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Searching formy
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CUORE experiment

CUORE

Bolometric technique

Heat Sink —»- —-a— Copper Holder

Weak Thermal
Coupling

Absorber
Crystal =—————p
(TeO,) .

‘| NTD Ge Sensor
) (Thermometer)

Incident
Radiation

_ Temperature change:
Y'Y YOr# (~0.1mK/MeV)
# 4 6 4

Operating temperature16 mK

Detector properties:

U Good energy resolution5-10
keV at Qvalue @ MeV)

U Source = detector: high efficiency

Bl =(1.42+£0.02 - 107
counts/keV/kg/year €kky)

A

Not background freedominated
by contributions of surface »

located at LNGS 3600m.w.e.

988TeO, crystals (9towers)

742kg of TeQ (naturalTe, I.A. ~34% ), 206kg of 4 A
operation at 0 mK

[ en-REEN et en N e N et

analysed exposure:
~2.04ton-yrTeQ, (~0.6ton-yr 4 R

Recent results

No evidence ofwy [decay

Half life limit: A 5 8 ¢ 0 "I B8
I < (70i 240 meV (depending on NME)

arXiv:2404.04453nuclex]

Scintillating bolometer technigue in CUPID to
reject U contriju



https://arxiv.org/abs/2404.04453

Scintillating bolometer technigue
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Energy U locatedin the Laboratoire Souterrain de Modane (Frarcé300m.w.e.
Absorber Release U 20scintillating bolometers arrangedSrtowers
0v2B (single module; E - 1/ (~=97% - 1) and Ge light detector)
region U total mass of crystals is4:2kg corresponding to 2.3kg of - |
g 2615 keV | / o U ~1.5years of data taking
5 Bly EVENTS
v |EVENTS ~ T _
T \ decay 7 8 ¢ 0 (90% C. 1) Energy resolution (FWHM)
< limits [ <(0.28/0.49 eV 6.6(1) keV @ 2615 keV
7.4(4) keV @ Q, (3034 keV)
\ HEAT SIGNAL / TotalBl: 8 SCI"IHEC1 6)1 7 "Hi I TRTHA R
4 A0 - | (ROl is above the endpoint  More than 99.9% Uparticles rejection efficiency

of naturalo radioactivity)


https://link.springer.com/article/10.1140/epjc/s10052-022-10942-5
https://link.springer.com/article/10.1140/epjc/s10052-023-11830-2

CUPID baseline structure

EPJC32 (2022 810

1A “00‘[1\\
1596enriched eaC“w:a\s
H EI1"E crystals 9 or¥®

(>95% enrichment)

“Hght detector
Thin Ge wafer (& mm thickness)
Thermal sensor: NTD Ge thermistor
SiO antireflective coating

(enhances light collection by30 %)

U Exploiting NeganovTrofimov-Luke
effect for signal amplification

1710light detectors H 'EI1°E crystal

U 45x45x45mnm?

U Thermal sensor:
NTD Ge thermistor

cC: oo M-

240kg of E1

EPJC85 (2025 935

EPJC85 (2025 737

CUORE cryostat and shielding
N .
additional muofveto system Single CUPID tower can be INEN + CNRS/CEA + DOE

& neutron shields tested in LNGS — \,\

- GDPT tesin thepast |IJCLab CEA/IRFU LP2i IP2I SIMaP
- VSTT test now 8


https://link.springer.com/article/10.1140/epjc/s10052-022-10720-3
https://link.springer.com/article/10.1140/epjc/s10052-025-14352-1
https://link.springer.com/article/10.1140/epjc/s10052-025-14613-z

CUPID background

Background model based on

U reconstruction of the background in 6

cryostat from CUORE analysis
Phys. Rev. 110, 052003(2024

i results from CUPIEMo onUparticles
rejection and radiopurity dfi2MoOs

crystals
EPJC82(2022 1033
EPJC 83(2023 675

U simulations of and n shields
JINST 20 (2025 P08020

U simulationsof pile-up rejection efficiency
EPJC 83(2023 373
arXiv:2507.15732

CUORE

Cryostat and Shields

CUPID background projections
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Main contributions to the background: pile-ups and close components


https://doi.org/10.1103/PhysRevD.110.052003
https://doi.org/10.1140/epjc/s10052-022-10942-5
https://doi.org/10.1140/epjc/s10052-023-11830-2
https://iopscience.iop.org/article/10.1088/1748-0221/20/08/P08020
http://link.springer.com/article/10.1140/epjc/s10052-023-11519-6
https://arxiv.org/abs/2507.15732
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NeganovTrofimov -Luke light detectors
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phonons
Ge wafer

‘ Scintillation light
SiO coating v
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144 T

NTL technology developed in France

Ongoing tests:

A

To To o

tests of different electrodes geometrie
tests of Si wafers
studies on pilaups rejection efficiency

gluing procedure of thermal sensors tc
the wafer 10


https://arxiv.org/abs/2507.15732
https://www.sciencedirect.com/science/article/abs/pii/S0168900219308897

CUPID timeline

Early data taking
(~80 kg %Mo)

2025 2026 | 2027 2028 2029 IﬂSO 2051 2032 2033 2(%4 2035

) LiMo0Q4 Production
) Construction stage | Data stage |
Construction stage |I data.full
T = experiment

Full detector data taking

Cryostat Upgrade (~240 kg 1°°Mo)

~450 kg of Liz2M0O4

~1/3 of crystals (150 kg of Li2M0QO4)
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CUPID sensitivity

mgg exclusion limit/sensitivity [meV]
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arXiv:2504.14369

9-10°1 1-10° 3-10°
—— Concluded/Data Taking
----- Proposed
=--=:- NextToNext
| 10 band .
. CUPID Stage | .
C . T
® ’'%Ge CUPID ]
4 1307e 1
136y @ CUPID 1 ton
16 B

Isotopic exposure [mol-yr]

30 discovery sensitivity:fj 4 ¢ o H
corresponding to ( 8 8 )1 "Hn

Exclusion sensitivity (at90% C.L.):
N+ 8 ¢ oM
corresponding to 8 8 1 "Hn

CUPID Stage | has worldleading scientific
reach

CUPID is a ton scale experiment with

competitive sensitivity and possibility of
scaling (CUPID-1T)
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https://arxiv.org/abs/2504.14369

CROSS experiment

Location:
Laboratorio Subterraneo de Canfranc
(LSC), Spain(2450m. w. e.)

Detectors structure
3 towers, each witi4 crystals ¥ floors)

le24

. .
.........

SenS|t|V|ty prOJectlons

Duty cycie 920%
Muon veto dead time:

-

________________________________________________

™ st

i 6 4 A crystals ofg
(enrichment level 90%) 8 6

i 36, E | / (32enriched) z
(i 42NTL LDs 4
U 28 Germanium % ,

U 16 Silicon S
Mass of 'ET:4.9kg °

Main objectives
A competitive experiment on the - Tt T

T>

high statistics test of NTL LDs (Si and Ge)
relevant for CUPID

studies on pileups rejection efficiency
development of the electronics and DAQ

T o T

probe of the assembly structure

Elapsed llme [¥r]

Current status

A detectors are installed and at the ba
temperature

A optimization of the working point of

the detectors started

Leadership inJCLab .
1

Se



Others R&D projects

BINGO (Bi-IsotopeOn2b Next GeneratiorObservatory N @

NIMA 1069(2024 169936

crystal

BINGO approach

light detector

: — o 10
decayin Eitand n°'H

BINGO aims to reduce Bl to ckky using:

BI [ckky]

U innovative assembly structure reducing

Baseline CUPID ——

contribution from the close componentSumice wie

thermistor g

[}
Q
o
[ * FIHJ T T [le|T| TT ml[ T T 11T

U active cryogenic veto to suppress 108

background from high energys

U NTL light detectors for signal amplification BINGO approach

Cryogenic facility is ready in Modane, MINBINGO
demonstrator to be installed 2026

Baseline CUPID —

TINY (T wo I sotopes foNeutrinoless
double beta dega

decayin H'and "E'H

A Searching forsy rdecay in: © and. A '/ Acrystals

Leadership IrCEA
A Advantage of highe®, ,; larger phasspace, lower background
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https://www.sciencedirect.com/science/article/abs/pii/S0168900224008623

Conclusions

U CUPID is an evolution of CUORE exploiting important innovation achieved in France:
i Choice of, E T / crystals for the isotope - |
U development of the NTL technology

0 CUPID will be implemented in a staged approach:
U CUPID-Stagel has the potential to lead the field at the beginning of the next decade
U Full CUPID will be a leading experiment with significant discovery potential

U On a longer time scale massaling is possible (CUPHDT)
U BINGO approach: new avenues for the background reduction
U TINY approach: explore the most favorable isotopes

15
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GDPT %15'0 *  Noise g
. . 512 5 { EE — = Median @ 2615 keV §
(Gravity Design Prototype Tower) 5. ii 2615 keV :
A 28LMOs 2 rol eBet e
A 30Ge light detectors without NTL effect < soi® * = * . = % 7F
. T 251 : T L e
A Tested at LNGS, ltaly in Julpctober 2022 = ™ ." . .. et
0-9% 5 10 15 20 25 ¥ R A Ry
Channel number T eat o)
Results: EPJC85 (2025 935

U Detectors successfully reached baseline
temperature ¥t mK

U Baseline stable over the time

i LMO performance: » close to CUPID target:
median FWHMg; 50, = 6.2keV SkevV @1

U 0.36keV/MeV light yield (LY) measured by
ficlosed LD fulfills the CUPID target0.35keV/MeV

U 0.31keV/MeV LY measured byifaro LD

U some excess noise on the EBchanges to
the LD assembly structure for the next test
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https://link.springer.com/article/10.1140/epjc/s10052-025-14613-z

Crystallization in China & crystals result

IPCE + SICCAS: production and experimental tests \

A Preproductioni French + Italian contracts
A Sevenenriched crystalproduced so far Bridgman method)

LMO-G8382

LMO-G8383 LMO-G8384
45x45x19 mm3 45x45x38 mm3

LMO-600
45x45%x21 mm3 45x45x45 mm3

) Nominal CUPID size
A Four crystals have bedestedin [JCLab, LNGS and CEA/IRFU

A Three additional CUPIBsize

. ;€ =
crystals will be tested at LNGS |

\ soon | ' '
Nominal CUPID size

|
\
\

4 A Resultsobtained with the tested crystals show that:
A Sensitivity complies with CUPID goal energy resolution
ALY is similar or even higher than for Russian crystal@4i 0.45 keV/MeV

depending on geometrical configuration)
A a | discrimination power is well within CUPID goals
\ A Pulse shape is compatible with that obtained with Russian crystals
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NTL gain

) =
= . : / + : _ :
S b na7e 0.358£0.004 Operation challenges
& F  |na’e -0375+0.004 | | |
| SR R T Y / U Extra noise production after
E : : ; : certain voltage threshol§ need
Z to search for the optimab
D
g (0 Limitation of the applied
ks voltage: after certain threshold of
2 w there is leakage current and
o we heat up the cryostat
c i
© .
S £ N S ~gan

i = relative SNR

D: i L L L L l L L L L l L L L L l
-100 =50 0 100

50
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https://www.sciencedirect.com/science/article/abs/pii/S0168900219308897

Light (arb. units)

NTL amplification
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*  EPJC 83 (2023) 373 LD-4
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00—
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o —.
—e—
*
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Bl from pile-ups contribution for different NTL LDs

arXiv:2507.15732
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https://arxiv.org/abs/2507.15732

CROSS detectors composition

Light detector
Crystal
Light detector
Crystal
Light detector
Crystal
Light detector
Crystal
Light detector
Crystal
Light detector
Crystal
Light detector
Crystal

Tower 1

Ge Spiral Ge Spiral
enr Te02 enr TeQ2
Si Spiral Si Spiral

dep LMO enr LMO
Ge Spiral Ge Spiral
enr LMO enr LMO
Ge Spiral Ge Spiral
enr LMO enr LMO
Si Spiral Si Spiral

enr LMO enr LMO
Si Spiral Si Spiral

dep LMO enr LMO
Ge Spiral Ge Spiral
enr LMO enr LMD

Tower 2

Ge Conc Ge Conc
enr Te(2 enr Te(2
Si Spiral Si Spiral
enr LMO enr LMO
Ge Conc Ge Conc
enr LMO enr LMO
Ge Conc Ge Conc
enr LMO SICCAS LMO
Si Spiral Si Spiral
enr LMO enr LMO
Si Spiral Si Spiral
enr LMO enr LMO
Ge Conc Ge Conc
enr LMO enr LMO

Tower 3

Ge Conc Ge Conc
enr Te02 enr TeO2
Ge Spiral Ge Spiral
enr LMO enr LMO
Ge Conc Ge Conc
enr LMO enr LMO
Ge Spiral Ge Spiral

SIMaP LMO enr LMO
Si Spiral Si Spiral
enr LMO enr LMO
Si Spiral Si Spiral
enr LMO enr LMO

Ge Conc Sq Ge Spiral
enr LMO enr LMO

5 types of crystals

32 Enriched LMOs
6 Enriched TeO,
2 Depleted LMO
1 LMO SICCAS Spiral
1 LMO SIMaP

4 types of light detectors Concentric
= 13 Ge spiral rings

= 16 Sispiral

= 12 Ge concentric rings

n

1 Ge concentric square

Concentric
squares
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CROSS

Cts / keV / kg / year

Amplitude light [uV]

Background estimations
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Other Components |-
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Scatter plot from the first test measurements

4000

Total

Muons

Cryostat

Lead shielding

Crystals

Pile-up

Frames

Other components

1 1 1 ; ; ; 1 ; 1 ; ; 1 1 1 i éi 1 1 1 1 i i ; ;
107° 107 107 1072

Background index (Cts / keV / kg / year)

Total BI: 8 8 ¢ counts/keV/kgl/year
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CROSS underground facility

Muon veto Scheme of the muon veto systel
arXiv:2510.27406
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https://arxiv.org/abs/2510.27406

BINGO: recent results

DP~5

NIMA 1069(2024 169936
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