
The CUPID 0 Experiment

Double-beta decay Neutrinoless double-beta decay

Its observation will:

• Establish that neutrinos have a Majorana mass component 𝜈 = ഥ𝜈

• Confirm lepton number violation

• Energetically possible for 35 nuclei (76Ge, 100Mo, 130Te, 136Xe, etc.)

Need to find single events in a ton of 
isotope × year(s) of exposure!
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Features
• High energy resolution 
• Particle identification capability
• Very low radioactive contamination
• Wide choice of absorber materials (Li2MoO4 embedding 100Mo, Qββ = 3034 keV)

CUPID (CUORE Upgrade with particle IDentification), the next generation bolometric experiment, aims
at increasing the sensitivity of bolometric experiment to fully explore the inverted hierarchy region.

CUPID will build on the experience of CUORE, utilizing its existing cryogenic infrastructure that will 
host (2):

• 1596 Li2
100MoO4 coupled to Ge wafer light detectors (1710)

• 240 kg of 100Mo (> 95% enrichment)

• Total mass: 450 kg

• Arranged in 57 towers of 14 floors

• The experiment will be divided into 2 stages:
• Smooth CUORE → CUPID transition 
• Room for optimization/improvement 
• Early science with competitive sensitivity 

/ and α contamination:
• Shielding, ultra-clean component selection, and strict handling
• Delayed coincidence cuts to reject U/Th chains bkg
• > 99.9% of α background rejected by PID (validated with

CUPID-Mo (3))

• Shields 
• Muon veto system with 99% geometric efficiency

Relatively fast decay rate of 100Mo 
(𝑇1/2

2 = 7.07 × 1018 𝑦𝑟) (4)

+
slow pulses in heat channel 

(~30 ms rise-time)

0νββ 3σ discovery sensitivity goal: 
• T1/2 = 1027 yr 
• mββ = 12 - 21 meV (depending on the adopted 

NME model)
90% C.L. half-life exclusion sensitivity: 1.8 · 1027 yr 

References Acknowledgements:

The CUPID Collaboration thanks the directors and staff of the Laboratori Nazionali del Gran Sasso and the technical staff of our laboratories. This work was supported by the Istituto Nazionale di Fisica Nucleare (INFN); by the European Research Council (ERC) under the European Union Horizon 2020 program (H2020/2014-2020) with the ERC Advanced Grant
no. 742345 (ERC-2016-ADG, 22 project CROSS) and the Marie Sklodowska-Curie Grant Agreement No. 754496; by the Italian Ministry of University and Research (MIUR) through the grant Progetti di ricerca di Rilevante Interesse Nazionale (PRIN) grant no. 2017FJZMCJ and grant no. 2020H5L338; by the US National Science Foundation under Grant Nos. NSF-
PHY-1401832, NSF-PHY-1614611, NSF-PHY-2412377 and NSF-PHY1913374; by the French Agence Nationale de la Recherche (ANR) through the ANR-21-CE31-0014- CUPID-1; by the National Research Foundation of Ukraine (Grant No. 2023.03/0213). This material is also based upon work supported by the US Department of Energy (DOE) Office of Science
under Contract Nos. DE-AC02- 05CH11231 and DE-AC02-06CH11357; and by the DOE Office of Science, Office of Nuclear Physics under Contract Nos. DE-FG02-08ER41551, DE-SC0011091, DESC0012654, DE-SC0019316, DE-SC0019368, and DE-SC0020423. This work was also supported by the Russian Science Foundation under grant No. 18-12-00003. This
research used resources of the National Energy Research Scientific Computing Center (NERSC). This work makes use of both the DIANA data analysis and APOLLO data acquisition software packages, which were developed by the CUORICINO, CUORE, LUCIFER and CUPID-0 Collaborations.

High sensitivity experiment requires:
• Low background in ROI
• Good energy resolution 
• High detection efficiency 
• Large mass ○ Long data taking

10 mK

Gravity Design Prototype Tower (6):
• Tested in July-October 2022 at LNGS
• 28 LMO crystals
• 30 Ge LD (no NTL effect)

Main results
• Validation of the assembly procedure

• Copper/LMO ratio < 20%

• Good temperature stability (±0.5 mK at 10 mK)

• (6.6 ± 2.2) keV median FWHM @2615 keV (close 
to CUPID goal)

• 0.36 keV/MeV light yield (LY)  (fulfills CUPID goal)

• Some excess noise on the LD -> issue solved with 
the new mechanical assembly in VSTT

In operation test: VSTT (Vertical Slice Test Tower)
• NTL LDs for pileup rejection
• Changes the LD holding system to mitigate the noise
• Optical fibers along the tower
• New electronics and DAQ 

Goals: 
• BI = 10-4 cts/keV/kg/yr 
• Energy resolution = 5 keV FWHM @ 3034 keV 
• Live-time: 10 yr

Construction 
stage I

Data taking stage I
(~80 kg 100Mo)

Construction stage II Full data taking 
(~240 kg 100Mo)

2026 2027 2028 2029 2030 2031 2032 2033 2034

Cryostat Upgrade

2035

Li₂MoO₄ Production  
stage I Li₂MoO₄ Production stage II

• CUPID will be built on the expertise and infrastructure of CUORE
• Risk mitigations
• Robust background estimations

• Data taking of CUPID Stage I expected to start by 2030
• CUPID will be one of the leading experiment covering the inverted hierarchy region of

the neutrino mass
• CUPID approach is scalable to normal hierarchy region

Rely on Neganov-Trofimov-Luke  
light channel (which is faster) to 

reject pileups through PSD

Li2
100MoO4 crystals

• Pre-production (in China at “SICCAS”) the cryogenic testing of the crystals are ongoing in 
terms of:

• Detector performance, optical properties (light yield), and radiopurity

Light detectors

• Ge substrate equipped with electrodes for an enhanced thermal signal using Neganov-
Trofimov-Luke effect (NTL) [Poster #312 ]

• SiO antireflective coating for an enhanced light collection 

• The technology concept is validated in CROSS experiment (5)

• Further optimization is needed to increase production success rate and improve electrodes 
geometry to increase gain
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