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𝟎𝛎𝛃𝛃 decay 

𝐴, 𝑍 → 𝐴, 𝑍 + 2 + 2𝑒−

Observation would imply:

• Lepton number violation (∆L = 2)

• Majorana nature of neutrinos => provide information of the neutrino 
mass scale and ordering 

• Explanation of matter-antimatter asymmetry

signature

𝛿 × 𝜀 ×
𝑀×𝑡

𝑏×∆𝐸
→  with background

𝑇1/2 ∝

𝛿 - isotopic abundance;  𝑏 - background index in the ROI; 
∆𝐸 - energy resolution; 𝜀 - detection efficiency;  𝑀 × 𝑡 - exposure

Sensitivity of the experiment:

Requirements for the experiment:

• Low background 

• Good energy resolution 

• High detection efficiency 

𝛿 × 𝜀 ×𝑀 × 𝑡 →  background free (𝑏 × ∆𝐸 × 𝑀 × 𝑡 ≪ 1)
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Bolometric technique
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Cryogenic detectors properties:

➢ Good energy resolution ~ 5-10 keV at Q-value (3 MeV)
➢ Source = detector: high efficiency
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Cryogenic Rare-event Observatory with Surface Sensitivity

surface event
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Cryogenic Rare-event Observatory with Surface Sensitivity

surface event

bulk event

Results obtained with small (2 × 2 × 1 𝐜𝐦𝟑) 𝐋𝐢𝟐𝐌𝐨𝐎𝟒 crystals coated with Al-Pd grid:
➢ Discrimination power (DP) of surface 𝛼’s ≥ 4.5𝜎
➢ 𝛽 surface events selection efficiency ~ 93%
➢ Baseline resolution is not affected

surface βs

with 10 nm Pd coating

𝐷𝑃 =
𝜇𝛽/𝛾 − 𝜇𝛼

𝜎𝛽/𝛾
2 + 𝜎𝛼

2

Pulse-shape 
discrimination 
parameter
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Scintillating bolometers technique

Rejection of 𝛼′s due to their lower 
light yield compared to 𝛽/𝛾 ′s 

Technology proven in CUPID-0  
and CUPID-Mo demonstrators

Rejection efficiency > 99.9%
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Eur.Phys.J.C 76 (2016) 364

Eur.Phys.J.C 80 (2020) 44

https://link.springer.com/article/10.1140/epjc/s10052-016-4223-5#citeas
https://link.springer.com/article/10.1140/epjc/s10052-019-7578-6


Neganov-Trofimov-Luke (NTL) light detectors

V+

V-

Al electrodesSignal enhancement due to the 
extra heat produced by the drift 
of e-h pairs in the electric field 
(NTL effect)

Material

➢ Si wafers

➢ Ge wafers with SiO coating to enhance 
light collection

Electrodes geometry

circular square spiral

𝐆𝐚𝐢𝐧𝐍𝐓𝐋 ∝ 𝐕𝐛𝐢𝐚𝐬 = V+ − V−

Total heat:  𝐄𝐭𝐨𝐭 = 𝐄𝟎 ∙ 𝐆𝐚𝐢𝐧𝐍𝐓𝐋
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NIMA 940 (2019) 320 

https://doi.org/10.1016/j.nima.2019.06.044


CROSS demonstrator 

3 towers, 
each with 14 crystals (7 floors)
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Structure of the floor

Crystals (45 mm side)

NTL LDs (thickness < 1 mm)

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

Underground facility: 
• Pulse-tube based dilution refrigerator
• External and internal lead shielding
• Anti-radon system 
• Muon veto
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Recent results. Crystals performance

Energy resolution @ 2615 keV 𝟐𝟎𝟖𝐓𝐥 line 
is 𝟓. 𝟕 ± 𝟎. 𝟑 𝐤𝐞𝐕

Background spectrum measured by a 0.55 kg 130TeO2 bolometer 
(116 h at 27 mK)  

Confirmation of the radiopurity 
of the 𝟏𝟑𝟎𝐓𝐞𝐎𝟐 crystals 

(~1 mBq/kg activity of 𝟐𝟏𝟎𝐏𝐨) 

and

excellent energy resolution 

• 6 Li2MoO4 + 4 130TeO2
• 10 NTL LD

Energy spectrum of the reference Li2
100MoO4 crystal
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JINST 19 (2024) 09, P09013

https://iopscience.iop.org/article/10.1088/1748-0221/19/09/P09013


Recent results. LDs performance

• 6 Li2MoO4 + 4 130TeO2
• 10 NTL LD

Energy spectrum accumulated by NTL LD after 83 h 
of calibrations with a Th source at 17 mK

17.5 
keV

27.5 
keV
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Mean value of 

the risetime: 0.54 ms

baseline resolution: σbsl = 10 eV

(for measurements at 22 mK) 



Recent results. LDs performance

• 6 Li2MoO4 + 4 130TeO2
• 10 NTL LD

Energy detected in the top and bottom LDs facing the LMO 
crystal vs energy detected in the LMO (T = 22 mK)

Energy spectrum accumulated by NTL LD after 83 h 
of calibrations with a Th source at 17 mK

17.5 
keV

27.5 
keV

Good α’s rejection (>99.9%) and signal amplification

Mean value of the effective gain:
G = 8.5 when light impinges on the electrode 
side 
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Mean value of 

the risetime: 0.54 ms

baseline resolution: σbsl = 10 eV

(for measurements at 22 mK) 



Validation of cryogenic setup: test with 2 CUPID-Mo modules 

Energy spectrum from calibration run (78h)

Light to heat ratio vs heat 

α’s

208Tl line

β/𝛾 events

Detector FWHM @2615 
keV (keV)

CROSS LMO-5 5.7(13) 

LMO-12 5.2(11)

CUPID-Mo mean: 6.6 ± 0.1

Detector 𝝈𝒃𝒂𝒔𝒆𝒍𝒊𝒏𝒆[keV]

CROSS LD-5 64

LD-12 72

CUPID-Mo LD-5 66

LD-12 69

Crystal performance

LDs performance
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Eur.Phys.J.C 82 (2022) 11, 1033

Eur.Phys.J.C 80 (2020) 44

https://doi.org/10.1140/epjc/s10052-022-10942-5
https://link.springer.com/article/10.1140/epjc/s10052-019-7578-6


Background index and sensitivity

Total BI: (𝟑. 𝟐 ± 𝟎. 𝟓) ∙ 𝟏𝟎−𝟑 counts/keV/kg/year

Sensitivity:
Assuming 2 years live time, the CROSS experiment will be able to set a limit (at 90% C.L.) on the 100Mo 0νββ decay: 

𝐓𝟏/𝟐
𝟎𝛎𝛃𝛃

> 𝟗. 𝟑𝟔 ∙ 𝟏𝟎𝟐𝟒𝐲𝐫, corresponding to 𝐦𝛃𝛃 < (𝟏𝟐𝟔 − 𝟐𝟏𝟑)𝐦𝐞𝐕

• CUPID-Mo: half-life 𝐓𝟏/𝟐
𝟎𝛎 > 𝟏. 𝟖 · 𝟏𝟎𝟐𝟒 yr

• AMORE-I: half-life 𝐓𝟏/𝟐
𝟎𝛎 > 𝟐. 𝟗 · 𝟏𝟎𝟐𝟒 yr

Current limits on 100Mo 0νββ ∶
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CUPID and CROSS interplay

CUPID (CUORE upgrade with Particle Identification) is a future ton-scale experiment to search for
0𝜈𝛽𝛽 decay in 100Mo, using scintillating bolometers technique. 

The CROSS cryogenic facility is exploited to

crystals resolution and 
sensitivity

test performance of 
the CUPID crystals 

leakage current and sensitivity checks 

perform R&D on NTL LDs: 

search for optimal geometry of the electrodes 

studies on pile-ups rejection efficiency

(coincidences of 2𝜈𝛽𝛽 events, dominant 
background of CUPID, because of relatively fast 

decay time T1/2
2νββ

= 7.1 ∙ 1018 years of 100Mo) 

probe assembly 
structures 

CROSS demonstrator is 
high statistics test of NTL LDs 

(26 Ge will be tested)
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To develop 
electronics & DAQ

arXiv:2503.02894

CUPID poster

https://arxiv.org/abs/2503.02894


Conclusions

CROSS is developing new technologies to reduce background noise in 0𝜈2β decay detection using 
bolometers and advanced NTL light detectors

NTL LDs

• demonstrate excellent energy resolution: σbsl = 10 eV

• good discrimination of ⍺’s

• signals with the rise time ~ 0.5ms were achieved, that together with high SNR due to NTL effect and 
geometry improvement allows to better reject pile-up events

Crystals 

• LMOs show excellent energy resolution (FWHM ~ 5-6 keV at 2615 keV) 

• high radiopurity of 130TeO2 crystals together with good energy resolution is confirmed 

Preparation for the CROSS demonstrator is ongoing. Test with CUPID-Mo modules validated that cryogenic setup is 
ready for the final demonstrator.

CROSS demonstrator is a competitive experiment on the 𝟏𝟎𝟎𝐌𝐨 𝟎𝛎𝛃𝛃
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CROSS underground facility at LSC 
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Cryostat installed and commissioned in April 2019

Passive shields: 

➢ antiradon shield 

➢ external lead shielding

➢ internal lead shielding

Active: muon veto system



CROSS muon veto system 
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➢ Made of plastic scintillators
➢ SiPMs as light detectors
➢ 9 sectors (4 lateral + 4 bottom + 1 top)



Example of the pulses in light and heat channels

9-13 June, WIN 2025 16



CUPID structure
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CUORE cryostat and shielding 

+ muon-veto system 
& neutron shields

1596 enriched 

𝐋𝐢𝟐
𝟏𝟎𝟎𝐌𝐨𝐎𝟒 crystals

(>95% enrichment)

1710 light detectors

240 kg of 𝟏𝟎𝟎𝐌𝐨

𝐋𝐢𝟐
𝟏𝟎𝟎𝐌𝐨𝐎𝟒 crystal

➢ 45 x 45 x 45 mm3

➢ Thermal sensor:                          
NTD Ge thermistor

𝐆𝐞 NTL LD
➢ Thin Ge wafer (<1 mm thickness)

➢ Thermal sensor: NTD Ge thermistor

➢ SiO antireflective coating 

(enhances light collection by ~ 30 %)

➢ Exploiting Neganov-Trofimov-Luke 
effect for signal amplification


