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CUPID Concept

Replace CUORE detector array of TeO2 with new one, 
based on Li2MoO4


Same mass scale as CUORE: Build on experience in 
existing cryostat, with improved technology


Existing cryogenic infrastructure: Was challenging for 
CUORE, now an established technology.


Additional detector functionality: particle identification 
through light read-out, 3 times higher # of channels.
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CUORE in Person

The construction and now stable 
operation (>90% livetime) of the 
largest 10 mK refrigerator in the world 
is huge accomplishment. 
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CUORE in Person

The CUPID team and CUORE teams are highly overlapping and excited to 
realize the next generation experiment
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100Mo Q-value: 3034 keV: β/γ 
background significantly reduced 

CUPID Technology
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Highlight: CUPID-Mo Demonstrator 

MIT Grad Student: 
Joe Johnston

• French-led Demonstrator operating in LSM
• 20 200g Li2100MoO4 scintillating bolometers (97% 

enriched)
• PID allows separation of α events from β/γ events

CUPID-Mo α 
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• Italian-led Demonstrator Operating in LNGS
• 26 400g Zn82Se scintillating bolometers (97% 

enriched)
• PID allows separation of α events from β/γ events

• Observed significant background in the ROI
– Mostly due to crystal contaminations
– Indicates issues with ZnSe purification and growth

➡ CUPID-0 background model is a demonstration of 
the background model reconstruction technique, but 
not relevant for extrapolating to CUPID 

– CUPID is not using ZnSe bolometers
– CUPID-Mo is the relevant comparison

Highlight: CUPID-0 Demonstrator

G. Benato for the CUORE and CUPIDs TIPP 2021

CUPID-0

Experiment structure

● 26 ZnSe crystals (24 enriched at 95% in 82Se)
● Light detectors: Ge wafer + NTDs
● Crystals + LDs encapsulated in copper + reflector foil
● 5 towers, located in old Cuoricino cryostat at LNGS
● Total Phase-I exposure: 9.95 kg∙yr
● α rejection through pulse shape of light signal

11

Eur. Phys. J. C (2019) 79 :583 Page 13 of 16 583

500 1000 1500 2000 2500 3000 3500
Energy (keV)

5−10

4−10

3−10

2−10

1−10

1

10

210

Co
un

ts 
/ (

ke
V

 k
g 

y)  Experimentalγ/β1M
ββν2

Th)232Crystals (
U)238Crystals (

Crystals (others)
Reflectors
Cryostat & Shields
Muons

Fig. 9 Background sources contributing to the M1β/γ reconstruction,
grouped by source and component. The shaded area corresponds to the
400 keV energy range from 2.8 to 3.2 MeV (ROIbkg) chosen to analyze
the background in the region of interest around the 82Se 0νββ Q-value.

In this plot, the time veto for the rejection of 208Tl events is not applied,
thus the ROIbkg is dominated by the β/γ -events from 232Th chain con-
taminations located in Crystals

the expected rate in the narrower region where the 0νββ sig-
nature is searched. This is true for all background components
except for the 2νββ one, because its spectrum has the end-
point at the Q-value of 82Se ββ decay. The contribution from
2νββ source reported in Table 5 is produced exclusively by
events with energy < 2950 keV, while the expected counting
rate from 2νββ in a 100 keV range centered at 82Se Q-value
is < 3 × 10−6 counts/(keV kg year).

In order to study the systematic uncertainties of the back-
ground reconstruction in the ROIbkg , we perform some fits in
which the sources are modeled in a different way with respect
to the reference fit. Particularly, we performed the following
tests:

1. a fit with a reduced list of sources in which we exclude the
contaminations evaluated as upper limits in the reference
fit;

2. a fit with Crystals surface contaminations simulated by
setting the depth parameter at 0.1µm instead of 0.01µm;

3. a fit in which the 226Ra–210Pb contamination inReflectors
is removed from the list of sources;

4. a fit in which theReflectors sources simulated with 10µm
depth parameter are replaced by uniformly distributed
contaminations;

5. a fit in which we add 232Th and 238U contaminations on
Holder surfaces (λ = 10µm), constrained by priors from
CUORE-0 background model [10];

6. a fit in which we investigate the effect of 232Th and 238U
surface contaminations on the 50 mK shield surrounding
the CUPID-0 tower;

7. three fits in which the source list does not include 232Th
and 238U contaminations in CryoInt, IntPb, and ExtPb,
respectively;

In all of these tests, we obtain pull distributions compat-
ible with a standard Gaussian. Therefore, we analyze the
differences in the ROIbkg counting rates to get an estimate
of systematic uncertainties, reported in Table 5. We do not
quote a systematic uncertainty for 2νββ contribution to the
ROIbkg , because the results from all tests are within a range
much smaller than the statistical uncertainty. Crystals sur-
face contaminations are constrained by the time analysis of
consecutive α decays. Their counting rate in the ROIbkg has a
maximum variation of ∼ 30% when fitting with the reduced
list (that does not include 10 µm surface contaminations of
Crystals) and when performing the tests number 2 and 3.

The systematic uncertainties affecting the ROIbkg count-
ing rate due to Reflectors and Holder contaminations are
investigated through tests number 3, 4, and 5. The bulk/deep
surface contaminations in Reflectors produce a continuum
of degraded α that allows to obtain a good fit to the M1α

spectrum in the [2–4] MeV range. Since 232Th in Reflectors
is constrained by a prior which makes negligible its contri-
bution, 226Ra–210Pb and 210Pb–206Pb are the only reflector
sources which are left free to fit this continuum. In fit number

123

CUPID-0 10 kg yr
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CUPID Detector

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

Gravity stacked structure 
Crystals thermally interconnected

Tower

Tower 
Arrangement

Opportunity to deploy multiple isotopes, phased deployment

Single Detector  
Li2100MoO4, 45x45x45 mm, 280 g 
Ge light detector as in the 
demonstrators, CUPID-Mo, CUPID-0 
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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 
for a cost-effective deployment   

Add external muon veto, improved neutron shield

Scalable to 1-ton scale (CUPID-1T) technically possible
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Collaboration at LNGS
LNGS: Laboratori Nazionali del Gran Sasso

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

Collaboration has worked at LNGS for 
many years. 

Based on Established Italian-US 
partnership.
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LNGS as Host Lab

Strong support from the Lab in terms of services like ICP-MS, γ-spectroscopy, 
electronics, cryogenics, clean rooms, etc 

LNGS Scientific Committee gave its scientific approval in September 2020.  

CUPID is allowed to use underground space and the CUORE infrastructure.

LNGS: Laboratori Nazionali del Gran Sasso
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Established Site and Infrastructure

CUPID is extremely well-leveraged and cost-effective:
Existing experimental site, unique cryogenic infrastructure.                       
LNGS provides technical and user support.

LNGS: Laboratori Nazionali del Gran Sasso
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
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CUPID Science Program
Search for 0νββ decay 
Precision two-neutrino double beta decay 
2𝜈𝛽𝛽 and 0𝜈𝛽𝛽 decays to excited states 
Majoron-emitting decays 
Tests of Lorentz invariance and CPT violation 
Tests of fundamental principles  

Electric charge conservation 
Verification of the Pauli exclusion principles 

Tri-nucleon decay and baryon number conservation 
Light dark matter searches 
Supernova neutrino searches 
Solar axion searches  
Millicharged particles

All topics potential papers and student theses
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Background Budget CUPID (baseline) goal

←99% to 90% → veto efficiency 
(simulation validation on CUORE)

from CUORE 

from CUORE /CUORE-0 (uncertainty and limits)

from CUPID-Mo  (uncertainty and limits)

wide space for improvement   ←→       minimal  goal →

Data-driven background model 
- validated in multiple experiments 
- measurements/limits for all materials to 

be used in CUPID 

Well-defined path to reduce the 
CUORE backgrounds to the levels 
required for CUPID 

- demonstrated required crystal purity 
levels 

- holders U/Th contamination levels 
achieved in CUORE are sufficient for 
CUPID 

- contamination in cryogenic shields is 
well understood 

- pileup background is well understood 
and we have several well defined paths 
to achieve this

The path to achieve the CUPID background goal is well understood and conservative
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Background from 100Mo 2νββ Pileup

100Mo 2𝜐𝛽𝛽 spectrum 
simulated in a LMO crystal

without pile-up 
with pile-up

 Qββ ~3034 keV

Energy [keV]

LMO and light detector risetime and S/N
read-out & DAQ band-width
noise (vibration reduction)
analysis algorithms

rate ~ 3 mHz/crystal
pile-up events may populate the 0νββ ROI 

demonstrated < 1×10−4 counts/(keV·kg·yr)

goal (test on-going) < 0.5 ×10−4 counts/(keV·kg·yr)

100Mo 2𝜐𝛽𝛽 half-life  ~ 7 x 1018 yr

Pile-up discrimination depends
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CUPID Sensitivity to 0νββ
CUPID Baseline  
• Mass: 472 kg (240 Kg)  of 

Li2100MoO4(100Mo)  
• 10 yr runtime 
• 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
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CUPID Baseline Discovery Sensitivity  
T1/2 > 1.1x1027 yrs (3σ) 
mββ ~ 12-20 meV
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CUPID Sensitivity to 0νββ

Reach  
•  R&D for further background reduction by  
radio purity and reduce pileup background 

•  Discovery sensitivity T1/2 > 2×1027 yr (3σ)

1-Ton  - Quantum Enabled, Normal Hierarchy  
•1000 kg of 100Mo  
•Discovery sensitivity T1/2 > 8×1027 yr (3σ)

Baseline - Ready to Go 
• Mass: 450 kg (240 Kg)  of Li2100MoO4(100Mo) for 10 yrs 
• Energy resolution: 5 keV FWHM 
• Background: 10-4 cts/keV.kg.yr 
• Discovery sensitivity T1/2 > 1.1×1027 yr (3σ) 
• Conservative, limited R&D

CUPID-1T is within technical reach, limited by timeline and cost
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Timeline and Discovery Sensitivity
Discovery Sensitivity and Lifetime Worldwide context

2024: completion of CUORE data taking
2025: start preparing cryostat for CUPID, modest modifications
2028: start of CUPID data taking
2030: new data and scientific results before the end of the decade in technically-driven schedule

2028: start of CUPID data taking
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CUPID-Baseline

CUPID-Reach

Example of toy experiments simulated for 10-year 
exposure and T1/2(100Mo)=1027 years.
If signal is seen, modular detector allows data taking with 
different isotopes.
Envision CUPID to be part of a world-wide suite of 
experiments to discover 0νββ.
Multiple experiments will be needed to establish 
discovery. 

3𝜎

5𝜎

CUPID Signal: Preparing for Discovery



Lindley Winslow NSAC - November 16, 2021 20

Collaboration

CUPID Collaboration

Italy 
USA 
France 
China 
Ukraine 
Russia 
Spain

64 
42 
25 
10 
5 
4 
1 

INFN Laboratori Nazionali del Gran Sasso 
CNR-Institute for Microelectronics and Microsystems 
INFN Sezione di Bologna 
University of Bologna 
INFN Laboratori Nazionali di Frascati 
INFN Sezione di Genova 
University of Genova 
Laboratoire de Science et Ingénierie des Matériaux et Procédés 
University of Science and Technology of China 
Institute for Nuclear Research of NASU 
INFN Laboratori Nazionali di Legnaro 
INFN Sezione di Roma 
Gran Sasso Science Institute 
INFN Laboratori Nazionali del Gran Sasso 
Institut de Physique des 2 Infinis 
INFN Sezione di Milano - Bicocca 
National Research Centre Kurchatov Institute,  
Nikolaev Institute of Inorganic Chemistry 
Université Paris-Saclay, CNRS/IN2P3, IJCLab 
INFN Sezione di Padova 
Sapienza University of Rome 
INFN Sezione di Roma and Sapienza University of Rome 
CNR-Institute of Nanotechnology 
IRFU, CEA, Université Paris-Saclay 
IRAMIS, CEA, Université Paris-Saclay 
Fudan University 
Shanghai Jiao Tong University 
Centro de Astropartículas y Física de Altas Energías, Universidad de Zaragoza 
ARAID Fundación Agencia Aragonesa para la Investigación y el Desarrollo 
University of Milano - Bicocca 
Beijing Normal University

Argonne National Laboratory 
Boston University 
California Polytechnic State University 
University of California, Los Angeles 
University of California, Berkeley 
Drexel University 
Johns Hopkins University 
Lawrence Berkeley National Laboratory 
Massachusetts Institute of Technology 
University of South Carolina 
Northwestern University 
Virginia Polytechnic Institute and State University 
Yale University 

US Institutions Other Institutions AuthorsCountries

3%

1%

3%

17%

7%

28%

42%

Italy USA
China France
Russia Spain
Ukraine

A strong, international collaboration
builds on Italian-US partnership

INFN Sezione di Milano - Bicocca 

https://cupid.lngs.infn.it/
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Collaboration

Collaboration structure and agreement reflect 
(expected) resources and financial commitment 
of countries


Project management has line responsibility for 
country’s scope. 


Inclusive collaboration, leverages international 
expertise, moderately correlated to funding.

Major participants: Italy (~60 authors), US (~40 authors), France (~25 authors) 

Other participants: Russia, Ukraine, China, Spain

Scope Authors EB members
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Project Structure

Project structure reflects Italian-US scope* 
*Structure will be mirrored for France 
and other countries as additional 
contributions are finalized.
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CUPID Schedule - Details

Isotope and Crystal Production 
are the long lead items that 
drive the schedule. 
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• Copy from the proposal

Budget summaryTable 4: US-CUPID cost profile by fiscal year, and the total project cost, separated into labor, procurement, escalation, and
contingency.

US costs

Copy of Cost Table 3, Cost
Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation Contingency Total

in FY $$ in FY22 $$
Labor Engineer 294,152 406,273 449,934 346,514 444,427 356,175 24,353 2,321,828 2,252,173 69,655 381,700 2,703,527

Faculty 9,904 10,201 10,507 10,822 11,147 11,482 64,063 62,141 1,922 9,609 73,673
Post Doc 267,004 264,676 215,040 349,094 334,419 103,474 37,405 1,571,112 1,523,979 47,133 402,758 1,973,870
Program Management 482,930 484,201 503,910 524,405 542,762 561,759 247,150 20,091 3,367,209 3,266,193 101,016 505,081 3,872,290
Scientist 352,557 172,943 260,524 142,271 400,643 137,507 47,284 1,513,729 1,468,317 45,412 368,676 1,882,405
Student 865 56,751 93,248 69,449 84,757 49,827 8,266 363,162 352,267 10,895 90,791 453,953
Technician 49,064 226,150 18,799 106,855 37,672 438,540 425,384 13,156 109,635 548,175

Non-Labor Procurement ###### ###### ###### ###### ###### 79,539 607,212 ######## 17,873,863 383,403 4,740,017 22,997,283
Travel 22,521 35,870 43,442 17,259 12,812 6,541 20,034 158,478 155,150 3,328 39,619 198,097

Copy of [Cost Table 3], FTE
Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation Contingency Total

Engineer 0.69 1.39 1.51 1.05 1.11 0.77 0.02 6.54
Faculty 0 0 0 0 0 0 0
Post Doc 2.87 2.85 3.34 3.73 2.74 0.68 0.25 16.51
Program Management 1.17 1.22 1.18 1.2 1.2 1.2 0.48 0 7.65
Scientist 1.48 0.77 1.03 0.6 1.72 0.57 0.27 6.44
Student 0.4 1.83 4.32 2.44 3.53 1.82 0.29 14.73
Technician 0.25 1.52 0.14 0.75 0.26 2.92
Uncosted 0.02 0.97 1.61 0.82 0.62 0.51 1.47 0.24 6.26

Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Total Base cost Base cost Escalation Contingency Total Minus scope contingemcy
FTE-year in FY k$ in FY22 k$ k$ k$ k$

Labor FTE Technical 0.7 3.4 4.5 3.2 3.8 1.8 0.3 0.0 17.6
Engineering 5.0 5.0 5.9 5.4 5.6 2.0 0.5 0.0 29.4
Program Management 1.2 1.2 1.2 1.2 1.2 1.2 0.5 0.0 7.7
Uncosted 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 63.6
Total 14.8 17.5 19.5 17.7 18.5 13.0 9.3 8.0 118.2

Labor Cost Technical 50 283 112 176 122 50 8 0 802 778 24 200 1,002
Engineering 914 844 925 838 1,179 597 109 0 5,407 5,244 162 1,153 6,560
Program Management 483 494 514 535 554 573 259 20 3,431 3,328 103 515 3,946
Total 1,447 1,621 1,552 1,549 1,856 1,220 376 20 9,640 9,350 289 1,868 11,508

Non-Labor Procurement 2566 1695 4446 7088 1775 80 607 0 18257 17874 383 4740 22997
Travel 23 36 43 17 13 7 20 0 158 155 3 40 198

US total 4,035 3,352 6,041 8,654 3,643 1,306 1,003 20 28,055 27,379 676 6,648 34,703 30,408

Table 5: Project cost by L2 WBS task, also separated into the contributions from USA, Italy, and France. The Italy and France
contributions do not include labor costs, and are not escalated.

US costs

Copy of Cost Table 3, Cost
Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation Contingency Total

in FY $$ in FY22 $$
Labor Engineer 294,152 406,273 449,934 346,514 444,427 356,175 24,353 2,321,828 2,252,173 69,655 381,700 2,703,527

Faculty 9,904 10,201 10,507 10,822 11,147 11,482 64,063 62,141 1,922 9,609 73,673
Post Doc 267,004 264,676 215,040 349,094 334,419 103,474 37,405 1,571,112 1,523,979 47,133 402,758 1,973,870
Program Management 482,930 484,201 503,910 524,405 542,762 561,759 247,150 20,091 3,367,209 3,266,193 101,016 505,081 3,872,290
Scientist 352,557 172,943 260,524 142,271 400,643 137,507 47,284 1,513,729 1,468,317 45,412 368,676 1,882,405
Student 865 56,751 93,248 69,449 84,757 49,827 8,266 363,162 352,267 10,895 90,791 453,953
Technician 49,064 226,150 18,799 106,855 37,672 438,540 425,384 13,156 109,635 548,175

Non-Labor Procurement ###### ###### ###### ###### ###### 79,539 607,212 ######## 17,873,863 383,403 4,740,017 22,997,283
Travel 22,521 35,870 43,442 17,259 12,812 6,541 20,034 158,478 155,150 3,328 39,619 198,097

Copy of [Cost Table 3], FTE
Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation Contingency Total

Engineer 0.69 1.39 1.51 1.05 1.11 0.77 0.02 6.54
Faculty 0 0 0 0 0 0 0
Post Doc 2.87 2.85 3.34 3.73 2.74 0.68 0.25 16.51
Program Management 1.17 1.22 1.18 1.2 1.2 1.2 0.48 0 7.65
Scientist 1.48 0.77 1.03 0.6 1.72 0.57 0.27 6.44
Student 0.4 1.83 4.32 2.44 3.53 1.82 0.29 14.73
Technician 0.25 1.52 0.14 0.75 0.26 2.92
Uncosted 0.02 0.97 1.61 0.82 0.62 0.51 1.47 0.24 6.26

Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Total Base cost Base cost Escalation Contingency Total Minus scope contingemcy
FTE-year in FY k$ in FY22 k$ k$ k$ k$

Labor FTE Technical 0.7 3.4 4.5 3.2 3.8 1.8 0.3 0.0 17.6
Engineering 5.0 5.0 5.9 5.4 5.6 2.0 0.5 0.0 29.4
Program Management 1.2 1.2 1.2 1.2 1.2 1.2 0.5 0.0 7.7
Uncosted 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 63.6
Total 14.8 17.5 19.5 17.7 18.5 13.0 9.3 8.0 118.2

Labor Cost Technical 50 283 112 176 122 50 8 0 802 778 24 200 1,002
Engineering 914 844 925 838 1,179 597 109 0 5,407 5,244 162 1,153 6,560
Program Management 483 494 514 535 554 573 259 20 3,431 3,328 103 515 3,946
Total 1,447 1,621 1,552 1,549 1,856 1,220 376 20 9,640 9,350 289 1,868 11,508

Non-Labor Procurement 2566 1695 4446 7088 1775 80 607 0 18257 17874 383 4740 22997
Travel 23 36 43 17 13 7 20 0 158 155 3 40 198

US total 4,035 3,352 6,041 8,654 3,643 1,306 1,003 20 28,055 27,379 676 6,648 34,703 30,408

Cost by L3 from [Cost Table 4]

Cost FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation  Contingency Total
in FY k$ in FY22 k$

US 1.01 Project Management 604 594 626 651 674 698 244 4,091 3,968 123 614 4,704
1.02 Detector Components 2,475 1,882 3,635 6,284 1,278 21 15,575 15,229 346 4,070 19,644
1.03 Detector Structure 245 201 8 455 441 14 0 455
1.04 Host Lab Infrastructure & Cryogenic Systems 397 17 0 18 215 647 631 16 162 809
1.05 Data Readout Hardware & Software 418 1,314 1,439 626 84 673 20 4,573 4,468 105 1,131 5,704
1.06 Background Control 559 442 466 262 605 323 57 0 2,715 2,643 72 672 3,387

US Total 4,035 3,352 6,041 8,654 3,643 1,306 1,003 20 28,055 27,379 676 6,648 34,703
FRANCE 1.06 Background Control 442 442 442 442
FR Total 442 442 442 442

1.02 Detector Components 3,602 6,877 3,880 158 14,517 14,517 3,861 18,378
ITALY 1.03 Detector Structure 389 2,061 1,015 262 210 147 58 26 4,169 4,169 982 5,151

1.04 Host Lab Infrastructure & Cryogenic Systems 1,150 227 76 61 271 32 121 1,938 1,938 484 2,422
1.05 Data Readout Hardware & Software 416 1,133 121 121 1,791 1,791 448 2,239
1.06 Background Control 366 366 366 91 457

IT Total 366 5,558 9,166 4,970 1,614 602 300 179 26 22,781 22,781 5,867 28,647
Total 808 9,593 12,518 11,011 10,268 4,246 1,606 1,182 46 51,278 50,602 676 12,515 63,792

61

Table 4: US-CUPID cost profile by fiscal year, and the total project cost, separated into labor, procurement, escalation, and
contingency.

US costs

Copy of Cost Table 3, Cost
Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation Contingency Total

in FY $$ in FY22 $$
Labor Engineer 294,152 406,273 449,934 346,514 444,427 356,175 24,353 2,321,828 2,252,173 69,655 381,700 2,703,527

Faculty 9,904 10,201 10,507 10,822 11,147 11,482 64,063 62,141 1,922 9,609 73,673
Post Doc 267,004 264,676 215,040 349,094 334,419 103,474 37,405 1,571,112 1,523,979 47,133 402,758 1,973,870
Program Management 482,930 484,201 503,910 524,405 542,762 561,759 247,150 20,091 3,367,209 3,266,193 101,016 505,081 3,872,290
Scientist 352,557 172,943 260,524 142,271 400,643 137,507 47,284 1,513,729 1,468,317 45,412 368,676 1,882,405
Student 865 56,751 93,248 69,449 84,757 49,827 8,266 363,162 352,267 10,895 90,791 453,953
Technician 49,064 226,150 18,799 106,855 37,672 438,540 425,384 13,156 109,635 548,175

Non-Labor Procurement ###### ###### ###### ###### ###### 79,539 607,212 ######## 17,873,863 383,403 4,740,017 22,997,283
Travel 22,521 35,870 43,442 17,259 12,812 6,541 20,034 158,478 155,150 3,328 39,619 198,097

Copy of [Cost Table 3], FTE
Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation Contingency Total

Engineer 0.69 1.39 1.51 1.05 1.11 0.77 0.02 6.54
Faculty 0 0 0 0 0 0 0
Post Doc 2.87 2.85 3.34 3.73 2.74 0.68 0.25 16.51
Program Management 1.17 1.22 1.18 1.2 1.2 1.2 0.48 0 7.65
Scientist 1.48 0.77 1.03 0.6 1.72 0.57 0.27 6.44
Student 0.4 1.83 4.32 2.44 3.53 1.82 0.29 14.73
Technician 0.25 1.52 0.14 0.75 0.26 2.92
Uncosted 0.02 0.97 1.61 0.82 0.62 0.51 1.47 0.24 6.26

Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Total Base cost Base cost Escalation Contingency Total Minus scope contingemcy
FTE-year in FY k$ in FY22 k$ k$ k$ k$

Labor FTE Technical 0.7 3.4 4.5 3.2 3.8 1.8 0.3 0.0 17.6
Engineering 5.0 5.0 5.9 5.4 5.6 2.0 0.5 0.0 29.4
Program Management 1.2 1.2 1.2 1.2 1.2 1.2 0.5 0.0 7.7
Uncosted 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 63.6
Total 14.8 17.5 19.5 17.7 18.5 13.0 9.3 8.0 118.2

Labor Cost Technical 50 283 112 176 122 50 8 0 802 778 24 200 1,002
Engineering 914 844 925 838 1,179 597 109 0 5,407 5,244 162 1,153 6,560
Program Management 483 494 514 535 554 573 259 20 3,431 3,328 103 515 3,946
Total 1,447 1,621 1,552 1,549 1,856 1,220 376 20 9,640 9,350 289 1,868 11,508

Non-Labor Procurement 2566 1695 4446 7088 1775 80 607 0 18257 17874 383 4740 22997
Travel 23 36 43 17 13 7 20 0 158 155 3 40 198

US total 4,035 3,352 6,041 8,654 3,643 1,306 1,003 20 28,055 27,379 676 6,648 34,703 30,408

Table 5: Project cost by L2 WBS task, also separated into the contributions from USA, Italy, and France. The Italy and France
contributions do not include labor costs, and are not escalated.

US costs

Copy of Cost Table 3, Cost
Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation Contingency Total

in FY $$ in FY22 $$
Labor Engineer 294,152 406,273 449,934 346,514 444,427 356,175 24,353 2,321,828 2,252,173 69,655 381,700 2,703,527

Faculty 9,904 10,201 10,507 10,822 11,147 11,482 64,063 62,141 1,922 9,609 73,673
Post Doc 267,004 264,676 215,040 349,094 334,419 103,474 37,405 1,571,112 1,523,979 47,133 402,758 1,973,870
Program Management 482,930 484,201 503,910 524,405 542,762 561,759 247,150 20,091 3,367,209 3,266,193 101,016 505,081 3,872,290
Scientist 352,557 172,943 260,524 142,271 400,643 137,507 47,284 1,513,729 1,468,317 45,412 368,676 1,882,405
Student 865 56,751 93,248 69,449 84,757 49,827 8,266 363,162 352,267 10,895 90,791 453,953
Technician 49,064 226,150 18,799 106,855 37,672 438,540 425,384 13,156 109,635 548,175

Non-Labor Procurement ###### ###### ###### ###### ###### 79,539 607,212 ######## 17,873,863 383,403 4,740,017 22,997,283
Travel 22,521 35,870 43,442 17,259 12,812 6,541 20,034 158,478 155,150 3,328 39,619 198,097

Copy of [Cost Table 3], FTE
Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation Contingency Total

Engineer 0.69 1.39 1.51 1.05 1.11 0.77 0.02 6.54
Faculty 0 0 0 0 0 0 0
Post Doc 2.87 2.85 3.34 3.73 2.74 0.68 0.25 16.51
Program Management 1.17 1.22 1.18 1.2 1.2 1.2 0.48 0 7.65
Scientist 1.48 0.77 1.03 0.6 1.72 0.57 0.27 6.44
Student 0.4 1.83 4.32 2.44 3.53 1.82 0.29 14.73
Technician 0.25 1.52 0.14 0.75 0.26 2.92
Uncosted 0.02 0.97 1.61 0.82 0.62 0.51 1.47 0.24 6.26

Resource Type Resource group FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Total Base cost Base cost Escalation Contingency Total Minus scope contingemcy
FTE-year in FY k$ in FY22 k$ k$ k$ k$

Labor FTE Technical 0.7 3.4 4.5 3.2 3.8 1.8 0.3 0.0 17.6
Engineering 5.0 5.0 5.9 5.4 5.6 2.0 0.5 0.0 29.4
Program Management 1.2 1.2 1.2 1.2 1.2 1.2 0.5 0.0 7.7
Uncosted 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 63.6
Total 14.8 17.5 19.5 17.7 18.5 13.0 9.3 8.0 118.2

Labor Cost Technical 50 283 112 176 122 50 8 0 802 778 24 200 1,002
Engineering 914 844 925 838 1,179 597 109 0 5,407 5,244 162 1,153 6,560
Program Management 483 494 514 535 554 573 259 20 3,431 3,328 103 515 3,946
Total 1,447 1,621 1,552 1,549 1,856 1,220 376 20 9,640 9,350 289 1,868 11,508

Non-Labor Procurement 2566 1695 4446 7088 1775 80 607 0 18257 17874 383 4740 22997
Travel 23 36 43 17 13 7 20 0 158 155 3 40 198

US total 4,035 3,352 6,041 8,654 3,643 1,306 1,003 20 28,055 27,379 676 6,648 34,703 30,408

Cost by L3 from [Cost Table 4]

Cost FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 Base cost Base cost Escalation  Contingency Total
in FY k$ in FY22 k$

US 1.01 Project Management 604 594 626 651 674 698 244 4,091 3,968 123 614 4,704
1.02 Detector Components 2,475 1,882 3,635 6,284 1,278 21 15,575 15,229 346 4,070 19,644
1.03 Detector Structure 245 201 8 455 441 14 0 455
1.04 Host Lab Infrastructure & Cryogenic Systems 397 17 0 18 215 647 631 16 162 809
1.05 Data Readout Hardware & Software 418 1,314 1,439 626 84 673 20 4,573 4,468 105 1,131 5,704
1.06 Background Control 559 442 466 262 605 323 57 0 2,715 2,643 72 672 3,387

US Total 4,035 3,352 6,041 8,654 3,643 1,306 1,003 20 28,055 27,379 676 6,648 34,703
FRANCE 1.06 Background Control 442 442 442 442
FR Total 442 442 442 442

1.02 Detector Components 3,602 6,877 3,880 158 14,517 14,517 3,861 18,378
ITALY 1.03 Detector Structure 389 2,061 1,015 262 210 147 58 26 4,169 4,169 982 5,151

1.04 Host Lab Infrastructure & Cryogenic Systems 1,150 227 76 61 271 32 121 1,938 1,938 484 2,422
1.05 Data Readout Hardware & Software 416 1,133 121 121 1,791 1,791 448 2,239
1.06 Background Control 366 366 366 91 457

IT Total 366 5,558 9,166 4,970 1,614 602 300 179 26 22,781 22,781 5,867 28,647
Total 808 9,593 12,518 11,011 10,268 4,246 1,606 1,182 46 51,278 50,602 676 12,515 63,792
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US Project Cost

Total Project Cost

US total $34.7M ($31.2-$39.9, includes scope contingency)
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Timeline & Approval Steps - Proposed
Integrated planning between Italy and US

  
    Sept ‘21

  
    Oct ‘21

  
    Dec ‘21

  
    June-Dec ‘22

  

Astroparticle Committee: 
CY2022 funds 

Astroparticle Committee 
& INFN EB

Isotope and crystal 
contract signed,
production started

Construction

INFN

North America-Europe 
DBD Workshop 

  
    July ‘21

    

    Dec ‘21
  

    June-Dec ‘22
  

FY23, Q2
  

NLDBD Portfolio 
Review

North America-Europe 
DBD Workshop 

CD-1/3A Isotope and crystal 
contract negotiations

CD2/3B, 
start of construction

Major 
procurements

    Oct ‘21

DOE (technically-driven)
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• CUPID will explore inverted ordering (T1/2 > 1027 years at 3σ, mββ ~ 12-20 meV )
• Builds on an existing and well-functioning international collaboration and long 

partnership between Italy and US
• Collaboration has operational experience at LNGS for ton-scale, bolometric 

experiment and utilizes existing infrastructure (CUORE cryostat, experimental site).
• CUPID is timely, highly leveraged, and cost-effective; an exceptional opportunity. 
• Crystallization and enrichment at large scale are possible
• Limited technology verification remaining for CUPID baseline.
• Data-driven background model reaches baseline goal of b~10-4

 counts/(keV kg y).

Summary

CUPID is ready to proceed
Complements international suite of ton-scale experiments in a world-wide program


