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Introduction: physics case
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± The observation of neutrinoless double beta decay (bb0n) is fundamental to determine the

nature of neutrino.

± The observation of bb0ndecay would have implications in particle physics (generation of

neutrino masses)and cosmology (leptogenesismodel).
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Experimental observables
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± The signature of the decay is given by the

detection fo the 2 emitted electrons and sum

of the kinetic energy of the two emitted

electrons .

± The measurement of other kinematical variables

could cast light on the driving mechanism.

(A,Z)Ÿ(A,Z+2) + 2 e- + gôs

1 or 2 additional g-rays

± Furthermore the identification of excited states

and daugther nucleus could forster the detection.
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Isotopes
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± The isotopes concerned by bbdecay must have a

single bdecay forbidden (by energy conservation)

or strongly suppressed (due to large angular

momentumchange).

Phase space factor Nuclear matrix element

Effective Majorana mass
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Background
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± The main source of background is natural

radioactivity .

± Other background sources are:

- Muons (dependingof underground laboratory).

- gfrom (n,g) reactions ormbremstrahlung.

- Muon spallationproducts.

- afrom materials bulk or surface contaminations
for calorimeters.

- bb2n(if modest energy resolution).
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Experiment sensitivity
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± The experimentalsensitivitycan be computed in terms of a limit of the half life.

Signal efficiency

Isotope molar mass

Isotope active mass

Exposure in years

Signal upper limit

± The signal upper limit depends on the chosen confidence level and on the experimental

background :
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Status of the art
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200 kgï1000 kg of 76Ge diodes

ȹE/E = 0.1 % (FWHM) at Qɓɓ

4 kg ï1000 kg of 100Mo 

bolometers diodes

ȹE/E = 0.2 % (FWHM) at Qɓɓ

800 kg of 136Xe dissolved

in liquid scintillator

ȹE/E = 10 % (FWHM) at Qɓɓ

200 kgïn tons of liquid xenon

ȹE/E = 3 % (FWHM) at Qɓɓ

TPC  5 kg ïntons 10 bars Xe TPC
ȹE/E = 1% (FWHM) at Qɓɓ

Tracko-calo 7 kgï100 kg 82Se foil

ȹE/E = 5% (FWHM) at Qɓɓ
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Birth of R2D2
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± The main requirements to search for 0nbbdecay are:

± R2D2 is an R&D program started in 2017

aiming at the development of a zero

background ton scale detector to search

for the neutrinolessdouble beta decay.

How?
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Two geometrical options
Å Two options were considered in the R&D: a spherical Xenon gas

TPC (STPC) as used today in the NEWS-G collaboration for the

search of dark matter by Giomataris et al., and a cylindrical TPC

(CTPC).

± The working principle is the same.

Central anode

Cathode

11
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Two geometrical options

Central anode

Cathode

- Excellent energy resolution (goal of

1% FWHMat 136Xe Qbb).

- Extremelylow background due to the

very low materialbudget.

- Scalabilityto large isotope masses.

- Simplicity of the detector readout

with only one readout channel.

Detector features

Å Two options were considered in the R&D: a spherical Xenon gas

TPC (STPC) as used today in the NEWS-G collaboration for the

search of dark matter by Giomataris et al., and a cylindrical TPC

(CTPC).

± The working principle is the same.
± Both geometrieshave in principle the needed detector features.

12
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Two geometrical options
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Field Uniformity
Issues around the

supporting rod
Homogeneous around the anodic 

wire

Field Strength

Xenon volume

Noise

Weak at cathode (1/R2) Stronger at cathode (1/R)

Optimal Volume/Surface Volume/Surface not maximised

HVdependent (positive HVon 
anode)

HVindependent (negative HVon cathode 
and grounded anodic wire)
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Two operation modes
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± The CTPCcan be operated in two modes: ionisation (i.e. no gain) or proportional (i.e. avalanche

near the anode with a resultinggain).

± To understand the two modes of operation and appreciate the different pro and cons it has to be

reminded that the signal observed is a current induced according to the Shockley -Ramo

theorem .

Induced current

Drift radial velocity

Weighted electric field

Electron charge

± The electric field in a CTPCcan be described as:

Electric field Weighted electric field

Potential difference between 
anode and cathode

Cathode and anode radii
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Two operation modes
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± The signal is due by the drift of the electrons wherease the signal due to ions is typically below

threshod due to the low mobility.

± The signalwith is directly related to the radial position of the energy deposit .

± The CTPCcan be operated in two modes: ionisation (i.e. no gain) or proportional (i.e. avalanche

near the anode with a resultinggain).

IONISATION

Anode

Signal duration 
related to 

initial position

ionisation



F. Piquemal

Two operation modes

16

± The signal is due by the drift of the ions produced in the avalanche.

± The signal with is only weakly related to the radial position of the energy deposit (through

the arrival time of the primaries i.e. through the risetime).

± The CTPCcan be operated in two modes: ionisation (i.e. no gain) or proportional (i.e. avalanche

near the anode with a resultinggain).

PROPORTIONAL

Anode

proportional
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Two operation modes
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History and milestones
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First STPC

(no high pressure)

JINST 16 (2021) 03, P03012

About 15-20 cm tracksAbout 3-4 cm tracks
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First STPC

(no high pressure)

JINST 16 (2021) 03, P03012

Same resolution for short 

and long tracks (Ar)

Second STPC 

(certified to 40 bar)

JINST 18(2023) 10, T10001
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First STPC

(no high pressure)

JINST 16 (2021) 03, P03012

Same resolution for short 

and long tracks (Ar)

Second STPC 

(certified to 40 bar)

JINST 18(2023) 10, T10001

Stable resolution 

up to 3 bar Ar 

(limited by HV)

First CTPC

(no high pressure)

Similar resolution 

in Ar and Xe

JINST 18(2023) 10, T10001

Second CTPC

(certified to 40 bar)

Eur.Phys.J.C 84 (2024) 5, 512


