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Search for Neutrinoless Double Beta Decay

0νββ Decay Signature
Distinguishing peak at Qββ for 0νββ decay from continuum 
for 2νββ decay
Energy peak is necessary and sufficient signature to claim 
a discovery
Additional signatures from signal topology, pulse shape 
discrimination, multiple channel readout, …

T1/2 0ν = 0νββ decay half-life
G0ν = phase space (known)
M0ν = nuclear matrix element (NME)
f = new physics term, e.g. effective 
neutrino mass m𝛽𝛽 

CUPID is optimized to achieve this goal
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CUPID: CUORE Upgrade with Particle Identification

• Array of 1596 Li2100MoO4  scintillating bolometers 

• Enriched to >95% in 100Mo (240 kg of 100Mo)

• Isotope: 100Mo with Q-value: 3034 keV: 
• β/γ background significantly reduced 

• favorable NME 

• Exploit Particle ID using scintillation bolometer technique

• Technique robustly demonstrated by CUPID-0 and CUPID-Mo

• Reuse proven CUORE cryogenic infrastructure at LNGS with 
modest upgrades for a cost-effective deployment   

In summary

CUPID baseline goals are conservative and can be implemented within 
the existing detector technology and infrastructure.

CUPID (VSTT) renderings

16
CUPID rendering

From Nello’s presentation
BDPT style?

To be added?

17
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LNGS: Laboratori Nazionali del Gran Sasso
Natural shielding from cosmic rays by the mountain of Gran Sasso   
3600 meter water equivalent overburden 
Well-established support for experiments and user access 
Also site for a proposed LEGEND NLDBD experiment

CUORE
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Established Site and Collaboration
LNGS: Laboratori Nazionali del Gran Sasso

CUPID is extremely well-leveraged and cost-effective:
- Based on decades of bolometric experiments, including Cuoricino, CUORE, CUPID-Mo, CUPID-0
- Established US-Italy-France partnership with experience to execute complex international projects
- Existing underground laboratory and experimental site                
- LNGS provides technical and user support
- Unique cryogenic infrastructure  
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CUORE Infrastructure
CUPID will utilize existing infrastructure (CUORE cryostat, experimental site)

CUORE cryostat
• Multistage cryogen-free cryostat
• Cooling systems: fast cooling 

system, Pulse Tubes (PTs), and
• Dilution Unit (DU)

∼15 tons @ < 4 K
∼ 3 tons @ < 50 mK

• Mechanical vibration isolation
• Active noise cancellation

CUORE (passive) shielding
• Ancient Roman Pb shielding in 

cryostat
• External Pb shielding
• H3BO3 panels + polyethylene
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CUORE Infrastructure

optimization campaigns
warm-up to 90K / cryogenic 
interventions / cooldown

CUORE pre-operations

longer (and more invasive) 
maintenances between dss

standard maintenance 
between dss

CUORE operations
5 years of continuous data taking at Tbase

CUPID will utilize existing infrastructure and CUORE operational experience
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Isotope Choice

Advantages of Bolometric Approach
Detectors and infrastructure are decoupled.

Same cryogenic infrastructure reusable 
with different isotopes and/or crystals

Perfect for test of discovery or precision
measurements

Why 100Mo 

Lower background

More favourable 
Phase space and 

NME

The T1/2 sensitivity 
required to cover the 

IO is smaller

18

100Mo
• High isotopic abundance, feasible enrichment
• Qββ above end point of most β or γ radiation
• Favorable phase space and nuclear matrix 

elements
• Scintillating crystals available
• Large scale crystal production possible

T1/2 sensitivity required to cover Inverted Ordering 
region of m𝛽𝛽 parameter space
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Bolometric Detectors

• Low heat capacity @ T ∼ 10 mK
• Excellent energy resolution (∼0.2% FWHM)
• Detector response independent of particle 

types
• Flexibility in 0νββ candidate choice
• Detector response of O(1) sec if readout with 

e.g. Neutron Transmutation Doped (NTD) Ge 
sensors

• Crystal heat capacity: C
• Conductivity of coupling to thermal bath: G
• Signal amplitude ∝ ΔT = Edep / C
• Decay constant: τ = G / C
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CUPID Concept

100Mo Q-value: 3034 keV: β/γ 
background significantly reduced 
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CUPID Concept

Measure heat and light from energy deposition 

Heat is particle independent, but light yield depends on 
particle type 

Actively discriminate α using measured light yield
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CUPID Detector
Single module: Li2100MoO4, 45x45x45 mm3, 280 g 
Detector: 57 towers of 14 floors with 2 crystals 
each, 1596 crystals 
~240 kg of 100Mo with >95% enrichment 
~1.6.1027 100Mo atoms  
1710 Ge light detectors with NTL amplification

Gravity stacked structure 
Crystals thermally interconnected

Tower

Detector Module

Modular construction enables staged deployment and early science

CUPID (VSTT) renderings

16

CUPID rendering

From Nello’s presentation
BDPT style?

To be added?

17

CUPID (VSTT) renderings

16

CUPID (VSTT) renderings

16

Full CUPID detector

Towers connected suspended from 
the 10 mK plate
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CUPID Sensitivity
CUPID Baseline  
• Mass: 450 kg (240 kg)  of  

Li2100MoO4 (100Mo)  
• 10 yr livetime 
• Energy resolution: 5 keV FWHM 
• Background: 10-4 cts/keV.kg.yr

CUPID aims to cover the inverted hierarchy and a fraction of normal ordering

Projected exclusion sensitivity
Sensitivity comparison

The current experiments and CUPID Only the next generation

19

CUPID Discovery Sensitivity  
T1/2 > 1×1027 yrs (3σ) 
mββ < 13-21 meV

CUPID Exclusion Sensitivity  
T1/2 > 1.8 x 1027 yrs (90% C.I.) 

mββ ~ 9-15 meV
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CUPID Sensitivity

Projected exclusion sensitivity

Show where CUPID will be  

Also showing Stage I 
sensitivity

In the background 
chapter

21

CUPID Baseline  
• Mass: 450 kg (240 kg)  of  

Li2100MoO4 (100Mo)  
• 10 yr livetime 
• Energy resolution: 5 keV FWHM 
• Background: 10-4 cts/keV.kg.yr

CUPID Discovery Sensitivity  
T1/2 > 1×1027 yrs (3σ) 
mββ < 13-21 meV

CUPID Exclusion Sensitivity  
T1/2 > 1.8 x 1027 yrs (90% C.I.) 

mββ ~ 9-15 meV

CUPID aims to cover the inverted hierarchy and a fraction of normal ordering
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CUPID: High-level Requirements
Parameter Value

Crystal Li2100MoO4

Detector mass 450 kg

100Mo mass 240 kg

Energy resolution 
(FWHM)

5 keV

Background index 10-4 counts/(kg*keV*year)

Total 0𝜈𝛽𝛽 Efficiency

(containment × selection)

66%

Livetime 10 years

Level 0 requirements for the full array: 
in the sensitivity formula

Requirement Value
Total detector mass (kg) 450
100Mo Total Mass (kg) 240
Energy resolution (keV) 5
Total BI (ckky) 1,00E-04
Total signal efficiency 6,6E-01
Livetime (yr) 10

A set that provides 3σ discovery sensitivity = 1⋅1027 yr
Including the stageI exposure

4
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Figure 12: CUPID background budget feasibility assessment using data-driven values for
components coming from the CUORE and CUPID-Mo background models [5, 7] and proto-
types. The number indicates the value of each component and is marked by a vertical line.
The orange band represents the uncertainty we have on each specific component. In the
case of the pileup-induced background, this range covers the evaluation of this component
assuming di↵erent high-frequency noise of the LDs. For the close components contamination
the orange band includes estimated improvement we expect using cleaner machining and
handling protocols.

34

16

Background budget and current evaluation

Figure 10: CUPID project BB, defined starting from CUORE and CUPID-Mo background models
and the R&D work performed on scintillating cryogenic calorimeters. These values indicate the
goal set by the CUPID collaboration for each of these backgrounds to reach the total BI allowing
for the design 0⌫�� sensitivity.

– Crystals: From the results of the CUPID-Mo background model, we can extrapolate
the bulk and surface contamination for the LMO crystals. Without including the
expected improvement due to the use of CUORE procedures and clean rooms, we
extrapolate an BI of 0.12·10�4counts/(keV·kg·yr), dominated by � decays of 214Bi and
208Tl isotopes on the crystal surface. We set this as the BB requirement for this
component.

– Close components: the major contribution to the CUPID BI is expected from 238U
and 232Th contamination on the surface of the detector holder parts (copper and PTFE).
The daughter nuclei 214Bi and 208Tl are particularly important, being �-decaying iso-
topes with high Q-value. The decay of these nuclei can produce events in the ROI pass-
ing the selection removing ↵ events. From the experience of CUPID-Mo and CUPID-0,
we know that this background can be reduced by exploiting time correlation between
subsequent ↵ decays [75]. To further control this contribution, we plan to reduce the
surface contamination level of CUORE using cleaner machining and more e↵ective han-
dling and storing procedure for inactive detector materials, mainly copper and PTFE.
We elaborate on these procedures in Section 7. Assuming these improvements, we
budget a contribution of 0.25·10�4counts/(keV·kg·yr) for this component.

The summary of these values is shown in Figure 10. These values represent the budget
set by the CUPID collaboration for each of these backgrounds to achieve the total BI allowed
by the design 0⌫�� sensitivity.

To extract requirements on radiopurity of individual detector elements to achieve this
BB, we perform simulations to determine the contribution to the BI for a given arbitrary
level of each background source. To perform this study, we simulated all the expected back-
grounds in the CUPID experiment with the proper detector geometry and detector response,

30

Background budget shows the goals for the experiment and drives requirements 
Background evaluation demonstrates the current, data-driven evaluation of the 
backgrounds and uncertainties for the conceptual design of the experiment 
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Subsystem Requirements
Level 1: High level subsystem requirements

Requirement Value

Pileup BI (ckky) 5,00E-05

Radioactive BI (ckky) 5,00E-05

Alpha/beta discrimination efficiency 0,996

Light detector rise time [ms] 0,5

Light detector S/N after NTL 60

Detector cooling time (weeks) 6

Minimum achievable operating temperature (mK) 10

Light collection (keV/MeV) 0,36

Combined signal selection efficiency 0,86

Fraction of working LD at the beginning of operation 0,98

Fraction of working HD at the beginning of operation 0,995

Overall detector time resolution @3MeV 0.1 ms

Radon recontamination (nBq/cm^2) BKG < 1e-5ckky

Dust contamination (particles/m^3) BKG < 1e-5ckky

Readout total capacitance (pF) 500

Total cross-talk -65

Background data up-time 0,66 
5

Necessary to meet the 
L0 requirements

A combination of all L2s 
is needed to meet these 

goals
Multiple subsystem 

involved in each of these

details in tableVisualization of the L2 involvement

53

Joint effort
details in table

WBS

(dB)
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• Conservative design, with many parts directly designed, tested, and/or 
inherited from CUORE
– CUORE “hut”, Faraday cage
– Cryogenic infrastructure 
– Detector suspension, vibration isolation
– Cleanrooms, anti-radon system
– Detector parts, fabrication, cleaning
– Sensors (NTD), temperature stabilization (Si heaters)
– Assembly, storage, installation
– Slow controls
– Calibration system (external)
– Decade of experience 

CUPID: technically mature baseline design
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Figure 8: Left: the CUORE cryostat with the di↵erent thermal stages, the vacuum chambers, the cooling
elements, the lead shields, and the detector indicated. Right: rendering of the cryostat support structure.
The external shield sits on a movable platform that can be lifted to surround the cryostat during the
detector operation. When raised, the external shield is at the level of the cryostat cleanroom.

a Y-beam which lies on three vibration isolators directly anchored to the main support platform. The1

cryostat is located inside a cleanroom, while the Y-beam is placed in a Faraday room hosting the readout2

electronics (Fig. 9).3

3.4.2 Low-vibration environment4

The CUORE cryostat must provide low-noise environment suitable for a bolometric detector. Noise5

abatement had to be extensively considered from the early design down to the commissioning phases.6

The first step in this direction was to cope with mechanical vibrations, which generate power by means7

of micro-friction. When this power is dissipated on the coldest stages, it can prevent the experimental8

stage from reaching a stable operating temperature. The impact on the bolometers is even more severe.9

Namely, the crystals are weakly coupled to the cooling unit and are more sensitive to temperature changes.10

Even when the e↵ect is not relevant for temperature stabilization, vibrational noise still contributes to11

the overall noise and directly impacts the energy resolution of the detectors.12

We adopted di↵erent solutions in order to mitigate the problem, protecting the detector from any13

vibration source. On one hand, the entire cryostat support structure is intended for decoupling the14

system from the surrounding environment. On the other hand, the PTs themselves are a large source of15

vibrations, hence we installed a series of devices to dissipate a significant fraction of this power outside16

the cryostat.17

In particular, the choice for a remote motor option for the CUORE PTs, with the rotating valve18

separated from the PT head, reduces the amount of transmitted vibrations and allows us to separate the19

valve grounding from the main one, electrically decoupling the PT and the cryostat from the external20

world. Furthermore, the PTs are not directly anchored to the cryostat plates, as depicted in Fig. 8. At21

the level of the 300 K plate, a polyurethane ring compensates for the horizontal displacement of the PTs22

due to the thermal contractions at the cold stages. Inside the cryostat, flexible thermalizations (copper23

braids) link the cold heads of each PT to the cryostat flanges at the 40 K and 4 K stages, therefore making24

11
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Figure 8: Left: the CUORE cryostat with the di↵erent thermal stages, the vacuum chambers, the cooling
elements, the lead shields, and the detector indicated. Right: rendering of the cryostat support structure.
The external shield sits on a movable platform that can be lifted to surround the cryostat during the
detector operation. When raised, the external shield is at the level of the cryostat cleanroom.
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vibration source. On one hand, the entire cryostat support structure is intended for decoupling the14

system from the surrounding environment. On the other hand, the PTs themselves are a large source of15

vibrations, hence we installed a series of devices to dissipate a significant fraction of this power outside16

the cryostat.17

In particular, the choice for a remote motor option for the CUORE PTs, with the rotating valve18
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the level of the 300 K plate, a polyurethane ring compensates for the horizontal displacement of the PTs22
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Figure 15: Left: bonding of a CUORE tower. Right: a CUPID-0 light detector pre-assembled in its 3D
printed housing.

Figure 16: Left: tower cabling. Right: CUORE towers inside their LN2 storage box.

in individual nitrogen-flushed boxes in CR4 (see Fig. 16). We anticipate similar storage arrangement will1

be adequate for CUPID.2

3.5.7 Detector installation3

In CUORE, the detectors hang from the TSP, which is in thermal contact with the 10 mK stage. We4

used a custom-designed cart, which provided fine adjustment of the XYZ position and tilt of the tower,5

to position the tower under the assigned spot beneath the TSP and raise it into position (Fig. 17, left).6

The tower was then fixed to the TSP and the readout strips connected. The operations were carried out7

in a specially designed soft-walled cleanroom (CR6), which was supplied with radon-free air. The towers8

were installed by a team of three people at a rate of one per day. For redundancy, a cylindrical plastic9

barrier could be quickly positioned around the bottom of the cryostat, covering the mounted towers. This10

bag was put in place and continuously flushed with nitrogen when personnel were not working in CR6.11

and when personnel entered or exited the room. The pace of installation was set by several factors: the12

time needed for the radon level in CR6 to reduce to acceptable levels after entering or exiting the area;13

the time needed to re-clean the working area and tools before the next operation; and the desire not to14

overexert the operators performing the critical and stressful installation task. We anticipate a similar15

setup and protocol will be adequate for CUPID.16

19
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• Straightforward scaling from CUORE and CUPID-Mo:
– Upgraded cryocoolers (PTs)
– Upgraded internal thermalization (reduce vibrations)
– Baseline Li2MoO4 crystal vendor
– Light detector design
– Detector wiring
– Denser detector packing
– Readout electronics, DAQ, trigger
– Computing, analysis, simulation tools
– QA/QC procedures and protocols 
– Background mitigation and control

CUPID: technically mature baseline design

Figure 23: Scheme of the
furnace for crystal growth
with thelow thermal gradi-
ent Czochralski technique.

scattering defects, this allows evaluation of the geometry and position of the scintillation element that1

can be cut from the ingot.2

As a first step of crystal processing, the crystal boule is fixed mechanically on a holder without using3

any resin or other gluing material in order to avoid dissolving the resin or the glue in the organic liquids4

used in the cutting process. This also minimizes the pollution of the scraps after the cutting process.5

Crystal boules are cut with strip tape with a diamond layer applied at its end using high purity6

kerosene as a coolant. The coolant liquid with crystal sludge is collected in a plastic tub to save as much7

of the enriched material as possible.8

The obtained crystal bars are glued on a glass plate with a thin layer of organic resin. Cylindrical9

shapes are obtained by cutting the crystal with a tubular drill with a < 1 mm thick diamond tip, while10

parallelepiped shapes are cut with a wire-saw. In all cases, kerosene is used as a coolant liquid.11

The shaped crystals are further polished using an emulsion of silicon carbide powder and vacuum oil12

as a slurry. The sludge produced at this stage is highly contaminated, but of limited amount. Therefore,13

it is not reprocessed.14

The final polishing is carried out using radiopure silicon oxide abrasive powder and vacuum oil.15

Polishing is carried out on synthetic fabric. A layer of several tens of micrometers is removed. Losses16

at this stage are almost negligible. Nevertheless, even in this case residuals could be collected for the17

recovery of enriched Mo.18

An example of Li2100MoO4 crystals produced for CUPID-Mo is shown in Fig. 24.19

4.6 Enriched 100Mo recycling20

Due to the cost of the isotopically enriched molybdenum, a method to recover the crystal growth residues21

and the scraps from the mechanical treatment has been developed. Large crystal residues and trimmings22

are grinded before being placed into the crucible of the crystal growth set-up. The scraps obtained from23

31

TowerDetector Module Tower Arrangement

Figure 9: Schematic views of a single CUPID floor, consisting of two side-by-side detector
modules, each consisting of a Li2MoO4 absorber and a Ge light detector. A single tower of 14
floors, or 28 detector modules. Top-down view of the 57 tower arrangement in the cryostat.
(Red blocks are footprints of the plate support structures.)

the Li2100MoO4 crystal in order to provide the thermal signal readout. Each Ge light detector
also acts as a bolometric detector – sensitive to a lower range of energies – and is instrumented
with an NTD. The basic components are presented in Fig. 9. The crystals and the light-
detector wafers are supported by PTFE elements and a copper structure. These frames
are stacked, forming a detector tower. Light detectors are positioned between each pair of
vertically adjacent crystals, thus each light detector will monitor two crystals simultaneously.
Fig. 19 of Section 5.2.4 shows the CUPID array hosted inside the CUORE cryostat. The
array will be operated at a temperature around 10–20 mK.

CUPID will be housed in the cryogenic facility presently hosting CUORE and will benefit
from its infrastructure, including shielding, cryogenics, detector calibration systems, vibration
isolation system, and detector hut. In addition to the physical infrastructure, CUPID will also
benefit from the considerable operational experience from both the US and Italian CUORE
members. CUPID will add to the existing infrastructure with upgraded electronics and data
acquisition systems, as well as an active muon veto system to reduce cosmogenic backgrounds.

In summary, the CUPID baseline design involves the following key features, which are
each discussed in detail later in this document:

– Mo enrichment to � 95% 100Mo (WBS 1.2.2),

– The Li2100MoO4 crystal growth into the 45⇥ 45⇥ 45mm3 cubes (WBS 1.2.3)

– Cryogenic light detectors to reject ↵ related backgrounds at the level of 99.9% (WBS
1.2.4)

– NTD temperature sensors, providing energy resolution of ⇠5 keV (WBS 1.2.5)

– Reduction in the cosmogenic backgrounds to a negligible level with the use of an active
muon veto (WBS 1.2.7)

18

Figure 31: Li2100MoO4 crystal produced for
the CUPID-Mo pilot experiment.

reprocessed. The final polishing is carried out using radiopure silicon oxide abrasive powder
and vacuum oil. Polishing is carried out on synthetic fabric. A layer of several tens of
micrometers is removed. Losses at this stage are almost negligible. Nevertheless, even in this
case residuals could be collected for the recovery of enriched Mo. Examples of Li2100MoO4

crystals produced for CUPID-Mo are shown in Fig. 31.

7.2.6 Enriched 100Mo Recycling

Due to the cost of the isotopically enriched molybdenum, a method to recover the crystal
growth residues and the scraps from the mechanical treatment has been developed. Large
crystal residues and trimmings are grinded before being placed into the crucible of the crys-
tal growth set-up. The scraps obtained from machining are fired to remove traces of organic
compounds (kerosene, resin, etc), and then dissolved and filtered. The solution is evapo-
rated to obtain a solid precipitate. The obtained Li2MoO4 powder is decomposed by acid
to molybdic acid (H2MoO4). Molybdic acid is then annealed to molybdenum oxide (MoO3).
The molybdenum oxide is purified with the procedure described in Sec. 7.2.1. The sublima-
tion process is repeated two-three times depending on the MoO3 contamination level. The
recycling process recovers > 90% of the molybdenum from scraps of di↵erent origin.

7.2.7 Alternative for Recycling: Zone Refinement

An alternative to this chemical recovery protocol is to use zone refinement. This method has
the potential to be more e�cient both in time and the amount of recovered material. The
University of South Carolina has extensive experience with this technique from their work
on the MAJORANA Demonstrator. They have commissioned a 24-heat-zone MELLEN fur-
nace and are now optimizing the settings for Li2MoO4. Simultaneously, they are working
with the crystal growth companies on understanding the capacity needed for the full crys-
tal production. Zone refinement is not part of the baseline plan but is an important risk
mitigation.

69

More details in Technical Readiness session
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• New components/developments
– 100Mo isotope, Li2CO3 source
– Streamlined tower design
– “Bare” crystals without reflective foil 

• Still excellent 𝛼 rejection, lower 
backgrounds

– Light detectors with NTL amplification 
– Muon veto

• Possible alternatives to mitigate risks
– Conventional tower design
– Light detector technology
– Scope of muon veto system

CUPID: technically mature baseline design

Figure 19: Geometry of the CUPID baseline
detector array as implemented in the Geant4
simulation software. A rudimentary geometry
of the muon veto panels are represented by the
light blue panels around and below the exter-
nal shielding. The muon veto consists of three
sets of panels: bottom (below the cryostat),
lateral (tall panels flush with the shields), and
bottom-lateral (short panels at the edge of the
bottom panels).

tion of PID, enabled by the scintillating bolometers and LDs, while the later is done with
the addition of a delayed coincidence cut and improved shielding. This change in bolometer
technology introduces an additional background consideration of 2⌫�� pileup, which we also
discuss below. Finally, we need to reduce the background from muons, which is done with
the addition of an active muon veto system. We also consider neutrons and neutrino back-
grounds, which are often discussed in the context of 0⌫�� decay searches, but contribute
negligibly to CUPID.

5.3.1 Mitigation of Surface Backgrounds with PID

The leading contribution to the CUORE BI in the 100Mo ROI comes from degraded ↵ parti-
cles. These are produced in decays that occur on surfaces of the crystal or passive materials
near the crystals. An ↵ decay on a passive surface near a crystal may lose a fraction of
its energy in the passive surface before depositing a fraction of their kinetic energy in the
crystal. Similarly, an ↵ decay on the surface of the crystal may deposit some of its energy
in the crystal, before escaping and terminating in a passive material. Both scenarios lead
to a relatively flat background at energies well below the ↵ decay energy, which generates
backgrounds in the 100Mo ROI. In CUORE, this is the dominant contribution to the 100Mo
BI of 10�2 counts/(keV·kg·yr).

The major technical advancement of CUPID is the ability to do PID based on measured
scintillation light. Each Li2100MoO4 crystal is coupled to two LDs consisting of Ge wafers
instrumented with temperature sensors. The anticipated performance of this technique in
CUPID is driven by the demonstrated success of this technique in CUPID-Mo, which was
built on the success of the LUMINEU program [28] and has been reproduced in dedicated
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TowerDetector Module Tower Arrangement

Figure 9: Schematic views of a single CUPID floor, consisting of two side-by-side detector
modules, each consisting of a Li2MoO4 absorber and a Ge light detector. A single tower of 14
floors, or 28 detector modules. Top-down view of the 57 tower arrangement in the cryostat.
(Red blocks are footprints of the plate support structures.)

the Li2100MoO4 crystal in order to provide the thermal signal readout. Each Ge light detector
also acts as a bolometric detector – sensitive to a lower range of energies – and is instrumented
with an NTD. The basic components are presented in Fig. 9. The crystals and the light-
detector wafers are supported by PTFE elements and a copper structure. These frames
are stacked, forming a detector tower. Light detectors are positioned between each pair of
vertically adjacent crystals, thus each light detector will monitor two crystals simultaneously.
Fig. 19 of Section 5.2.4 shows the CUPID array hosted inside the CUORE cryostat. The
array will be operated at a temperature around 10–20 mK.

CUPID will be housed in the cryogenic facility presently hosting CUORE and will benefit
from its infrastructure, including shielding, cryogenics, detector calibration systems, vibration
isolation system, and detector hut. In addition to the physical infrastructure, CUPID will also
benefit from the considerable operational experience from both the US and Italian CUORE
members. CUPID will add to the existing infrastructure with upgraded electronics and data
acquisition systems, as well as an active muon veto system to reduce cosmogenic backgrounds.

In summary, the CUPID baseline design involves the following key features, which are
each discussed in detail later in this document:

– Mo enrichment to � 95% 100Mo (WBS 1.2.2),

– The Li2100MoO4 crystal growth into the 45⇥ 45⇥ 45mm3 cubes (WBS 1.2.3)

– Cryogenic light detectors to reject ↵ related backgrounds at the level of 99.9% (WBS
1.2.4)

– NTD temperature sensors, providing energy resolution of ⇠5 keV (WBS 1.2.5)

– Reduction in the cosmogenic backgrounds to a negligible level with the use of an active
muon veto (WBS 1.2.7)

18

Figure 32: (LEFT) The first
Li2MoO4 crystal from RMD Inc.
instrumented as a scintillating
bolometer by CSNSM in Orsay.
(Right) The first Li2MoO4 boule
from RMD Inc.’s new furnace ca-
pable of producing full sized crys-
tals.

7.2.8 Alternative Vendors for Crystal Production

High-quality crystals for LUMINEU, CUPID-Mo, and the current set of R&D measurements
have been produced by Nikolaev Institute of Inorganic Chemistry (NIIC). This institution
has an established procedure and the capacity to produce all crystals needed for CUPID,
and remains the baseline vendor. However, experience from other experiments indicates that
having multiple vendors for capable of high-volume crystal production mitigates risks, im-
proves the overall quality of the detectors, and reduces the production time. Therefore, the
collaboration is exploring alternative vendors for the production of a fraction of the Li2MoO4

crystals. The Chinese vendor for the CUORE crystals has recently produced several natural
Li2MoO4 crystals. We are also nurturing several US-based companies for the procurement of
the crystals: RMD Inc. and Gooch & Housego Inc.

RMD Inc. (USA)
RMD Inc. is based in Watertown, MA and has been working closely with the CUPID

collaboration to develop Li2MoO4 crystal expertise in the US. They are the recipient of several
DOE SBIR awards to support this work. At this point, two natural crystals were grown
using commercially available precursors. The first crystal was 31.5mm⇥30mm⇥19mm and
the second was 30mm⇥30mm⇥30mm. As shown in Fig. 32, the crystals were instrumented
at CSNSM Orsay and tested on the surface as bolometers.

The crystals had light yields of 0.5 keV/MeV. This is the low-side of the acceptable range;
the best crystals achieve 1.0 keV/MeV. The heat signals had abnormally long pulse shape
which is believed to be the source of the slightly high 7.5 keV resolution relative to the
goal of 5 keV. Both the ligh yield and energy resolution would improve with the additional
purification steps to remove contaminants such as W. The resulting alpha-beta discrimination
parameter was su�cient at 3.9, better than the goal of 3.5. The backgrounds in the alpha
region were below the sensitivity of the test-stand, a good result considering the precursors
used.

RMD Inc. procured a GS 60CZ crystal growing system and are now growing full-size
CUPID crystals 45mm⇥45mm⇥45mm. They are preparing to handle enriched materials
and are interested in being certified for the full production, see attached letter of interest and
documentation of their capabilities.

Gooch and Housego Inc. (USA)
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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: G. Zehnder (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: K. Alfonso (VT)
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: K. Heeger (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)

US responsibility
Italy responsibility
France responsibility
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WBS Structure

Experienced team (CUORE+CUPID-Mo)
CUORE experience as international project
Clean separation of scope between US and EU

US Scope
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• Guiding principles:
– Leverage scientific and technical strength of each participant 
– ~40:60 split of US:Italy contributions to M&S budget driven by the expected ratio of scientific personnel 
– Respect boundary conditions within each country
– Cost-effective, technically conservative, fiscally responsible design

• The scope of the project has evolved since CDR review, reflecting the re-assignment of 
responsibilities for the isotope/crystal purchase 
– INFN assumes responsibility for the entirety of the enriched crystal procurement
– US assumes limited financial responsibility for the remaining CUPID scope and operations, up to the 

40:60 split of M&S expenses
• What this means in practice:

– US agrees to provide financial support of some part of the CUPID scope where INFN leads technical 
developments

– US assumes a large fraction of operational support, to make up the difference in 40:60 split
– US exposure is limited by the overall cost of the isotope/crystals, to be finalized when INFN contract is 

signed. US exposure will be documented by the MOUs between DOE/INFN and LBNL/LNGS

Scope Division
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Organizational structure 

Name, Institution LBNL Project Review, December 16-17, 2024 12

Management of Scope, Scientific, Technical Decisions
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• Fully integrated project management structure
– TCB for coordination of technical decisions, management of construction 
– EB for coordination of strategic decisions
– Integrated project controls (operated at LBNL)

• Separate budget management and reporting responsibilities 
– Direct reports to individual funding agencies
– Separate management of scope and contingency within each country

• Coordination between funding agencies, joint technical reviews 
(Finance Board, CUPID Advisory Board)
– Will eventually need to be formalized by MOUs (DOE-INFN and LBNL-

LNGS)

Organizational principles 
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US Project Office 

US Project Director: Yu. Kolomensky (LBNL/UCB)

US Project Manager: B. Fujikawa (LBNL)

US Project Controls: K. Minor, G. Zehnder (LBNL)

US Project Engineer: T. Stezelberger (LBNL)

US Safety Officer: J. Bramble (LBNL)

US Procurement Specialist: K. Lingua (LBNL)
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Experienced Project Office

CUORE, E158
CUORE, KamLAND
ALS-U
GRETA, IceCube 
NSD Safety Coordinator
Extensive experience

Logistical support from Export Controls, Shipping/Receiving, Travel office
Advice and oversight by LBNL Project Management Office (John Corlett)
Support by NSD leadership and PSA ALD

Most of L2 and L3 managers have CUORE experience. Healthy mix of senior (L2) and 
junior (some L3) collaborators in line management positions. 

NP project experience 
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Schedule with Staged Deployment
Stages, timeline and sensitivity

High level rendition of the 
master plan

Crystal procurement 
comprises:

Enrichment, growth, 
processing, shipment, 

CCVR, tower assembly for 
multiple batches

Deployment comprises: 
end of the assembly, 

installation, 
cooldown/warmup, 

commissioning

23

ToDos: EB guidance on time axis… 

Technically limited schedule

Early deployment of ~1/3 of 
the detector:
- Progress towards LRP-23 

goals before the end of 
the decade

- Mitigates risks
- Helps maintain 

collaboration expertise 
and workforce training
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• Point estimate: $44.1M
– Includes bottoms-up contingency, 

risk-based schedule contingency
• Cost range: $39M-$49M

– Low end: reduced scope (e.g. NSF 
contributions)

– High end: full project outside of 
413.3B (increased burdens)

Budget summary, cost range

Stage I Stage II

Funding Source
Control Account

Sum of Value
Row Labels Total k$ W. Contingency

US 33885.4 41314.6
Stage I 20487.0 25086.4
Stage II 13398.4 16228.2

Grand Total 33885.4 41314.6

WBS (2) Title

1.01 Project Management

1.02 Detector Components

1.03 Detector Structure

1.04 Host Lab Infrastructure …

1.05 Data Readout

1.06 Background Control
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• CUPID aims to discover (or rule out) neutrinoless double 
beta decay in the parameter space consistent with the 
Inverted Ordering of neutrino masses

• CUPID project is technically conservative and mature
• Collaboration and the project team are experienced and 

capable

Summary
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1. Is the project’s scope sufficiently well-defined and technically mature to support the preliminary cost and 
schedule estimates?
• YGK, BKF, KM talks, drill-down tomorrow

2. Is there sufficient detailed information available and documented to support the current TPC Point 
Estimate and range?
• KM talk, BOEs, drill-down tomorrow

3. Are the estimates accurate, credible, and realistic for this stage of the project?
• KM talk, BOEs, drill-down tomorrow

4. Is the basis for the proposed low and high cost range reasonable? Is the proposed schedule contingency 
between early finish and late finish reasonable for this stage of the project?
• YGK, BKF, KM talks, drill-down tomorrow

5. Are the project risks identified, reasonable, and is cost contingency adequate for this stage of the project?
• BKF talk, Risk registry

6. Is the schedule reasonable, does it identify a critical path, and include sufficient detail for this stage of the 
project?
• KM talk

7. Have Lessons Learned from similar projects (i.e. CUORE, LZ, and others) been considered?
• BKF talk

Charge


