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The case for CUPID (CUORE Upgrade with Particle ID)

• CUPID is an upgrade to the 
successful CUORE experiment.

• Discovery sensitivity ( ):

•  yrs

•  meV

• CUPID can probe the IH region. 

• New technology to decrease 
backgrounds and increase 
sensitivity.

3σ

T0ν
1/2 > 1.0 × 1027

mββ = (13 − 21)

2

CUPID preliminary
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The CUPID Collaboration

3

Experience from 3 collaborations: 
• CUORE 
• CUPID-0 
• CUPID-Mo
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CUPID builds on CUORE’s success

4
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First tonne-scale 
experiment using 

the bolometric 
technique. 

Nature 604 ,53 (2022)

https://doi.org/10.1038/s41586-022-04497-4


Jorge Torres, 2024 Lake Louise Winter Institute

0

100

200

300

400

500

600

700

13
0 T

e
E

xp
os

ur
e

[k
g·

yr
]

Jan 2018 Jan 2019 Jan 2020 Jan 2021 Jan 2022 Jan 2023 Jan 2024
0

500

1000

1500

2000

2500

T
eO

2
E

xp
os

ur
e

[k
g·

yr
]

20
23

kg
·y

r

10
38

.4
kg

·y
r

Accumulated (Feb 2024)

Nature 604, 53-58 (2022)

CUPID builds on CUORE’s success
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First tonne-scale 
experiment using 

the bolometric 
technique. 

Has 
accumulated 

more than 2 ton-
year of data. 
Stable data-

taking.

Nature 604 ,53 (2022)

https://doi.org/10.1038/s41586-022-04497-4
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First tonne-scale 
experiment using 

the bolometric 
technique. 

Has 
accumulated 

more than 2 ton-
year of data. 
Stable data-

taking.
Background 
model from 

CUORE.
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 continuum + peaksγ Degraded alphas Alpha region

Dominated by 2νββ
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Mo-100 Q-value: 
•Lower induced -bkg 
•More favorable phase 

space 
•Better constrained 

nuclear matrix elements

γ
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Mitigating alpha backgrounds

• Exploit the scintillating nature of crystals.

• Exploration of dual readout for heat and 
light signals:

• Bolometer coupled to light detector (Ge wafer 
linked to thermometer)

• Different light-yield for alphas and betas

• Discrimination based on bivariate cut on 
light and heat signals.

• Build demonstrators to validate new 
technology.
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•  crystals, 95% enrichment  
(2.34 kg) at LMS (France)

• -rejection efficiency > 99.9%

• Background index:  ckky*

•  keV @  (3034 keV) 👑👑👑

• Physics results

• Bkg studies

Li100
2 MoO4

100Mo

α

2.7 × 10−3

ΔE = 7.4 Qββ

Successful 10 kg-scale demonstrators

•  crystals, 95% enrichment  
(5.17 kg) at LNGS (Italy)

• -rejection efficiency > 99.9%

• Background index:  ckky*

•  keV @  (2998 keV)

• Physics results

• Bkg studies

Zn82Se 82Se

α

3.5 × 10−3

ΔE = 21.8 Qββ
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•  crystals, 95% enrichment  
(2.34 kg) at LMS (France)

• -rejection efficiency > 99.9%

• Background index:  ckky*

•  keV @  (3034 keV) 👑👑👑

• Physics results

• Bkg studies

Li100
2 MoO4

100Mo

α

2.7 × 10−3

ΔE = 7.4 Qββ

Successful 10 kg-scale demonstrators

•  crystals, 95% enrichment  
(5.17 kg) at LNGS (Italy)

• -rejection efficiency > 99.9%

• Background index:  ckky*

•  keV @  (2998 keV)

• Physics results

• Bkg studies

Zn82Se 82Se

α

3.5 × 10−3

ΔE = 21.8 Qββ

7

CUPID-0 CUPID-Mo

PRL 129, 111801 (2022) Eur. Phys. J. C (2022) 82, 1033

* Cts/keV kg yr
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The CUPID baseline: what we can build now.

• Use CUORE’s infrastructure

• 1596  crystals (45x45x45 )

• 240 kg of  (enrichment > 95%)

• 1710 Ge wafer light detectors

• rejection efficiency demonstrated to be 
> 99.9%

• Energy resolution: FWHM < 5 keV at 

• LD baseline resolution < 100 eV RMS

• Light yield: 0.3 keV/MeV

Li100
2 MoO4 mm3

100Mo

α−

Qββ

8
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Production of enriched LMO crystals is feasible

• Ongoing pre-production in China (SICCAS)

• Enriched  powder to be produced in 
China.

• Tests at Gran Sasso to validate performance/
radio purity and assess contamination.

• Strategies to improve crystal surface cleaning, 
and thus reach CUPID’s bkg goal, being  
developed.

• Full production at large scale for CUPID is 
viable and currently under negotiation.

MoO3

9

LMO crystals by SICCAS
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Light collection optimization and detector validation

• Performed studies with Ge wafer with 
anti-reflective SiO coating and NTD 
readout for CUPID baseline.

• Performed in a pulsetube cryostat at 
IJCLab.

• Baseline energy resolution 70-90 eV RMS.

• Also studies on reflecting foil and light 
detector position optimization.

• Results show that CUPID baseline 
meets necessary -rejection 
capabilities, but saturates pile-up bkg 
constraint.

α

10

JINST 18 P06033

Eur. Phys. J. C (2022) 82:810

Eur. Phys. J. C (2022) 81:104

•  source 
calibration.

•  
FWHM @ 356 
keV.

133Ba

ΔE = 0.71 keV
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Improved light-detectors 

• Relatively fast  decay of : 

• Slow pulses from heat readout cause random 
bkg coincidences in ROI.

• Goal: , rely on light detectors

• Ways to address this issue:

• Increase SNR: NTDs with Neganov-Trofimov-Luke 
(NTL) effect. (Baseline)

• Shorten rise-time: Transition edge sensors (TES)

• New technologies demonstrate to 
reach needed B.I. level goals.

2νββ 100Mo
T2ν

1/2 = 7.1 × 1018 yr

0.5 × 10−4 ckky
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Validated CUPID’s projected background index

• ROI Background Index (B.I.) goal:  
cts/(keV kg yr) [vs. CUORE’s  ckky]

• Upper limits and measurements from 
predecessor experiments.

• Well-defined mitigation strategies:

• Muon veto.

• Material selection, cleaning, shielding.

• Delayed coincidence cuts (U/Th chains).

• Lower noise, higher bandwidth electronics.

• Improved light-detector timing resolution/SNR

∼ 10−4

10−2

12

<latexit sha1_base64="0pvTMZ6CPL/OIbGv8WxFqfwP6+w=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdKeqxWA96q+C2hXYp2TRtQ7PZJZkVy1Lwr3jxoIhXf4c3/41pu4K2Phh4vDeTzLwgFlyD43xZuaXlldW1/HphY3Nre8fe3avrKFGUeTQSkWoGRDPBJfOAg2DNWDESBoI1gmF14jfumdI8kncwipkfkr7kPU4JGKljH7SBPUBa9Wo3V/jnoXHHLjolZwq8SNyMFFGGWsf+bHcjmoRMAhVE65brxOCnRAGngo0L7USzmNAh6bOWoZKETPvpdP0xPjZKF/ciZUoCnqq/J1ISaj0KA9MZEhjoeW8i/ue1Euhd+CmXcQJM0tlHvURgiPAkC9zlilEQI0MIVdzsiumAKELBJFYwIbjzJy+S+mnJPSuVb8vFymUWRx4doiN0glx0jiroGtWQhyhK0RN6Qa/Wo/VsvVnvs9aclc3soz+wPr4B566Vdw==</latexit>

CUPID baseline

10°6 10°5 10°4

Background Index [cts/(keV kg yr)]
Pi

leu
p
2∫

ØØCry
sta

ls
U+Th

Clos
e co

m
po

ne
nt
s

Cry
os
ta
t &

Sh
iel

ds

M
uo

ns

To
ta
l

From CUPID-Mo

From CUORE/CUORE-0

From CUORE

C
U

P
ID

B
as

el
in

e

CUPID preliminary



Jorge Torres, 2024 Lake Louise Winter Institute

CUPID

CUPID-Reach

CUPID-1T

101

102

3æ
di

sc
ov

er
y

se
ns

it
iv

it
y

on
m

Ø
Ø

[m
eV

]

Inverted Hierarchy Range

CUPID and beyond

13

CUPID preliminary



Jorge Torres, 2024 Lake Louise Winter Institute

CUPID

CUPID-Reach

CUPID-1T

101

102

3æ
di

sc
ov

er
y

se
ns

it
iv

it
y

on
m

Ø
Ø

[m
eV

]

Inverted Hierarchy Range

CUPID and beyond

13

CUPID = 
baseline, what 
we know we 
can build now

CUPID preliminary



Jorge Torres, 2024 Lake Louise Winter Institute

CUPID

CUPID-Reach

CUPID-1T

101

102

3æ
di

sc
ov

er
y

se
ns

it
iv

it
y

on
m

Ø
Ø

[m
eV

]

Inverted Hierarchy Range

CUPID and beyond

13

CUPID = 
baseline, what 
we know we 
can build now
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CUPID = 
baseline, what 
we know we 
can build now

CUPID-Reach = B.I. 
reduced to 

 cts/
(keV kg yr)

∼ 2 × 10−5

CUPID 1-Ton: 1000 
kg of .

B.I.

100Mo

∼ 5 × 10−6 ckky

CUPID preliminary
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Summary
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• CUPID will be an 
upgrade to the 

successful CUORE 
experiment. 
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• CUPID will be an 
upgrade to the 

successful CUORE 
experiment. 

• CUPID will build upon 
previous experiments 

knowledge/
infrastructure.

•   Adding particle ID + 
other techniques to 

reduce B.I.
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• Experiment moving forward.
• Planning to take data by end 

of decade.
• CUPID will be among the 

world-wide suite of  
decay experiments with 

discovery potential.

0νββ
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76Ge: GERDA (2020)
100Mo: CUPID-Mo (2021)
130Te: CUORE (2022)
136Xe: KamLAND-Zen (2022)



Thanks!

More questions?/Want to hear more?
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Backup slides
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Tower optimization/validation

• Goals:

• Validate assembly procedure, thermalization, and 
mechanical structure

• Study of glue type effects on NTD thermistor

• Validate performance of LMOs and light-detectors

• Tests on vibrations

• 14 floors, 28 crystals, 30 LDs, 2 runs so far.

• Future tests in 2024:

• Tests with NTL LDs

• Reduction of copper

17
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Neutrinoless double beta ( ) decay0νββ

• Observation of  decay implies that 
neutrinos are Majorana.

• Decay rate proportional to effective 
Majorana mass

•  signal is a peak at Q-value.

• Sensitivity limited by backgrounds (inverse 
square root).

• Experiments currently taking data, next 
generation being planned

0νββ

0νββ
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Current limits

10°1 100 101 102

mlightest (meV)

10°1

100

101

102

103

m
Ø
Ø

(m
eV

)

CUPID sensitivity (100Mo)

CUORE sensitivity (130Te)

Parameters from NuFIT 5.0
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76Ge: GERDA (2020)
82Se: CUPID-0 (2023)
100Mo: CUPID-Mo (2023)
130Te: CUORE (2022)
136Xe: KamLAND-Zen (2022)
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CUPID science program
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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
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Neutrinos as backgrounds
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