportional to ionization mode  much lower 
High-Voltage on the anode.


⇒
4πϵ0ϵra ⇒

⇒

⇒

Gas purity 

Electronegative impurities (i.e. Oxygen)  electron 
attachments  lower gain.


No leaks and good vacuum (  mbar): mechanical 
elements have to be compatible both with vacuum and high 
pressure.


To trap the  molecules,  a recirculating system with an 
oxygen getter is under commissioning,

⇒
⇒
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Noise and electronics  

Noise control (acoustic and electronic) is 
crucial:

• Elements are grounded together,

• The detector is located in a low noise room,

• Vibrations are reduced using vibration dumping 

cushions.

• Sensor rod is hold through viton joint, 

decoupling the sensor supporting rod from 
the sphere.

Low noise readout electronics chain is also mandatory: 

• HV splitter (decouple signal from high-voltage), 
• preamplifier (shaping and first stage amplification), 

• DAQ card (CALI card and SAMBA software, also used in EDELWEISS and 

NEWS-G experiments).


A custom preamplifier has been developed at CENBG, funded by the 
OWEN grant.

The layout of the preamp (Figure 5) has been optimized for noise and parasitic 
capacitance. The pinout is pin compatible with the CREMAT CR-110, which is our 
reference. 
 

 
Figure 5: OWEN Charge Sensitive Preamplifier. 

In order to polarize the sensor, the preamplifier is coupled to a high voltage filter 
described in the simplified circuit above. A noise measurement was made under these 
conditions. For comparison, with the high voltage filter, the equivalent noise charge for 
the CREMAT CR-110 is 856e- and 566e- for the OWEN preamp (figure 6a 6b). 
 

    
Figure 6a: Baseline noise measurement (CREMAT on left, OWEN on right) 

 

    
Figure 6b: Response of 1fC input charge (CREMAT on left, OWEN on right) 

 

 
 
 
 
 

Gas for operation 

, a double beta decay isotope, was chosen because of: safety at operation, relatively low 
cost and natural abundance (~9%).  

High density is required to contain electrons, but it could affect the energy resolution 
(modification of attachment and diffusion properties).

Results  on wire chambers indicate that 1% FWHM resolution could be reached up to 60 bar in 
Xenon. Conservatively operation at 40 bars is planed.


Argon (Xenon similar properties, i.e. inert gas, emitting scintillation light, close ionization 
threshold) is first used to validate mechanical design, recirculation and recuperation systems.

2% of  is added as quencher gas for the stability of operations. 


The best mixture for Xenon has yet to be determined empirically.

136Xe

[3]

CH4

Future improvements 

To avoid electric field  perturbations, CEA Saclay is working on a 
rod with degraded high voltage.

 

Upgrade the sensor to the ACHINOS  (multi-ball anode) 
would allow to reduce HV and perform coarse tracking.


The OWEN project study a low noise readout with onboard 
machine learning algorithm for DAQ improvements.


To recycle and store Xenon, a cryopumping system is under 
construction at CPPM.

[4]

Latest results 
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 vs  decays, the neutrino nature at stakes: is the neutrino it’s own antiparticle?ββ2ν ββ0ν

Dirac neutrino Majorana neutrino If  exists, it is highly suppressed, therefore an excellent 
energy resolution is critical to observe the signal peak

ββ0ν

Spherical gaseous TPC principles

R2D2 (Rare Decays with Radial Detector) is a R&D prototype  for a ton-scale 
experiment. The main goal is to validate the resolution requirements for the possible 
detection of the  process. It is based on Spherical Proportional Counter (SPC) 
design  (used for low mass DM searches in NEWS-G ).

[1]

ββ0ν
[2]

R2D2 conception
The first step of the R&D consists in adapting the SPC design to the  detection.ββ0ν
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OWEN preamplifier

The detector was operated with a mixture of Argon at 98% and 2% of CH4 at pressures from 200 mbar up to 1.1 bars. A 
  source (5.3 MeV) placed at the bottom of the sphere, was used to establish the detector features and its energy 

resolution.
210Po α

Detector stability 

Energy response to the calibration source is affected by temperature (pressure 
and on the electronics) and electronegative impurities (from degraded gas 
purity).


Control signal in input of electronics chain monitor impact of temperature 
variations and correcting it.


The corrected signal shows a gain loss of of about 0.05% per hour. This match 
the expectation from vacuum loss ( mbar/s), allowing offline 
correction.  detector is stable enough for data taking over several weeks.

2 × 10−6

⇒

Waveform analysis 

Signal shape could be affected by numerous parameters.

Pressure and electric field variations (drift properties, length 
of the  tracks, avalanche multiplication).


Direction of the  tracks (energy collected radially 
dependent to impurities, arrival time).


The radial distance of Bragg peak (most of the energy is 
deposit at the end of the track) affect the duration between 
the beginning of signal and it maximum.


The signal treatment allows to extract from the raw signal, a 
deconvoluted one. Variables classifying track length and 
direction can then be extracted


A dedicated full simulation  developed by the Birmingham 
group show an excellent agreement between data and 
Monte-Carlo.

α

α

[5]

Energy resolution 

Measures taken at 200 mbar with 720V and 1100 mbar with 2000V (maintain same gain).

Main difference: length of  particles (15cm at 200 mbar, 3 to 4cm at 1100mbar).


Cut on the signal width at half maximum clean the sample from tracks hitting the cathode (i.e. emitted at large angle).


Energy resolution is similar in both cases: 1.1% FWHM at 200 mbar and 1.2% FWHM at 1100 mbar, showing that long tracks do not 
affect the energy resolution.


0.97% is reached (close to the 1% at 2.458 MeV requirement) if we subtract quadratically the contribution due to the electronics and the 
source (i.e. 0.6% overall).
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