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0n2bis an inclusive test for the « creation of leptons»:
2n ­ 2p+ 2e- Ý LNV

0n2b

Standard mechanism: neutrino physics
0n2bis mediatedby
light massive Majorananeutrinos
(exactly those whichoscillate)

BSM non-standardmechanisms
Not necessarily neutrinophysics

This test is implemented in the nuclearmatter:
(A,Z) ­ (A,Z+2) +2e-

Very rare (> 1026 yr) - Energetically possible for 35 nuclei  
Experimentally relevant: 76Ge, 82Se, 100Mo, 130Te, 136Xe  
Enrichment is mandatory, with the exception of 130Te

Signal: a peak in the sum-energy spectrum of 2e- atQ2b
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(A,Z) ­ (A,Z+2) + 2e- + 2ne¡

2nDouble Beta Decay (2n2b) 
allowed by the Standard Model

already observed ςt~1019ς1024 y

(A,Z) ­ (A,Z+2) + 2e-¢

Neutrinoless 
Double Beta Decay (0n2b)
never observed t > 1026 y

Standard and new-physics channels:

Experimental signatures based on the 

Sum-energy spectrum of the two electrons

¡
¢

Signal

Qbb~2-3 MeV 
for the most promising candidates

Searching for 0n2b

Background

Background index b:
Counts

M ÖT ÖDE
[counts/(ƪŜ±ϊƪƎϊȅ)]

Energy resolution
FWHM
[keV]

FWHM
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35 candidates ­Only ~10 experimentally relevant « Importance of Qbb

Searching for 0n2b
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CUPIDõs history and origin

CUORICINO
[2003-2008]

CUORE-0
[2013-2015]

MiBETA
[1999-2002]

CUORE
[2017-2026]

ISOTTA 
[2012-2014]

LUMINEU
[2012-2017] CLYMENE 

[2016-2022]

CUPID-Mo
[2018-2021]

BINGO
[2020-2026]

CROSS 
[2018-2025]

CUPID-1 [2021-2026]
CryoLux[2025-2028]

TINY[2023-2028]

LNGS 
INFN-DOE

IJCLab/IN2P3 
CEA/IRFU 

LSM
LSC

130Te

100Mo

CUPID

TeO2

ZnMoO4

Li2MoO4

Establish 
Li2MoO4

technology

Best 100Mo
worldwide 

limit

Best 130Te
worldwide 

limit

Ton-scale 
bolometer 

array

May 2018
Li2MoO4

technology
selected June 2023

NTL
technology
selected

/¦tL5 ŘŜǘŜŎǘƻǊ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ŀ CǊŜƴŎƘ ƎǊƻǳǇǎΩ ŀŎƘƛŜǾŜƳŜƴǘ

Convergence of two research lines
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CUORE in a nutshell

CUORE is an array of TeO2 bolometers searching for 0n2bdecay  
of the isotope 130Te and taking data in LNGS (Italy) at ~12-15mK

One of the mostsensitive
0n2bexperiments of  

the currentgeneration

The largestbolometric
experimentever

Á 988 crystals 5x5x5 cm, closelypacked

arranged in 19 towers of 13 floorseach

Á 742 kg (206 kgof 130Te)

Á Start data taking: 2017

Stable data taking: from 2019

Á Background at Qbb(2527 keV)

1.42Ҏ10-2 counts/(ƪŜ±ϊƪƎϊȅ)

Á Energy resolution at Qbb
7.3 keVFHWM

Á Exposure for the current limit: 2039ƪƎϊȅ
(> 2.8 tonneϊȅcollected)

Á Current limit (130Te T1/2
0n2b) : > 3.5³1025 y

mbb< 70ς250meV

~

Á Continue data taking until final goal: 
3 tonneϊyr TeO2 exposure
­mid 2026 A. Campani, TAUP 2025

Nature 604 (2022)53-58

CUORE is not backgroundfree
­~70 counts/y in a ROI size FWHM energy resolution, dominated by surface abackground

3 people in 
CUPID-France 

are members of 
CUORE
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Three importantmessagesfrom CUORE

1. A tonne-scale bolometric detector is  
technicallyfeasable

2. Analysis of ~1000 individualbolometers

ishandable

3. An infrastructure to host a bolometric next-
generation0n2bexperimentexists  and will be 
available at the end of the
CUORE physics program(30/6/2026)

CUORE ­ CUPID

CUPID(CUOREUpgrade with Particle ID) is a
future 0n2bbolometric experimentexploiting the
CUOREinfrastructure and with a background100
times lower at the ROI

b
CUORE backgroundmodel

Å Reject abackground with scintillatingbolometers
Å Mitigate gbackground by moving to 100Mo

Qbb: 2527 keV (130Te) ­ 3034 keV(100Mo)

Å Increase isotope mass byenrichment
(natural isotopic abundance: 9.7%)

[counts/ (keVÖkgÖy)]

10-2

10-3

10-4

Qbb: 2527 keV 
(130Te)

Qbb: 3034 keV 
(100Mo)

CUPID background goal:

b ~1Ҏ10-4 counts/(ƪŜ±ϊƪƎϊȅ)
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CUORE130Te
pure thermaldetector

(bolometer)

NoPID
Q2b= 2527 keV < 2615keV

CUPID rationale
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CUORE130Te
pure thermaldetector

(bolometer)

CUPID100Mo
heat + light

(scintillatingbolometer)

NoPID abackground PID

gbackgroundQ2b= 2527 keV < 2615keV Q2b= 3034 keV > 2615keV

CUPID rationale
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Essential CUPIDrequirementsmet

Choice of the isotope and compound

Conceived and built at IJCLab (CSNSM) / IRFU
20 crystals (enriched in 100Mo) ς2.34 kg 100Mo  
Energy resolution: ~5-7 keVFWHM
Installed in the EDELWEISS cryostat in LSM
Physics data taking: April 2019 ςJune2020

Best limit on 100Mo at the time
T0n1/2 > 1.8Ҏ1024 y
b = 2.7 Ҏ10-3 counts/(ƪŜ±ϊƪƎϊȅǊ) 
No counts in ROI with 1.47 ƪƎϊȅǊexposure

Full arejection
Radiopure crystals: U/Th ¢0.5mBq/kg

Phys.Rev.Lett. 126(2021)181802 - Eur.Phys.J. C 82,1033(2022)

Á Successful R&D in France on Li2MoO4 scintillating bolometers (LUMINEU, ISOTTA projects)

Á Culmination in the CUPID-Mo experiment
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CUPID structure
Á CUPIDpre-CDR

Á Upgraded structure

Á TDR under finalization

arXiv:1907.09376

Á Crystal: Li2100MoO4 45Ҏ45x45 mm ς~280gςenrichment ²95%
Á Thermal sensor: neutron transmutation doped (NTD) Ge thermistor

Á Si heaterto stabilize the detector response
Á 57 towers of 14 floors with 2 crystals each - 1596crystals
Á~240 kg of 100Mo
Á~1.6Ҏ1027 100Mo atoms

Baselinedesign  
Gravity stacked  

structure

CUORE
cryostat

Light detectors  
Á Ge wafers with NTD sensor and SiO antireflective coating 
Á Each crystal has top and bottom LD
Á No reflective foil

Muon veto for muon induced background suppression

Eur. Phys. J. C 82, 810 (2022), Eur. Phys. J. C85, 737 (2025)

TeO2Li2MoO4
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Test of prototype towers at LNGS

Current test: VSTT (Vertical Slice Test Tower)
Á Under operation in LNGS now
²ƘŀǘΩǎ ƴŜǿΚ
Á Enhanced light detectors (NTL amplification) 
Á Changes to the LD holding system to mitigate the noise
Á Full test of the assembly line

GDPT 
(Gravity Detector Prototype Tower) 
Á 28 Li2MoO4 crystals 

Á 30 Ge light detectors

Á Tested at LNGS, Italy

Á French contributions: gluing at IJCLab, 
participation in on site assembly

Results:

Á Detectors successfully reached baseline 
temperature ~15 mK 

Á Baseline stable over the time 

Á LMO performance: median FWHM2615 keV= 6.2 keV

Á Median light yield: 0.36 keV/MeV

Á Some excess noise on the LD -> changes to the LD 
assembly structure for the next test 

Exampleof a/bseparationin a 
low noise channel

Eur. Phys. J. C85, 935 (2025)

GDPT 

GDPT 
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GDPT assembly
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Enriched crystal production

Á Outstanding performanceand radiopurity obtained with Russian crystals: 
Enrichment(Rosatom) + Crystallization(NIIC, Novosibirsk) ­CUPID-Mo, CROSS

Á Because of the invasion of Ukraine the procurement of enriched crystals from Russia is now impossible

FWHM ~5-7 keV - LY ~0.3 keV/MeV - internal radioactivity (U, Th) ¢0.5 mBq/kg 

Chinese baseline:IPCE(subsidiary of CNNC) for enrichment+ SICCAS(Shanghai) for crystals

IPCE: it has already produced several kg 
of 100Mo in 2024 for CUPID/CROSS
Active in medical production

SICCAS: extremely reliable company 
with excellent tracking record in large 
scale experiments:
Á~1000 TeO2 crystals in CUORE
Á~4000 PbWO4 crystals for CMS, 

JlabHybrid EmCal, PANDA EMCal, 
NPS project

Á Crystallization technique from ANR CLYMENE at SIMaP/INP  Grenoble
Á Companies LUXIUM (Gières, Grenoble) for crystals and ORANO  (Tricastin) for 100Mo enrichment

French alternative:
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Á Sevenenriched crystals producedso far (Bridgman method)

Nominal CUPID size

Á Threeadditional CUPID-size 
crystals will be tested at LNGS 
soon

IPCE + SICCAS: production and experimental tests
CUPID-size enriched crystal
Á LNGS
Á Th calibration

FWHM = 6.6°1.5 keV 
at 2615 keV

Limited by parasitic 
electronic noise

Á Results obtained with the tested crystals show that:
ÅSensitivity complies with CUPID goal energy resolution
ÅLY is similar or even higher than for Russian crystals (0.24 ς0.45 

keV/MeV depending on geometrical configuration)
Åa/bdiscrimination power is well within CUPID goals
ÅPulse shape is compatible with that obtained with Russian crystals

a

b

Á Fourcrystals have been tested in IJCLab, LNGS and CEA/IRFU

Enriched crystal production

Á Pre-production ςFrench + Italian contracts
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Á Radiopurity was not a priority so far ­Optimization of crystallization process and test of bolometric performance

Now the radiopurity phase has started
Á IPCE and SICCAS are working together to produce ultra-pure Li2MoO4 powder ready to be placed in crucible
Á Big furnaces for mass production will be fabricated with low radioactivity materials
Á Reduction of dust in the furnace area
Á Develop a dedicated clean room for crystal processing (cutting, grinding, polishing and packaging)
Á Selection of grinding and polishing material

Clean room for processing

Objective

Purchase contract 
in mid 2026

for CUPID-Stage-I

Enriched crystal production
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Random coincidences of 2n2bevents

Á Fast 2n2btransition in 100Mo: ╣Ⱦ
ⱨ 7³1018 y  ­2n2bactivity in a CUPID crystal:  ~2.6 mBq

Á Significant pile-up probability due to a random coincidence of 2n2bevents ­ background in the region of interest

Á b2n2b= (dT/  1 ms) Ö3.3 x 10-4 counts/(ƪŜ±ϊƪƎϊȅ)­dT~0.17 msis required to meet the CUPID 2n2bbackground goal 

pulse pair resolving time 0.5 x 10-4 counts/(ƪŜ±ϊƪƎϊȅ)

Heat

Light

Rise-time ~15 ms

Rise-time ~ 1 ms

Heat-light coincidence

Use light detector 
for pile-up 

discrimination

But SNR ~10 only
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Light detectors and NTL effect

Light detectors are essential to reject surface abackground ­ rejection at 99.9% with ordinary light detectors

NTL effect applied to light detectors
Á Electric field in the light detector wafer via a set of Al electrodes
Á Electron-hole pairs created by scintillation light absorption drift 

in the field and produce additional heat
Á An amplification of the thermal signal by a factor 10-20 is 

technically possible
Á SNR is increased by a factor ~10

Scintillation light

phonons

Ge wafer

NTD Ge thermistor

Scintillation light

phonons
e- h+

Ge wafer

NTD Ge thermistor

Á Improve pile-up rejection thanks to increase of SNR:    ~10 ­~100
Á Mitigation of background induced by random coincidences of ordinary 2n2bevents

Ordinary light detector

NTL light detector

Vel

NIMA 940, 320 (2019)

Initial heatAmplified heat Voltage at the 
electrodes

In June 2023, the collaboration decided to enhance light detector performance exploiting the Neganov-Trofimov-Luke 
effect (NTL)according to a technology fully conceived and developed in France 

Limitation: leakage currents at Vel~100 V

SiO coating

SiO coating
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CUPID maturity

CUPID is a mature experiment, ready for construction

Á High energy resolution (5-7 keV FWHM)
Á Excellent a/bseparation (> 99.9% arejection)
Á High radiopurity achievable (¢0.5 mBq/kg in U/Th)

demonstrated in tens of large mass scintillating 
bolometers based on enriched Li2MoO4 crystals

CUPID-Mo, GDPT, CUPID and CROSS prototypes

Á Enhanced-sensitivity light detectors bring the 
2n2b-induced background down to the desired level

Á An enrichment-purification-crystallizationline is 
under advanced development in China, replacing 
the original Russian option

Eur. Phys. J. C82, 810 (2022)

From sum energy spectrum of 8 modules
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CUPID timeline

The collaboration decidedto move to a stageddeploymentfor CUPID implementation

Three key advantages
1. Data taking starting in 2030 while the remaining crystals are still being produced ­ early leading role in  0n2bsearch
2. Preservation of critical expertise in running detectors and cryogenics during the CUORE-to-CUPID transition
3. Room for optimization, improvement, and risk mitigation.

No more CUORE ςonly CUPID collaboration 
Running costs and shifts
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Part II - Background and Sensitivity of CUPID
Benjamin Schmidt - Senior physics board coordinator

CUPID Physics Board - 2025

Senior Coordinator - Ben Schmidt 

Analysis Coordinator - Alberto Ressa

Science Coordinator - Pranava Teja Surukuchi

Software Coordinator - Brad Welliver

Simulations Coordinator - Mattia Beretta

Background Model Coordinator - Pia Loaiza

Detector Performance Coordinator - Irene Nutini

Public Data Coordinator - Penny Slocum

Publication Coordinator - Denys Poda

Outreach Board - Dounia Helis

Leading contributions from IJCLab and CEA/IRFU members
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CUPID BG projection

Cryostat and Background model

Phys. Rev. Lett. 126, 171801 (2021)

Phys. Rev. D 110, 052003 (2024)

arXiv:2509.05528

Li2MoO4 crystals & ‌rejection,

pile-up

Eur. Phys. J. C 82, 1033 (2022)

Eur. Phys. J. C  83, 675 (2023)

Phys. Rev. Lett. 131, 16250 (2023)

arXiv:2507.15732v1 (2025)

Scintillating bolometer  & ‌rejection

Tower design, ‘and n shields

Eur. Phys. J. C 85, 737 (2025)

Eur. Phys. J. C 85, 935 (2025)

JINST 20 P08020 (2025)

CUPID BG simulation

https://doi.org/10.1103/PhysRevD.110.052003
https://doi.org/10.48550/arXiv.2509.05528
https://doi.org/10.1140/epjc/s10052-022-10942-5
https://doi.org/10.1140/epjc/s10052-023-11830-2
https://doi.org/10.1103/PhysRevLett.131.162501
https://arxiv.org/abs/2507.15732v1
https://doi.org/10.1140/epjc/s10052-025-14352-1
https://doi.org/10.1140/epjc/s10052-025-14613-z
https://doi.org/10.1088/1748-0221/20/08/P08020


Disposition : Titre et contenu

CS Scientific, 6 Oct 2025 CUPID, Part II Sensitivity & Background, Benjamin Schmidt 29

CUORE BG model - input for CUPID

CUORE Background model

ƴ In-situ background assessment of the infrastructure for 

CUPID!

ƴ 7 source locations, 

46 bulk sources (partial decay chains, location)

47 surface sources (partial decay chains, depth, location)

ƴ Uses pre-screening geometric information, time information, 

event topology (M1, M2, priors where reliably available)

ƴ Overall very good agreement with data

Surface ‌contaminations dominant!

Phys. Rev. D 110, 052003 (2024)

https://doi.org/10.1103/PhysRevD.110.052003
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From CUORE to the CUPID Bg model

CUPID Background model

ƴ CUORE infrastructure

ƴ + New detector array:

Scintillating detectors

Full detector response model

ƴ Muon veto system

ƴ Extra neutron shielding

Geant 4 for radiogenic and muons

MCNP for neutrons (n,‎)

+Prompt gammas in Geant 4

with full custom detector response

Robust data-driven background predictions

Software/Techniques validated in situ on CUORE data

arXiv:2509.05528

JINST 20 P08020 (2025)Eur. Phys. J. C 85, 737 (2025)

Eur. Phys. J. C 85, 935 (2025)

https://doi.org/10.48550/arXiv.2509.05528
https://doi.org/10.1088/1748-0221/20/08/P08020
https://doi.org/10.1140/epjc/s10052-025-14352-1
https://doi.org/10.1140/epjc/s10052-025-14613-z
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CUPID BG projection - Radiogenics

Cosmogenic activation

ƴ 3 month at sea level, 1 yr underground before data 

taking

ƴ No transport by airplane

ƴ Crystals will be delivered in batches and stored 

underground at LNGS significantly increasing the 

storage (ñcool downò) time for most crystals

ƴ Negligible Background from underground activation

For CUPID: After surface ‌removal:

Surface♫contaminations remain very important!
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CUPID BG projection - Design improvements

Improvements to be evaluated:

ƴ New simplified mechanical tower design: 

less machining & handling

ƴ Lamination + contact-less production 

with laser cutting

ƴ No shadowing during etching/cleaning

ƴ Improved radiopurity protocols during 

construction & storage

New screening campaigns to qualify surface 

backgrounds of machined pieces of 

CuPEN/PTFE/Copper ongoing

Target: 

1/2 contamination compared to CUORE
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CUPID: Pile -up background challenge

Simulations in addition to 

experimental testing:

Background prediction for pile-up

Randomly sample coincidences from 

the CUPID background model

Vary time separation

& add measured noise

Example: 80 V NTL 

Ὕϳ χȢρẗρπÙÒPhys. Rev. Lett. 131, 16250 (2023)

ɝὸ τππ‘Ó

https://doi.org/10.1103/PhysRevLett.131.162501
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NTL light detectors ->Pile-up can be reduced to less than 5 x 10-5 counts/keV/kg/yr

CUPID - Improvements: NTL light detectors

ÅOver 10 yrs of pile-up background 
characterisation and NTL detector development 
in France (Subset of publications on the left)

ÅTransfer of NTL technology to US for risk 
mitigation and production schedule

ÅRecent progress (2025)

ÅDetailed control and optimisation of ANPS 
is very important

ÅAnalysis techniques:

ÅGained 28% improvement on BI with 
respect to OF (16% with respect to 
arXiv:2507.15732)

ÅFull electrode coverage to improve gain by 
~25% in reach

ÅFull pre-testing to use higher NTL voltage

ÅNew results (CROSS & VSTT) imminent

EPJ-C 74,2913 (2014)

EPJ-C 77, 3 (2017)

NIM A 940, 320 (2019)

EPJC 83, 373 (2023)

https://arxiv.org/abs/2507.15732v1 (2025)

80 V

https://doi.org/10.1140/epjc/s10052-014-2913-4
https://doi.org/10.1140/epjc/s10052-016-4565-z
https://doi.org/10.1016/j.nima.2019.06.044
https://doi.org/10.1140/epjc/s10052-023-11519-6
https://arxiv.org/abs/2507.15732v1
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CUPID BG projection - Summary

Conservative prediction

1 „range: [0.86, 1.44] 10-4 counts/keV/kg/yr

Improvements expected by experiment 

construction

ÅPile-up (Analysis ML / LD design)

ÅSurface contamination levels for close 

components

ÅDelayed coincidence tags - Extension to NR 

tagging

CUPIDôs background projections are robust using in-situ characterisation and conservative assumptions

10-4 counts/keV/kg/yr as project target or better are in reach



Disposition : Titre et contenu

CS Scientific, 6 Oct 2025 CUPID, Part II Sensitivity & Background, Benjamin Schmidt 36

CUPID ROI - Background shape

30 keV

Analysis

ƴ 100Mo: ὗ σπστËÅ6

ƴ Excellent energy resolution

ƴ Target: 5 keV FWHM

ƴ We expect no influence from the 

ς’‍‍endpoint

ƴ Both ς’‍‍pile-up and radiogenic 
contributions show a flat spectrum in 
the ROI

ƴ Expect a very clean analysis!
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CUPID ROI - Background and Signal after 10 yr

CUPID is a discovery experiment with a clear peak signature over a flat background

Median 3 „discovery sensitivity of 1027yr

Bonus: ς’‍‍dataset with O(1010) events: Excellent potential for nuclear physics and precision studies
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CUPID Timeline

~1/3 of crystals (150 kg of Li2MoO4)

~450 kg of Li2MoO4
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CUPID ROI - Stage I after 3 yr

CUPID Phase-I is quasi background free BI = ~1.5 x 10-4 counts/keV/kg/yr:

ÅWith 5 keV FWHM expect less than 1 background event in σ„range around ὗ

ÅMedian 3 „discovery sensitivity (3 yr) of 2 x 1026 yr
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From half -life to effective Majorana mass
(Light Majorana neutrino exchange)

La Rivista del Nuovo Cimento (2023) 46:619ï692

Rev. Mod. Phys. 95, 025002

100Mo is very advantageous thanks to its 

combination of NME and phase space factor 

Effective Majorana mass:

https://doi.org/10.1007/s40766-023-00049-2
https://doi.org/10.1103/RevModPhys.95.025002
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CUPID and current exclusion results
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Exclusion sensitivity in the field

CUPID Stage I (3 yr) arXiv:2504.14369

Is on a similar sensitivity/timeline/trajectory as 
LEGEND-200 (5 yr), arxiv:2107.11462

KL2Z (10 yr), Rev. Mod. Phys., Vol. 95, No. 025002

NEXT-HD (10 yr), arxiv:2005.06467

AMoRE-II (5.2 yrs) 2nd phase, EPJC 85,9

CUPIDôs and CUPID ñFranceò strength

ÅCost-effective

ÅMore sensitive than LEGEND-200 (5 yr)

ÅMore advanced/mature compared to AMoRE -
Existing infrastructure, background model, 
operational & analysis experience

ÅA discovery type experiment with a clear peak 
signature 

ÅFrench leadership in the technology 
development for CUPID and crucial role in 
simulation and sensitivity estimates

https://arxiv.org/abs/2504.14369
https://arxiv.org/pdf/2107.11462
https://doi.org/10.1103/RevModPhys.95.025002
https://doi.org/10.48550/arXiv.2005.06467
https://doi.org/10.1140/epjc/s10052-024-13516-9
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Discovery sensitivity  - Stage II

CUPID Stage II (10 yr) Eur. Phys. J. C 85, 737 (2025)

Is on a similar sensitivity/timeline as 
LEGEND-1000 (10 yr), arxiv:2107.11462

nEXO (10 yr), J. Phys. G: Nucl. Part. Phys. 49 015104

CUPIDôs and CUPID ñFranceò strength

ÅCost-effective

ÅMature: Existing infrastructure & experience, 
Robust predictions for background improvements 
of x 30 compared to CUPID-Mo

ÅSignificant remaining potential for technological 
improvement

ÅDiscovery type experiment based on technology 
developed in France 

https://doi.org/10.1140/epjc/s10052-025-14352-1
https://arxiv.org/pdf/2107.11462
https://doi.org/10.1088/1361-6471/ac3631

