
CUPID, the next-generation 

0νββ bolometric experiment

𝑨, 𝒁 → 𝑨, 𝒁 + 𝟐 + 𝟐𝒆−

signature

In case of observation: 
▪ Lepton number violation 
▪ Majorana nature of neutrinos
▪ Explanation of matter-antimatter 

asymmetry

Current limits on the half-life:  

𝑻𝟏/𝟐
𝟎𝝂 > 1024 -1026 yr

Experimental requirements
▪ Large exposure 𝑀 × 𝑡
▪ Large 𝛿 (isotopic abundance)
▪ Small 𝑏 (low background index) in the ROI
▪ Small ∆𝐸 (good energy resolution)
▪ High 𝜀 (detection efficiency) 

𝜹 × 𝜺 ×
𝑴×𝒕

𝒃×∆𝑬
→  with background

𝜹 × 𝜺 × 𝑴 × 𝒕 →  background free 

(𝑏 × ∆𝐸 × 𝑀 × 𝑡 ≪ 1)

▪ ∆𝑻 = ∆𝑬/𝐂 ~ 0.1 mK/MeV

▪ C (T) ∝ T3 ⇒ operating  
temperatures 10-30 mK

▪ Good energy resolution:  

5-10 keV FWHM at Qββ

▪ Double read-out of heat and light 
signals 

▪ Particle discrimination using light 
detectors (LDs): > 99.9% α particles 
rejection efficiency

▪ Technology proven in CUPID-0 [1] 
and CUPID-Mo [2] demonstrators

𝐋𝐢𝟐
𝟏𝟎𝟎𝐌𝐨𝐎𝟒 crystals

▪ Isotope of interest: 100Mo (Qββ = 3034 keV) 

▪ Enrichment in 100Mo > 95% 

▪ Size of 45 x 45 x 45 mm3

▪ Pre-production in China (SICCAS) is ongoing 

Thermal sensor:  neutron transmutation doped 
(NTD) Ge thermistor

𝑹 = 𝑹𝟎 ∙ 𝒆 𝑻𝟎/𝑻

Neganov-Trofimov-Luke (NTL) light detectors [4] 

▪ Ge wafer (operated as a bolometer) with SiO antireflecting 
coating (enhances light collection by  ~ 30%)

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

𝑬𝒕𝒐𝒕 = 𝑬𝟎 𝟏 +
𝒒∙𝑽𝒃𝒊𝒂𝒔∙𝜼

𝝐
= 𝑬𝟎 ∙ 𝑮𝑵𝑻𝑳

𝑬𝟎: particle energy;  𝒒: ⅇ− charge; 

𝝐: energy required to create one of e-h pair;

𝜼: amplification efficiency; 𝑮𝑵𝑻𝑳: NTL gain
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▪ 1596 enriched Li2
100MoO4 crystals, 

containing 240 kg of 𝟏𝟎𝟎𝐌𝐨 in total
▪ 1710 LDs (each crystal is facing 2 NTL LDs)

CUPID will reuse much of the technology 
successfully employed by CUORE located 
underground at the Gran Sasso National Laboratory 
(LNGS), Italy:
• a cryostat maintaining 10 mK for years
• a readout/DAQ system optimized for thousands 

of channels
• highly reliable procedures for radiopurity 

In addition, a muon-veto system & neutron shields 
will be installed

GDPT (Gravity Design Prototype Tower) [5] 

▪ 28 Li2MoO4 crystals (7 of them 98% enriched in 100Mo)
▪ 30 Ge light detectors (no NTL), SiO coating by 

evaporation/sputtering
▪ Tested at LNGS in July-October 2022

Main results
▪ innovative gravity based approach, copper/LMO ratio < 20%

▪ good temperature stability (±0.5 mK at 10 mK)

close to CUPID target: 
5 keV @ 𝐐𝛃𝛃

fulfills the CUPID 
target: 0.35 keV/MeV 

R&D on NTL LDs @ Laboratorio
Subterraneo de Canfranc (LSC), Spain

10 Ge NTL LDs with 
concentric Al electrodes

▪ 8/9 can be biased > 80 V 

▪ mean value of the effective gain       
𝐆𝐞𝐟𝐟 = 𝟖. 𝟓 at 80 V (would be at least 
~1.3 larger in CUPID at this voltage 
thanks to enlarged electrodes 
coverage)

▪ fast signals: rise-time close to 0.5 ms
=> important for pile-up rejection 

Future tests
VSTT (Vertical Slice Tower Test) 

Similar to GDPT, but with NTL LDs and some modification 
to design to mitigate noise, under preparation

CROSS (Cryogenic Rare-event Observatory 
with Surface Sensitivity) 

26 Ge NTL LDs will be tested, commissioning this year

CUPID goal: 
Background index: 1 × 𝟏𝟎−𝟒 counts/keV/kg/yr

Background sources and rejection 
• Random coincidences of 𝟐𝛎𝛃𝛃 events 

T1/2
2νββ 100Mo = 7.1 × 1018 yr is relatively 

fast; expected background 3.3 × 10−4 ckky ⇒
can be suppressed to 0.5 × 10−4 ckky by pulse 
shape discrimination of NTL LD signals [7]

• Environmental radiation (𝝁, 𝒏, 𝜸) ⇒ reduced by 
LNGS overburden (3600 m. w. e.) + muon veto, 
shielding and anti-coincidence cut 

• Close components (detector holders, 
dominated by surface contamination) ⇒ 
cleaning, reduction of the machining operations 
due to design changes

• Crystals (dominated by surface contaminants)
⇒ targeting zero exposure to air, anti-
coincidence cut

Sensitivity [9]

3σ discovery sensitivity: 𝐓𝟏/𝟐
𝟎𝛎𝛃𝛃

= 𝟏 ∙ 𝟏𝟎𝟐𝟕𝐲𝐫,

corresponding to 𝐦𝛃𝛃 = 𝟏𝟐 − 𝟐𝟏 𝐦𝐞𝐕

Exclusion sensitivity (at 90% C.L.): 

𝐓𝟏/𝟐
𝟎𝛎𝛃𝛃

> 𝟏. 𝟖 ∙ 𝟏𝟎𝟐𝟕𝐲𝐫,

corresponding to 𝐦𝛃𝛃 < (𝟗 − 𝟏𝟓) 𝐦𝐞𝐕

CUPIDCUPID (Stage I)

Staged approach

• Start of data taking with 1/3 of all crystals 
by 2030. Data taking for 3 years 

• Start of data taking with full CUPID in 2034

Taking into account its well-established  
technology and robust, data-driven background 
predictions, CUPID Stage I has world-leading 
scientific reach.

CUPID is a ton scale experiment with 
competitive sensitivity and possibility of scaling 
(CUPID-1T [8])
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• 99.9% rejection efficiency of α particles 
due to scintillating bolometers technique

• High 𝐐𝛃𝛃 value (3034 keV) above the bulk 

of γ environmental background 

Test of 1st enriched SICCAS crystal @ IJCLab, France 

Crystal size: 
45 x 45 x 21 mm3

Tested in BINGO 
assembly [6], with 
the LD (no NTL)

▪ LY = 0.22 keV/MeV => in line with the CUPID goal when 
considering the assembly configuration

▪ Voltage to energy conversion complies with CUPID goal

▪ (6.6 ± 2.2) keV median FWHM @2615 keV

(6.2 ± 1.9) keV FWHM excluding 
2 test crystals

▪ 0.36 keV/MeV light yield (LY) measured 
by “close” LD

0.31 keV/MeV LY measured by “far” LD

𝑻𝟏/𝟐 ∝

Current background projections


