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A 0νββ Discovery Program

Matter creation (Lepton number is not conserved) 
The neutrino is its own anti-particle  (Majorana particle) 
Provide a mechanism for generating the predominance of matter to 
antimatter in the cosmos (the matter - antimatter asymmetry). 
Demonstrate a new means for the generation of mass

The observation of 0νββ would reveal the quantum nature of the 
neutrino and revise our understanding of physics

Requires a discovery program with high-resolution detectors 
and multiple isotopes. 
CUPID is critical to the discovery program at LNGS.
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A 0νββ Discovery Program at LNGS

CUPID is next step in a series of 
bolometric experiments at LNGS:
Cuoricino, CUORE, CUPID-0, CUPID

CUPID is critical to the discovery 
program at LNGS with high resolution 
detectors.

CUORE/CUPID LEGEND



LNGS Scientific Committee, October 2024Karsten Heeger, Yale 4

CUPID: CUORE Upgrade with Particle Identification

Detector  Array 
~240 kg of 100Mo with >95% enrichment 
~1.6.1027 100Mo atoms  
57 towers of 14 floors with 2 crystals each, 
1596 crystals

single tower

Opportunity for staged deployment

Single Detector  
Li2100MoO4, 45x45x45 mm, 280 g 
Ge light detector as in CUPID-Mo, 
CUPID-0

LMO

NTD

light 
detectors
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Qββ (100Mo) = 3034 keV, 
above γ background from natural 
radioactivity

Heat and light detection allows α 
rejection

CUPID: CUORE Upgrade with Particle Identification
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CUPID builds on existing cryogenic infrastructure 

Y-beam
Vibration isolation

Cryostat

H3BO3 panels
Lead

Polyethylene

Borated polyethylene

Main support plate

Concrete beams

Sand-filled columns

Concrete walls

Screw jacks

Movable platform

Seismic isolation

LNGS: Laboratori Nazionali del Gran Sasso
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CUORE Data Taking
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CUPID builds on experience from CUORE
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CUORE has been a great success
– One of the most sensitive operating 0𝜈𝛽𝛽 experiments 
– Technology demonstrator for CUPID at ton scale
– Validated CUPID background model: all components verified with data
– Train the next generation of scientists who will build CUPID

Collaborations envision “adiabatic” transitions from CUORE to CUPID
– Complete and analyze 3 ton-year 0𝜈𝛽𝛽 dataset
– Additional scientific opportunities will be open by cryogenic upgrades
– Retain expert knowledge in the collaboration
– Most importantly, additional data taking campaign with CUORE important for career 

development of our young scientific personnel

CUPID builds on experience from CUORE
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CUORE Cryostat Upgrade for CUPID

From CUORE to CUPID: 
•  detector mass is similar 

•  wiring changes from 2000 to 7000 wires, the heat load 
especially at 4.2 K is much higher 

•  light detectors more sensitive to vibrations 

Upgrade with a new system of pulse tubes and a better 
mechanical decoupling of pulse tubes from cryostat 

• 4 new PT425-RM by Cryomech, shipped to LNGS in July 2024 
• performance validation ongoing @LNGS (base T ~2 K demonstrated) 
• new thermalization system, tests on-going at LNGS 
• installation in CUORE cryostat planned for early 2026

Largest and most powerful dilution cryostat worldwide: 
base temperature 10 mK
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Isotope Production and Crystal 

 

Li2MoO4 crystals 
1596 crystals  
4.5x4.5x4.5 cm3 (tolerance ~ 200 µm, no bevel) 
240 g 100Mo in mass 
grown with Czochralski (seed) + Bridgman 
95% in 100Mo

 Li2MoO4 crystal producer: SICCAS (Shanghai, China) 
Pre-production contract for > 12 enriched crystals in 
progress. Optimize crystal production and material (isotope) 
recovery efficiency, technical specification are the same as 
for the full production 

SICCAS has demonstrated ability to produce high-quality 
crystals at adequate production rate and cost. Natural 
crystals produced by SICCAS, and already tested 

SICCAS is ready to commit to full production 

Delivered to Orsay at the end of July 2024: cryogenic 
measurement ongoing  

Light yield of SICCAS crystals consistent with expectations 

Energy resolution is also consistent but was affected by 
noise conditions in run
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Isotope Production and Crystal 

 China National Nuclear 
Corporation 

Enriched 100MoO3 from IPCE company (Tianjin, China) 
Converted an existing enrichment cascade into a 100Mo one. 
In 2023-2024 produced 4 kg of 100Mo (all the quantity needed 
for the pre-production) 

Space for building the 100Mo mass production enrichment 
cascade for CUPID available at the new IPCE plant 

Next: Demonstration of production with enriched 100Mo
Optimization of the production process (purity, polishing, recycling)

LMO Crystal Production 

Starting from Molybdenum Oxide (MoO3) powder, enriched in 100Mo, 
and Lithium Carbonate (Li2CO3) powder. 

Full production will require setting up a dedicated chain for crystal 
growth, material recovery and purification, crystal cut and polishing 
similar to CUORE
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Light Detectors

  

1st floor
3x1x1 mm3  NTDs

1

23

4 5

67

8

Detector assembly
Two Cu frames, each with 4 detectors installed with the Sapphire pieces “style”, 

stacked in a tower

2nd floor
3x0.5x1 mm3  NTDs

4 and 6 have a SiO coating

Technology Development
Neganov-Trofimov-Luke-amplified detectors with NTD readout is baseline for CUPID
NTL technology was developed at IJCLab, France
Pile-up rejection capability was validated with ten prototypes at Canfranc in the CROSS facility

Fabrication
Light detector manufacturing is divided between France and US
Fabrication technologies shared with US, first devices already produced in the US, ANL iterating on 
production recipe (photolithography vs sputtering vs e-beam evaporation)
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CUPID On-Site Tests

CUPID Crystal Validation Run (CCVR) in Hall C test facility

Vertical Slice Test Tower (VSTT) assembled in 2024, cooldown in Q1 2025

Received natural crystals from SICCAS,

Delivery of >12 enriched crystals from SICCAS in early 2025

Continuous presence of CUPID collaborators at LNGS for on-site tests

Onsite Updates

Fitting a copper thermal connection for a 

heater onto upper stage of pulse tube.

Resistive heaters will be capable of 

inputting 100W of power onto top and 

bottom plates of PT, with tunable amount 

of power. 

Thermometry (Diodes) to measure the 

cooling power under different loads going 

on tomorrow
4
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CUPID On-Site Tests in LNGS (Hall C)Detectors: 2 russian LMOs + 4 chinese LMOs + 8 LDs

2

LMO1

LMO2

LMO3

LMO4

LMO5

LMO6

LD11

LD14

LD12

LD13
LD17

LD16

LD18

LD15

2 russian 
LMOs

4 chinese 
LMOs

Cu-PEN

Cu-pins + 
constantan 
wirea

Channels 
Open

2 reference 
crystals

6-crystal tower in Hall C of LNGS

Validate crystal vendor and optimize requirements 

Optimize of tower design (detector thermalization, 
grounding, noise)

Optimize NTD parameters  

One tower with two different wiring schemes

Multiple runs with different thermalization techniques 

Characterize and mitigate LD noise

Bolometric run ongoing
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CUPID Crystals and Light Detectors

Validation of crystal procurement chain, crystal quality (Italy/France)
– First batch of crystals delivered
– Production quality of natural crystals from SICCAS validated
– First batch of enriched crystals expected before end of 2024 (thanks to IN2P3)

Validation of light detector performance, US/France fabrication capability
– Established production and testing facilities in the US, prototype development ongoing 
– Produced 30 wafers for VSTT run at LNGS
– Electrodes for the VSTT light detectors will be produced at IJCLab

Validation of NTD production capability 
– Established production and testing facilities in the US, prototype development ongoing 
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Background Budget

Predictions based on results from precusor 
experiments, CUORE and CUPID-MO and 
improved new. Simulations with realistic light yield 
and NTL on light and ionization.

Reaches background goal of project
1.0 x 10−4 cts/(keV*kg*y)

Full prototype-tower tests at LNGS
Li2100MoO4 crystals pre-production ongoing

Room for background reduction on close components 
by improvements on surface contaminations

CUPID-Mo
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Background Budget - Close Components

NOSV copper + PTFE spacers + 
readout wires

Room for background reduction on close components by 
improvements on surface contaminations



LNGS Scientific Committee, October 2024Karsten Heeger, Yale 19

226Ra/228Th

Bulk → 1.5±0.7 x 10−6 cts/(keV*kg*y)

Surface → 9.0±4 x 10−6 cts/(keV*kg*y)

Cosmogenics 
90 days at sea level and
1 y cooling-down (ACTIVIA). 42K, 82Rb,
88Y, 56Co → 2.3 x 10−6 cts/(keV*kg*y)

Background Budget - Li2100Mo Crystals
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CUPID Project 
1.0 CUPID Project

Technical Coordinator: M. Biassoni (INFN MiB)
IT Project Director/Chief Scientist: F. Bellini (Sapienza Roma)

US Project Director/Chief Scientist: Y. Kolomensky (UCB)

1.01 Project Management
IT: L. Cardani (INFN Roma)

US: B. Fujikawa (LBNL)
FR: A. Giuliani (IJCLab)

1.03 Detector Structure
IT L2: L. Cardani (INFN Roma) 

FR L2 : C. Nones (IRFU)
US CAM: B. Fujikawa (LBNL)

1.04 Host Lab Infrastructure 
& Cryogenic Systems

IT L2: A. D’Addabbo (INFN LNGS)
US CAM: B. Fujikawa (LBNL)

1.05 Data Readout
US L2: B. Welliver (UCB)

US CAM: T. Stezelberger (LBNL)
IT L2: P. Carniti (UniMiB)

1.06 Background Control
IT L2: L. Pagnanini (GSSI)

US L2/CAM: T. O’Donnell (VT)
FR L2: P. Loaiza (IJCLab)

1.01.03 Project Controls
US L3: E. Abela (MRC/LBNL)

1.01.04 Project Management 
& Travel

US L3: B. Fujikawa (LBNL)

1.01.05 Environment, Health & 
Safety

US L3: J. Bramble (LBNL)

1.01.02 Conceptual Design
US L3: B. Fujikawa (LBNL)

1.05.01 Management 1.06.01 Management

1.03.08 Storage & Logistics
IT L3: S. Dell’Oro (UniMiB)

1.05.02 Electronics: FEE
IT L3: G. Pessina (INFN MiB)

1.05.05 SW DAQ & Trigger
US L3: B. Welliver (UCB)

1.05.07 Comp.& Data Storage
US L3: B. Welliver (UCB)

1.04.04 Detector Installation
IT L3: T. Napolitano (INFN LNF)

1.04.02 Wiring
IT L3: E. Ferri (INFN MiB)

1.06.02 Screening Labs IT
IT L3: S. Capelli (UniMiB)

1.06.03 Screening Labs US
US L3: C. Grant (BU)

1.01.01 Project Reviews 1.03.01 Management 1.04.01 Management

1.01.06 Project Engineering & 
QA

US L3: T. Stezelberger (LBNL)

1.06.04 Screening Labs FR
FR L3: D. Poda (IJCLab)

1.06.05 Crystal Validation Runs
IT L3: L. Marini (INFN LNGS)

US L3: ?? (NW)
FR L3: E. Olivieri (IJCLab)

1.03.02 Detector Structure 
Design

IT L3: T. Napolitano (INFN LNF)

1.03.03 PTFE & Copper Parts
IT L3: C. Tomei (INFN Roma)

1.03.04 Assembly Line
IT L3: V. Pettinacci (INFN Roma)

FR L3: A. Gallas (IJCLab)

1.03.07 Parts Cleaning
IT L3: G. Keppel (INFN LNL)

1.03.09 Cryogenic Detector 
Wiring

IT L3: E. Ferri (UniMiB)

1.04.03 Clean Rooms
IT L3: V. Pettinacci (INFN Roma)

1.04.05 Cryostat Upgrade & 
Commissioning

IT L3: A. D’Addabbo (INFN LNGS)

1.04.06 Calibration
US L3: P. Slocum (Yale)
IT L3: L. Marini (GSSI)

1.04.07 Acoustic & Vibration 
Sensors

US L3: P.T. Surukuchi (Pitt)

1.04.08 Ambient Control
US L3: J. Wilhelmi (Yale)
FR L3: P. Loaiza (IJCLab)

1.05.06 Slow Control & 
Monitoring

US L3: P.T. Surukuchi (Pitt)

1.03.10 Tower Assembly
IT L3: M. Biassoni (INFN MiB)

1.05.03 Electronics: Power 
Supplies & Pulsers

FR L3: D. Baudin (CEA)

1.05.04 Electronics: Filters & 
Digitizers

US L3: H. Huang (UCLA)

1.01.07 Procurement
US L3: K. Lingua (LBNL)

L3 first name: primary responsibility
L3 second name: secondary responsibility

1.03.05 Tower Bonding
IT L3: I. Colantoni (CNR Roma)

1.03.06 Gluing
FR L3: P. Mas (IRFU)

1.04.09 CUPID/CUORE Joint 
Operation

IT L3: P. Gorla (INFN LNGS)

1.02 Detector Components
US L2/CAM: L. Winslow (MIT)

IT L2: M. Sisti (INFN MiB)

1.02.02 100Mo Enrichment
IT L3: M. Sisti (INFN MiB)

1.02.03 LMO Crystal 
Production

IT L3: C.Tomei (INFN Roma)

1.02.07 Muon Veto
US L3: R. Maruyama (Yale)

US L3 Deputy: J. Torres (Yale)

1.02.05 NTD Ge Thermistor
US L3: R. Maruyama (Yale)

US L3 Deputy: D. Speller (JHU)

1.02.06 Heater
IT L3: S. Dell’Oro (UniMiB)
FR L3: A. Zolotarova (IRFU)

1.02.04 Light Detector
US L3: V. Singh (UCB)

FR L3: K. H. Khalife (IRFU)

1.02.01 Management

1.02.08 Neutron Shield
IT L3: G. Mazzitelli (LNF)

1.01.08 Risk Management
US L3: E. Imani (LBNL)

1.04.10 Optical Injection 
System

IT L3: S. Copello (INFN Pavia)

1.05.08 Data Readout 
Integration

IT L3: P. Carniti (UniMiB)
US L3: T. Stezelberger (LBNL)

1.01.09 Pre-Operation
IT L3: M. Biassoni (INFN MiB)

US L3: B. Fujikawa (LBNL)

Complete team of L2s and L3 managers
Project controls team
Regular technical board and project meetings
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• Developing technical reference document for reviews, will contain 
updated and detailed informations on the experiment and project

• Defined science requirements and technical requirements
• Preparing for upcoming reviews in US and Italy (proposed: LBNL-

led review in Dec 2024, INFN review in early 2025)

CUPID Project Planning
Requirements

Interfaces
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Transitioning from CUORE to CUPID

01/2026 2030

COMMISSIONING
OF CUPID STAGE I

01/2022

INFRASTRUCTURE 
PREPARATION STARTS

01/202501/2024

TODAY END OF CUORE 
0𝜈𝛽𝛽 CAMPAIGN

EXTENDED CUORE 
SCIENCE 

READY TO START CUPID 
CONSTRUCTION

CRYOSTAT 
AVAILABLE

Seamless transition between CUORE and CUPID possible. 
Collaborations are coordinating proposed CUORE operations plan and CUPID construction.
Aim to retain specialized knowledge in collaboration
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Staged Deployment of CUPID
Phase I 

Phase II 

Detector configuration inside 
cryostat

Deployment and commissioning (1/3, Stage I)

Data takingData taking

Deployment and commissioning 1/3 (Stage I)

Deployment and commissioning 2/3 (Stage II)

Data taking 1/3 (Stage I)

Crystal procurement and tower construction

1/3 Towers ready, 
Stage I
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CUPID Sensitivity 
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CUPID is ton-scale 
experiment with 
competitive sensitivity

CUPID Stage I has world-
leading science reach
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CUPID Discovery Sensitivity

CUORE
SNO+

KamLAND2-Zen
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Sensitivity

data taking by 2030 after 2030now
CUPID is critical to the 
discovery program at LNGS. 

Staged deployment enables 
first science data by 2030 with 
CUPID-I

Ton-scale experiment with 
competitive sensitivity

On-site test are underway 
Technically ready for construction
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