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Double Beta Decay

A4,Z) > (A, Z+2)+2e +2v,
Standard Model process
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Possible for 35 nuclides
o Even-Even nucleus
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o Occurs when single beta is not energetically possible
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Observed for 9 isotopes —p
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From the Fermi theory of B-disintegration the probability of simultaneous emission of two
electrons (and two neutrinos) has been calculated. The result is that this process occurs suffi-
ciently rarely to allow a half-life of over 10" years for a nucleus, even if its isobar of atomic
number different by 2 were more stable by 20 times the electron mass.
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Neutrinoless Double Beta Decay
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Hypothetical decay
(A,Z) > (A,Z+2)+2e~ 0v2B
Lepton number violation AL= 2
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°c Majorana neutrino v =v

Dirac mass
LOYYIL;Njp=Mgv;N;
Small Yukawa coupling :
my, [Agw <1071
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Majorana neutrinois needed
in leptogenesisto explainthe
matter/antimatterasymmetry

TEORIA SIMMETRICA DELL'ELETTRONE
E DEL POSITRONE

Nota di ETTORE MAJORANA

Nuovo Cimento 14(1937)171-184
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Sunto. - Si dimostre la possibilita di pervenire @ ung piens simmetrizza-
zione formale della teoria quantistica dell’elettrone e del positrome fa-
cendo uso di un nuovo processo di quantizzazione. Il sigmificato delle
equazions di DIRAC ne risulta alquanto modificato e non vi & pit luogo
a parlare di stati di energia negativa; mé a presumere per ogni altro
tipo di particelle, particolarmente neutre, Vesistenza di « antiparticelle »
corrispondents ai « vuoli» di energia negativa.

Majorana mass

LDOYYL;N;j¢+ M7N;N,
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Diagonalisation with M,, >> M,:
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jMYJEI‘ mainly active SU(2), doublet
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Lt Ok W Ms states with light masses
T - mainly sterile singlet states
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Light Majorana neutrino exchange e e
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Weak axial-vector coupling strenght :
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Effective Majorana mass:
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Best current limits :
GERDA on 7°Ge :

Where we are
KamLAND-Zen on 136Xe :
+ Ty >1.07x10%yr « Ty, >18%x10%yr
* mpp < 79 — 180 meV

arXiv:2009.06079

Neutrino oscillations
m Q
1 \ / arXiv:1605.02889
PRL 125, 252502 (2020)

PRL 117, 082503 (2016)
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Searching for 0v2[

2v2[ :
(A,2) > (A, Z+2) +2e” +2v,
Continuum

2vp33

The shape of the two-electron sum-energy
spectrum enables to distinguish between
the Ov (new physics) and the 2v decay

modes 0v2p :
B, (A,2) > (A, Z+2) +2e”
8 Peak enlarged only by the
o Requires . Ui detector energy resolution
° Low background in the ROI (around the Qzp) OV[3 [3
° Good energy resolution
-
Energy Qpp
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Experimental challenge
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° Qpp is a crucial factor — the higher » 48Cla Double beta delcay possible for 35 nuclei £dof
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Bolometric technique =

Source = Detector

o Crystals cool down to ~ 10-20 mK

°AT = E / C Scintillating Bolometer Particle Identification
° Detector = source Light Detector Thermal 1 0v2p
> High detection efficiency Sensor e
. B Light 2 | [2615 kev J} _ &
> Good energy resolution = = Bly (%) EVENTS
= Thermal D [EVENTS
g Sensor LE /
ﬁ —3
Energy
« . . Absorb
o Scintillating bolometers sorber Release HEAT SIGNAL

o Discriminations between B/y and a particles
o Heat and Light signals
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CUPID-Mo @Cusb

Iréne Joliot-Curie Teflon: weak thermal link

Laboratoire de Physique
des 2 Infinis

Demonstrator for the next generation ton scale experiment CUPID
Installed at Laboratoire Souterrain de Modane (LSM)

Installed in EDELWEISS cryostat

1Mo, Qg = 3034 keV

20 Li,1MoO, scintillating bolometers
* 0.2 kg Li,'®°Mo0Q, cylindrical crystals 31

Ge light detector

NTD-Ge
thermistor

\ /

Copper: Thermal Bath
Copper: Thermal Bath

x £ Data

* 100Mo enrichment ~ 97 % g — Blinded Region

* Ge wafers as Light Detectors © ---- Mean RO

* NTD Ge thermistors 10 CUPID-Mo

* Cu holders, PTFE supports, 2.71 kg x yr, Preliminary

reflecting foils

CUPID-Mo data taking (2019-2020) 1
New world best limit on 1Mo

* Ty/,>1.8 x 10 years
"New Results from the CUPID-Mo demonstrator 10545 00 5700 B0 BT BT T e WA

on the 100Mo Ovbb decay half-life", TAUP2021

Energy [keV]
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CROSS MJCLab §51.06 >

Iréne Joliot-Curie

Laboratoie dePhysique 108
Demonstrator for the next generation ton 1.02
scale experiment CUPID I

0.98
Installed at Laboratorio Subterraneo de Canfranc 0.96

surface B’s
{234mPa and 24Th
e bacl\glound

0395 06 0605
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0 500 1000 I500 2000 2500 JOOO 3300
Energy (keV)

Study of different configurations to compare light
collection and performances

R&D on metal-coated bolometers to identify near
surface a and B particle interactions

CROSS demonstrator with 32 cubic Li,®°MoO,
crystals

CROSS demonstrator data taking (2023-2028)
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CUPID %Cuw -

Iréne Joliot-Curie

2
=)

Laboratoire de Physique
des 2 Infinis

Next bolometric ton scale experiment for the
search of the neutrinoless double beta decay

3 o discovery sensitivity on m
3
N

To be installed at Laboratori Nazionali del Gran
Sasso (LNGS) in the CUORE cryostat

%Mo, Qg = 3034 keV

Li,1%°MoO, scintillating crystals
> Enrichment > 95 % 3 OvBB sensitivity goal
o Cubic crystals : 45x45x45 mm*® -> 0.28 k ~
>~ 1596 c»:‘ystals ~ 240 kg of 1°°Mo ; °Tyj, ™ 10% years
> AE FWHM ~ 5 keV @ Q-value 3034 keV °mMgg ~ 12 -20 meV
o o rejection using light signal
> Background Index goal : 104 counts/keV/kg/yr

CUPID data taking and physics results (2025-2035)
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Summary  %Cuu

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

lJClab is involved in 3 bolometric neutrinoless double beta decay projects :

CUPID-Mo CROSS CUPID

* End of data analysis * Ongoingtests and R&D @ IJIClaband <+ Developmentof alternative structure
* Simulation/ Background Model Canfranc * Light Detector / Detector structure
*  World best limit on T%,, of 1Mo

Detector construction design
 Data analysis/ Background Model * Background control
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Light Yield
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