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Introduction

Neutrino Nature and ββ Decay

2νββ

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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2νββ

๏ Since the confirmation of neutrinos oscillations, neutrino research has been one of 
the leading way in the exploration of physics beyond the Standard Model. The 
neutrinos nature, Dirac or Majorana, is driving global efforts and resources.

๏ The current most sensitive experimental proof of the Majorana nature of neutrinos is 
the observation of the 0νββ decay.

‣ 2νββ decay :  first direct observation in 1987.(A, Z) → (A, Z + 2) + 2e− + 2νe
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Introduction

Neutrino Nature and ββ Decay

0νββ

๏ Since the confirmation of neutrinos oscillations, neutrino research has been one of 
the leading way in the exploration of physics beyond the Standard Model. The 
neutrinos nature, Dirac or Majorana, is driving global efforts and resources.

๏ The current most sensitive experimental proof of the Majorana nature of neutrinos is 
the observation of the 0νββ decay.

‣ 2νββ decay :  first direct observation in 1987.(A, Z) → (A, Z + 2) + 2e− + 2νe

‣ 0νββ decay :  postulated in 1939.(A, Z) → (A, Z + 2) + 2e−

‣ Only possible if neutrino are Majorana particles

‣ Violation of total lepton number

‣ Total decay energy, Qββ, shared by the two electrons.
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๏Several isotopes are ββ emitter: 48Ca, 76Ge, 82Se, 96Zr, 100Mo, 116Cd, 128Te, 136Xe, 150Nd 


‣ .


๏This observation could consists in the measurement of a narrow peak at the end of 
the two electron energy distribution, i.e the Qββ of the ββ decay.

T2ν
1/2 ∼ 1018−21 years, T0ν

1/2 > 1021−26 years
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Introduction

Requirements
๏Excellent energy resolution

‣ Current factor of at least 103 years between 2νββ half-life 

and 0νββ half-life limits.

๏Low (zero) background.

‣ The region of interest is surrounded by natural radioactivity. 

Ex: 136Xe Qββ is 2.458 MeV and 208Tl gamma is at 2.615 
MeV or 3.27 MeV β from 214Bi.


๏Ton scale experiment.

‣ Ton scale experiment is required to fully cover the inverse 

mass hierarchy region.


‣ (T0ν
1/2)−1 = G0ν(Qββ, Z) M0ν

2

⟨
mββ

me ⟩
2

๏Excellent energy resolution.
‣ Current factor of at least 103 years between 2νββ half-life 
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R2D2 is an R&D that explores a single anode HP-TPC1 solution for 136Xe 0νββ search.

5

R2D2

General Goals

R2D2 Goals and features:

1 HP-TPC: High Pressure Time Projection Chamber

136Xe assets:


‣  
years.


‣  
years.


‣ One of the most abundant 
(8.86 %) and easiest to 
enrich.

T2ν
1/2 = 2.16 ± .02 ⋅ 1021

T0ν
1/2 > 2.30 ± .02 ⋅ 1026

Scalability

Energy resolution

Low 
Background

๏ Simple geometry.

๏ One readout 
channel.

๏ Low detection 
Threshold.

๏ Low material 
budget.

๏ 1% FWHM at 
136Xe Qββ of 
2.458 MeV.

>105 

years !
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R2D2

Detectors
The R&D is currently considering two detectors options:

๏Spherical Proportional Counter (SPC):

‣ A grounded spherical cathode with a positively bias central anode 
readout.

‣ Both signal and tension go through the anode.

‣ Electric Field: ∝
1
r2

SPC

Design based on dark matter experiment
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R2D2

Detectors
The R&D is currently considering two detectors options:

๏Spherical Proportional Counter (SPC):

‣ A grounded spherical cathode with a positively bias central anode 
readout.

‣ Both signal and tension go through the anode.

‣ Electric Field: ∝
1
r2

๏Cylindrical Proportional Counter (CPC):

‣ A grounded central anode readout and a negatively bias 
cylindrical cathode.

‣ Signal is read through the anode and discoupled from tension  
applied to the cathode.

‣ Electric Field: ∝
1
r

SPC

HV<0 applied

to the cathode

Grounded anode

CPC
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R2D2

Current R&D Experimentations
Current prototype goal: Achieve 1% FWHM energy resolution at 2.458 MeV, 136Xe Qββ.
‣ Radioactive sources: ⍺ from 210Po and 222Rn.

‣ Point-like events response: 210Po is fixed, and 222Rn is scattered over the cathode.

‣ Gas types: Argon and Xenon.


‣ Gas purity development. 

‣ Gas recirculation and recovery.

‣ Sensor characterisation and improvement.

‣ Exploring ionisation and proportional mode.

‣ Electronics and data acquisition.

‣ Signal processing development.

‣ …
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Experimental setup overview

Prototype Setup Evolution At LP2I Bordeaux

SPC-1 (2018)

40 cm ⌀


Up to 1 bar1

SPC-2 (2021)

40 cm ⌀


Up to 40 bar2

CPC-1 (2022)

1m x 37 cm ⌀

Up to 1 bar1

1 No Pressure certification

2 Pressure certified

CPC Made at 

CPC-2 (2023)

27cm x 20 cm ⌀


Up to 40 bar2
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Experimental setup overview

Prototype Setup Evolution At LP2I Bordeaux

SPC-1 (2018)

40 cm ⌀


Up to 1 bar1

SPC-2 (2021)

40 cm ⌀


Up to 40 bar2

CPC-1 (2022)

1m x 37 cm ⌀

Up to 1 bar1

1 No Pressure certification

2 Pressure certified

CPC Made at 

Curr
en

t S
tag

e !

CPC-2.5 (2023)

27cm x 20 cm ⌀


Up to 40 bar2
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Experimental setup overview

1st SPC Prototype 
๏ In 2018 the R2D2 was funded as R&D by the IN2P3: 1st SCP 

prototype was built.

๏A 20 cm radius sphere made of Aluminium (i.e. no low 
background but much cheaper) was built at LP2IB and a custom 
made low noise electronics (OWEN project) was developed.

๏The detector was commissioned and was operated with ArP2 at 
LP2IB at pressures up to 1.1 bar. First resolution and localisation 
in proportional mode results were published1.

1 JINST 16 (2021) 03, P03012 [arXiv:2007.02570]Ioannis Katsioulas | i.katsioulas@bham.ac.uk | TAUP 2021

Energy resolution measurements
The setup at Bordeaux

7

● ⌀40 cm SPC made of Al built in house
● Installation in low noise facility 

○ Controlled temperature environment.
○ Vibrational insulation  

● Custom made low-noise electronics (OWEN)
● The detector was filled with Ar:CH4 (98:2)
● Pressure up to 1.1 bar
● A Po214 source used to produce 5.3 MeV αs

 The HP-SPC 
Prototype 

The resistive Glass 
sensor used for the tests

JINST 13 (2018) 11, P11006
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Experimental setup overview

1st SPC Prototype 

Proportional mode

๏ In 2018 the R2D2 was funded as R&D by the IN2P3: 1st SCP 
prototype was built.

๏A 20 cm radius sphere made of Aluminium (i.e. no low 
background but much cheaper) was built at LP2IB and a custom 
made low noise electronics (OWEN project) was developed.

๏The detector was commissioned and was operated with ArP2 at 
LP2IB at pressures up to 1.1 bar. First resolution and localisation 
in proportional mode results were published1.

๏A detailed simulation has confirmed our detector understanding: 
the agreement between data and simulation is very good and 
the detector behaviour is well understood.

1 JINST 16 (2021) 03, P03012 [arXiv:2007.02570]
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Experimental setup overview

1st SPC Prototype 

A.Meregaglia

Results: resolution
• The resolution was computed at 200 mbar and 1.1 bar. 

• We obtained a similar resolution showing no impact due to the length of the tracks (from 3-4 
cm at 1.1 bar to 15-20 cm at 200 mbar). 

• We estimate to 0.6% the contribution of the source itself and of the electronics giving an 
intrinsic resolution due to the detector at 0.97%.

14

0

100

200

300

400

500

600

5.1 5.2 5.3 5.4 5.5 5.6 5.7
Reconstructed Equivalent Energy (MeV)

1.2% FWHM
resolution

(a)

0

200

400

600

800

1000

1200

5.1 5.2 5.3 5.4 5.5 5.6 5.7
Reconstructed Equivalent Energy (MeV)

1.1% FWHM
resolution

(b)

Figure 17. Integral of the 5.3 MeV ↵ signal at 1.1 bar and 2000 V (a) and at 200 mbar and 720 V (b).
The Gaussian fit in red shows an energy resolution of 1.2% FWHM and 1.1% FWHM respectively.

was tuned in order to have almost the same gain as in the run at 1.1 bar. The obtained
energy resolution is 1.1% FWHM, which is better than the resolution obtained at 1.1 bar,
demonstrating that the resolution is not degraded when tracks are long. Results for such a
run are shown in Fig. 17(b). The possible explanation for the improvement at low pressure is
that longer tracks are less affected by electric field distortions around the source support. In
additions such tracks reach regions closer to the central sensor and are therefore less affected
by electronegative impurities as detailed in Sec. 3.
If we subtract quadratically to the resolution the contribution due to the electronics and the
source (i.e. 0.6% overall) we obtain 0.97% which is not far from the ultimate detector require-
ment (i.e. 1% at 2.458 MeV). Further improvements will come from a more homogeneous and
spherical sensor and from a reduction of the baseline fluctuation affecting the signal integral.
Note that, for ArP2, the expected intrinsic energy resolution due to stochastic fluctuation of
the number of generated electrons-ion pairs is expected to be 0.24%.

The excellent energy resolution is an important milestone in the R2D2 project demon-
strating that the energy resolution of the spherical TPC detector is not affected by long tracks.
This is a crucial condition for the final goal of the project i.e. the search of the ��0⌫ process
where long electron tracks have to be measured.

6 Future improvements

The R&D roadmap foresees measurements at high pressure to see if and how the gain changes
since the proposed detector for ��0⌫ decay search is expected to be filled with xenon at 40 bar.
The actual prototype allowed for a first evaluation of the energy resolution at low pressure
with argon, however the device is not certified to be operated at high pressure. A sphere
certified to allow for measurements up to 40 bars is under conception.
Another important point to control and improve is the uniformity of the electric field. The
measurements presented in this paper are taken in the lower half of the sphere, where no
field distortions should be present other than the possible one due to the ↵ source support.
However, the presence of the rod holding the central sensor results into a deformation of

– 19 –

200 mbar - 720 V1.1 bar - 2000V

ArXiv:2007.02570

1.1 bar 2000 V 200 mbar 700 V

1.2% FWHM 
resolution

1.1% FWHM 
resolution

Proportional mode

๏ In 2018 the R2D2 was funded as R&D by the IN2P3: 1st SCP 
prototype was built.

๏A 20 cm radius sphere made of Aluminium (i.e. no low 
background but much cheaper) was built at LP2IB and a custom 
made low noise electronics (OWEN project) was developed.

๏The detector was commissioned and was operated with ArP2 at 
LP2IB at pressures up to 1.1 bar. First resolution and localisation 
in proportional mode results were published1.

๏A detailed simulation has confirmed our detector understanding: 
the agreement between data and simulation is very good and 
the detector behaviour is well understood.

๏The resolution was computed at 200 mbar and 1.1 bar in 
proportional mode: we obtained a similar resolution showing no 
impact due to the length of the tracks (from 3-4 cm at 1.1 bar to 
15-20 cm at 200 mbar).

1 JINST 16 (2021) 03, P03012 [arXiv:2007.02570]
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Experimental setup overview

2nd SPC Prototype 

๏ In 2021 the second SPC prototype, certified to be 
operated up to 40 bar, was built by an external 
company.


๏ In the meantime the xenon recirculation and 
recuperation system was finalized and commissioned. 


๏ In 2022 the detector was operated with ArP2 with 
pressures up to 3 bar. A set of measurement was 
carried out with a resolution below 1.4% up to 3 bar.

Proportional mode
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1st CPC Prototype 
Experimental setup overview

CPC

Volume: 188 l


Weight: 53.5 kg

SPC

Gas purification

and circulation system

Gas recovery system

May 2022, new CPC detector is installed.First 
validation in ArP2 showed a resolution comparable 
with SPC, 1.2% at 1 bar in proportional mode but at 
lower voltage.

๏ Inox Tube: 1m50 x 40cm ⌀. 

๏ Copper cathode: 1m x 35 cm ⌀.

๏ Tungsten anode: 50 µm ⌀.

๏ 210Po source.



๏Early 2023 the second prototype for CPC was 
conceived and built at              .


๏The CPC is designed to be operated inside the sphere 
(SPC 2nd prototype) in order to test the detector at 
high pressure.


๏First test in Ar showed a good behavior of the CPC up 
to 10 bars in ionisation mode. Tests in xenon were 
carried out up to 6 bars in ionisation mode as well.


๏The technical limits of the current purification (hot 
getter: 10 bar max) and recovery (gas recovery bottle) 
setup has been reached. 

9/06/2023 Pierre Charpentier

2nd CPC Prototype 
Experimental setup overview

12Journée R&T IN2P3

CPC 2.0 - Wire - 50μm∅

CPC 2.5 - Rod - 1.2mm∅



๏Early 2023 the second prototype for CPC was 
conceived and built at              .


๏The CPC is designed to be operated inside the sphere 
(SPC 2nd prototype) in order to test the detector at 
high pressure.


๏First test in Ar showed a good behavior of the CPC up 
to 10 bars in ionisation mode. Tests in xenon were 
carried out up to 6 bars in ionisation mode as well.


๏The technical limits of the current purification (hot 
getter: 10 bar max) and recovery (gas recovery bottle) 
setup has been reached. 

9/06/2023 Pierre Charpentier

2nd CPC Prototype 
Experimental setup overview

12Journée R&T IN2P3

214Po 7.7 MeV

(On the cathode)

218Po 6.0 MeV

(On the 

cathode)

218Po 6.0 MeV

(On the gas)

222Rn 5.5 
MeV


(On the 
gas)

210Po 5.3 MeV

(Source behind the 

cathode)
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Technical development

Electronics and DAQ
๏To achieve the energy resolution requirement, a 

dedicated low noise electronics chain is essential.


๏A low noise preamplifier was developed and a DAQ 
chain is under development (foreseen for end-2023) 
while we use in the meantime the CALI card developed 
for EDELWEISS and used today in NEWS-G.


๏This work is carried out in the framework of the OWEN 
project (IdEX Emergence Université Bordeaux) which 
includes a dedicated development of onboard 
technology for a fast data processing.


๏The use of a new specific and low noise FEE for resistive 
anode is in development. It will enables longitudinal 
localisation by reading both end of the anode.
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Gas Purity And Recirculation
Technical development

Garfield Simulation.

Cathode: 20 cm radius


Anode: 1 mm radius

Proportional mode

JINST 16 (2021) 03, P03012 [arXiv:2007.02570]

2000V ArP2: 1.1 bar

720V ArP2: 200 mbar

๏Purification:


• High purity is a strong requirement.


• Circulation inside getters.


๏Recirculation:


• Recirculation system.


• Controlled flow.


๏Recovery:


• Implementation of a cryopumping system.


• Pressure controlled valve.

๏Purification:

• High purity is a strong requirement.

• Circulation inside getters.
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Gas Purity And Recirculation
Technical development

Mott cold getter

Supelco cold getter

Flow meter

Recirculation pump 
chamber

Entegris hot getter

๏Purification:


• High purity is a strong requirement.


• Circulation inside getters.


๏Recirculation:


• Recirculation system.


• Controlled flow.


๏Recovery:


• Implementation of a cryopumping system.


• Pressure controlled valve.

๏Purification:

• High purity is a strong requirement.

• Circulation inside getters.
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Gas Purity And Recirculation
Technical development

Reciculation 

pump chamber

๏Purification:


• High purity is a strong requirement.


• Circulation inside getters.


๏Recirculation:


• Recirculation system.


• Controlled flow.


๏Recovery:


• Implementation of a cryopumping system.


• Pressure controlled valve.

๏Purification:

• High purity is a strong requirement.

• Circulation inside getters.

๏Recirculation:

• Recirculation system.

• Controlled flow.
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Gas Purity And Recirculation
Technical development

Recirculation on Recirculation on

Recirculation off ~1.5 % charge loss / h

๏Purification:


• High purity is a strong requirement.


• Circulation inside getters.


๏Recirculation:


• Recirculation system.


• Controlled flow.


๏Recovery:


• Implementation of a cryopumping system.


• Pressure controlled valve.

๏Purification:

• High purity is a strong requirement.

• Circulation inside getters.

๏Recirculation:

• Recirculation system.

• Controlled flow.
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Gas Purity And Recirculation
Technical development

Recuperation system

Pressure

controlled valve

Recuperation bottle

๏Purification:


• High purity is a strong requirement.


• Circulation inside getters.


๏Recirculation:


• Recirculation system.


• Controlled flow.


๏Recovery:


• Implementation of a cryopumping system.


• Pressure controlled valve.

๏Purification:

• High purity is a strong requirement.

• Circulation inside getters.

๏Recirculation:

• Recirculation system.

• Controlled flow.

๏Recovery:

• Implementation of a cryopumping system.

• Pressure controlled valve.
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Preliminary resolution Results
Results

Preliminary

Ionisation mode

Preliminary

Ionisation mode
๏Results in Ar and Xe are similar.


๏Current result are dominated by noise.


๏Resolution remain steady over 10 bar for Ar or 6 bar for Xe (technical limits).


๏Resolution remain steady for point-like event on fix (Po) or scatter (Rn) sources.

210Po 
210Po 
210Po 
210Po

222Rn 
222Rn 
222Rn 
222Rn
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Results

Ionisation & Proportional
๏The CPC allows exploration of the 

ionisation mode, which has several 
benefits. Among them:


‣ Ionisation require a lower high 
voltage.


‣ Lower high voltage produce 
fewer electronic noise.


‣ No avalanche fluctuations.


๏Such advantages are the reason for 
the use ionisation mode for futur 
detector.

Preliminary

…

HV require too high.
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Futur Development

Options For Constructing
๏Closed tank


‣ New option: Composite H2 tank.

๏Open tank


‣ Backup conventional option.

Plastic liner.
Smooth, inert, corrosion-resistant internal finish.

Precision-machined thread.
High-performance carbon-fiberoverwrap 
in epoxy resin matrix

Anode

๏ Solved issues:


‣ Anode.


‣ End-caps.

๏ Remaining uncertainties:


‣ Radioactive background.


‣ Cathode layer.

Independant CPC inserted in the tank, like 
PANDA-X III.
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Conclusion
๏The R2D2 R&D primary goal is considered reached.


๏Those efforts have led to the validation of the detector resolution stability from 200 

mbar up to 10 bar in Ar and up to 6 bar in Xe.


๏Several important results and developments where not or barely mention in this 

talk such as signal processing and event localisation.


๏Several new improvements are already in development. A dedicated low noise FEE 

and a new tank technology.

18
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The End
9/06/2023 

SPC

CPC

Journée R&T IN2P3
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Backups

Journée Atelier Détecteur Gazeux 9/06/2023 
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R2D2 collaboration

21

• A proto-collaboration has been formed (Czech colleagues from Prague joined R2D2 in April 
2023). 

• R2D2 is today approved as IN2P3 R&D to assess in particular the possibility to reach the desired 
energy resolution which is the major showstopper.
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A�������: The measurement of neutrino magnetic moment would be a clear signature of physics
beyond the standard model. The use of a spherical proportional counter detector filled with gas at 40
bar located near a nuclear reactor would be a simple way to perform such a measurement exploiting
the developments made on such a technology for the search of dark matter and neutrinoless double
beta decay. Different target can be used just replacing the gas: using xenon the current limit would
be improved by a factor of 7 in one year of data taking to the level of 4.3 ⇥ 10�12`⌫ whereas with
CF4 a limit of 6.5 ⇥ 10�12`⌫ can be achieved. In addition, if the recent results of Xenon-1T are
interpreted as due to a neutrino magnetic moment, the lower bound of the allowed region could be
measured yielding an observation at 17.5 f in xenon and and in 7.8 f CF4.

1Corresponding author.

R2D2 prototype

Sphere 
construction

LP2I

Electronics 
development

Sensor 
development

LP2I CEA CEA

Xenon 
system

CPPM

Signal 
treatment

SUBATECH
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Sensitivity studies
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• A full Monte Carlo simulation was developed to assess our capability to reject 
background and to evaluate the possible sensitivity on the searched signal. 

• We considered a geometry including active and passive veto and a small mass of 50 kg of 
xenon corresponding to the foreseen prototype.

Drawing not 
in scale

37 cm radius inner 
volume of Xe gas

0.5 cm thick Cu  structure

1.5 m thick liquid scintillator

2 cm thick Cu structure

20 cm thick Pb + 5 cm 
thick Cu shielding

Mass of 50 kg 
Radius of 37 cm 

Pressure of 40 bar

Xenon active volume

This choice, based on the results of a 
pressure and radius scan, is driven by 
the need of containing at least 80% of 

the ββ0ν electrons. 

Thickness of 1.5 m 
Assumed to be LAB

The thickness is chosen in order to  
have a background rate below 0.1 

events per year from the 208Tl 
contamination of the liquid scintillator 

vessel.

Liquid scintillator volume

20 cm Lead 
5 cm Copper

The choice was made to match the 
shielding used in measurements 

performed at LSM to have a reliable and 
less complicated MC.

Shielding volume

JINST 13 (2018) no.01, P01009
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Released results
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• We have published 4 papers and recently submitted a new one on the first results on xenon.

• We have presented the obtained results at various international conferences.

First sensitivity studies
First results in ArP2

Observation of scintillation light

Sensitivity to neutrino magnetic 
moment
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Technical developments
• High voltages at the level of more than 20 kV might be needed 

when working at 40 bars (a possible back up option is to work 
in ionisation mode). 

• At the moment we need however a feed through with several 
features: 

- Good for vacuum and high pressure 

- Good up to 10 kV (possibly more in the future) 

- Good for temperatures up to 100 degrees for detector 
heating. 

- Low noise 

• We tested several commercial options but each feed through 
has to be welded by a certified company and the behavior 
in terms of noise is not guarantee to be the same after and 
before. 

• Discussion ongoing with AXON company (already collaborating 
in JUNO) and prototype expected in 2023.

24

High Voltage

Leakage current

Not certified for HP

Not shielded 
(noise)

Note: This is an issue only for SPC
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OWEN

• Hardware developments: 
- Very low noise front end
- Optimized waveform digitization with High resolution (18 bits)
- Embedded processor in integrated shape @ 1Gb/s

25

Optimal Waveform recognition Electronic Node

• On-Line Embedded Artificial Intelligence: 
- Offline classification waveform (classic AI) to 

possibly reconstruct two-electrons track 
signature

- Research of a good neural network architecture  
to fulfill R2D2 needs

- Research of a process to integrate AI algorithm  
in embedded system

- Digital signal processing to tag events online 
(with embedded AI)

Full system expected to be ready for experiments in 2023
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Technical developments
• So far spherical TPC (NEWS-G or SEDINE detectors) used the waveform rise time to reconstruct 

the radial position of the deposited energy with a precision of the order of few cm. 

• Having an event trigger (T0) and knowing the drift velocity a sub-cm precision can be reached 
which is important for any fiducialization of the volume or to identify multiple energy depositions 
(electron/gamma rejection).

26

Light readout

• We run the detector in pure argon to observe the 
scintillation light and use it as trigger for the first time in a 
SPC detector. 

• We used a 6x6 mm2 SiPM from Hamamatsu with a 15% 
QE at 128 nm. 

• We observed two signals on the SiPM: a trigger given by 
the scintillation light (S1) and a second signal on time 
with the SPC signal due to the light emitted in the 
avalanche (S2). 

• The time between the S1 and S2 gives the electrons drift 
time and can be used to validate the Garfield++ 
simulation. An excellent agreement is found for alphas 
emitted at about 19 cm from the anode as expected.

Figure 2: SiPM setup.

disappeared when the SiPM was turned on. To overcome this issue a grid
with holes of 1 mm and a transparency of 65%, was located in front of the
SiPM acting as a Faraday’s cage. Dedicated tests showed that turning the
SiPM on and o↵ had no impact on the signal and on the energy resolution
proving the e�ciency of the grid in shielding the SiPM field.

A final issue to deal with is the SiPM noise. Since the PM is operated
at room temperature a self-trigger rate at the level of kHz is expected for
thresholds up to 4–5 photoelectrons depending on the SiPM, however this is
not an issue since we could rise the threshold to a level of about 10 photo-
electrons and still observe the ↵ scintillation light. The problem is related to
the electronic noise due to the cables connecting the SiPM to the PCB. An
Hamamatsu readout circuit (MPPC C12332-01) self-regulated with respect
to temperature variations is used but this components have to be outside the
detector in order to avoid any material outgassing compromising the gas pu-

4Figure 7: Raw waveforms of SiPM (blue) and anodie signal (orange) for one event taken
at 1.1 bar and 2200 V. The �t of about 300 µs is shown. For illustration purpose the
SiPM signal is multiplied by a factor of 5.
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Figure 8: Drift time obtained applying di↵erent HV on the central anode. The di↵erent
histograms are normalized to one for a direct comparison independently on the number of
triggered events of the run.
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Signal & Observables

Experimental signal
With Mini-CPC
Anode: D=1,2mm)
Gas: Xe, 3bar
HV: 3000V
FEE: Ortec 142PC
Mode: Ionization

S: Deconvolved signal - Sr : Reintegrated signal

PP 
regime

Wire 
regime

Dh

Qt

DtSignal simulation 



SPC simulation with 
track length of 2 cm - non-uniform ionization (clusters) 

- 10000 e‾ - ArP2 gas - prop. mode (G=8) 

l Ptmax, Pt are deduced from plot (Qt, Pt)

l RreconsQtPt = rmax * (Pt /  Ptmax)1/a    is then compared 
to the initial distance R set for the simulated event 
through residues analysis 

= R - RreconstQtPt

Radial localization

=> Second result of the simulation: A track localization can be obtained.

cm

R=

4
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SPC Sensor
Technical development

Achinos by

Ioannis Katsioulas | i.katsioulas@bham.ac.uk | TAUP 2021

Energy resolution measurements
The setup at Bordeaux

7

● ⌀40 cm SPC made of Al built in house
● Installation in low noise facility 

○ Controlled temperature environment.
○ Vibrational insulation  

● Custom made low-noise electronics (OWEN)
● The detector was filled with Ar:CH4 (98:2)
● Pressure up to 1.1 bar
● A Po214 source used to produce 5.3 MeV αs

 The HP-SPC 
Prototype 

The resistive Glass 
sensor used for the tests

JINST 13 (2018) 11, P11006

Metallic Anode

Insulated Wire

Glass Tube

Metallic Rod

⌀ 2 - 6 mm

2 - 6 mm

2 - 30 mm

J. Instrum. 13 (2018), (11):P11006 
[arXiv: 1809.03270]

๏The sensor is the key point of the SPC detector.


๏With the ongoing R&D we learned a lot from the 
detector functioning and we tested different option 
modifying the distance between the anode and the 
supporting rod.


๏The anode soldering to the wire is still a critical point 
since any imperfection results into a field distortion.


๏Multi channel sensor (Achinos) was also tested but 
channel equalisation is currently an issue for 
resolution.

https://arxiv.org/abs/1809.03270
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First Xenon Results

CPC Xenon: Cosmic Background

Muon signal

๏ Unlike our current SPC, the geometry and 
orientation of our CPC prototype makes it 
more sens ib le to cosmic muons 
background.


๏ The energy deposit of a muon in Xe at 1 
bar is significantly enough degrade the 
energy resolution of the ⍺ particles. 


๏ This explain the right hand tail of the CPC  
reconstructed integral distribution.


๏ Nevertheless the final experiment shall 
take place in underground facilities, 
avoiding such inconveniences.

๏ Unlike our current SPC, the geometry and 
orientation of our CPC prototype makes it 
more sens ib le to cosmic muons 
background.
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First Xenon Results

CPC Xenon: Cosmic Background

No cut

Gain = 14 

HV = 1200V 

resolution = 2.9%

๏ Unlike our current SPC, the geometry and 
orientation of our CPC prototype makes it 
more sens ib le to cosmic muons 
background.


๏ The energy deposit of a muon in Xe at 1 
bar is significantly enough degrade the 
energy resolution of the ⍺ particles. 


๏ This explain the right hand tail of the CPC  
reconstructed integral distribution.


๏ Nevertheless the final experiment shall 
take place in underground facilities, 
avoiding such inconveniences.

๏ Unlike our current SPC, the geometry and 
orientation of our CPC prototype makes it 
more sens ib le to cosmic muons 
background.


๏ The energy deposit of a muon in Xe at 1 
bar is significantly enough degrade the 
energy resolution of the ⍺ particles. 


๏ This explain the right hand tail of the CPC  
reconstructed integral distribution.


๏ Nevertheless the final experiment shall 
take place in underground facilities, 
avoiding such inconveniences.
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First Xenon Results

SPC Xenon: Main Difficulties
Switching from Ar to Xe implied a lot of challenges to overcome. Aside from the 
previously discussed technical consideration:

๏ Xe electrons drift time is one order of 
magnitude larger than Ar.


๏ Electronegative impurities become more 
critical. Purity is paramount.


๏ A stronger electric field is needed across the 
whole medium.


‣ Higher HV → higher noise.


‣ Larger anode → Ionisation mode only.

At 1 bar

Anode 6mm ⌀

At 1 bar Xenon

Anode 6mm ⌀
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Energy resolution measurements
The setup at Bordeaux

7

● ⌀40 cm SPC made of Al built in house
● Installation in low noise facility 

○ Controlled temperature environment.
○ Vibrational insulation  

● Custom made low-noise electronics (OWEN)
● The detector was filled with Ar:CH4 (98:2)
● Pressure up to 1.1 bar
● A Po214 source used to produce 5.3 MeV αs

 The HP-SPC 
Prototype 

The resistive Glass 
sensor used for the tests

JINST 13 (2018) 11, P11006

J. Instrum. 13 (2018), (11):P11006 
[arXiv: 1809.03270]

EJC 2023 - Lecture on Double beta decay- Anastasiia Zolotarova

https://arxiv.org/abs/1809.03270
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• Represent the distortion 
of the electronplane waves 
in the Coulomb field of 
the nucleus

• Can be calculated with 
high precision

Neutrinoless double beta decay rate

Phase space factor
(�1/2

0�2�)−1 = �(�, �)��
4 ��� 2 

���

��
 
2
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Nuclear matrix elements

• Represent nuclear structure 
of the initial and final nuclei

• To calculate it exactly we 
need the full wavefunction of 
the nucleus before and after 
the decay:

• Main source of unsertanties 
for 0n2b experiments 
sensitivity

gA is the coupling to 
the nucleon
hard to compute 
(lattice QCD) but can 
be measured in other 
decays: quenching is 
not defined well

Effective Majorana mass, 
the unknown

EJC 2023 - Lecture on Double beta decay- Anastasiia Zolotarova

(T0ν2β
1/2 )
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= G0ν(Qββ, Z) M0ν2β
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Enrichment capability
• Isotopic enrichmentby centrifugation - currently, the only viable 

large scale method
• Costs: 10-80 eur/g - big fraction of the total cost 

of the experiment
• Market of stable isotopes for medical applications
• Geopolitics impacts 

access to production:
Russian agression
in Ukraine impacts
some DBD experiments
directly

EJC 2023 - Lecture on Double beta decay- Anastasiia Zolotarova


