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CUPID-Mo

Time 

2017 Fall Detector construction CSNSM, Orsay, France

2018 January Installation in the EDELWEISS-III cryostat Modane

2018 Summer Commissioning I Modane

2019 Winter Commissioning II Modane

2019 March Physics run Modane



4

Experimental setup

➢ 4 * 5 array, LMO and LD at the bottom

➢ Czochralski technique; Radio-pure SiO powder slicing and 

surface treatment

➢ 44.5 mm * 175 µm Ge wafers, 70 nm SiO coated

➢ Dicing the NTDs for LDs to reduce their heat capacity

Commissioning I Commissioning II

LMO 

LD 
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Experimental setup

➢ No reflecting foil in Commissioning I; lateral side with 

reflecting foil (3M Vikuiti™) in Commissioning II

➢ Copper etched with citric acid, and PTFE in an ultrasonic bath

with ethanol 

➢ Tower assembly performed in a class 10 cleanroom

bonding

Constant wires

Larger Kapton pad

Then, copper wires to 
connect pre-amp at 100K
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EDELWEISS-III cryogenic

➢ Wet cryostat, reliquefication system needed (vibration noise)

➢ Mechanically decoupled from EDELWEISS-III with three springs[1]

➢ Outer shield: 20 cm lead and 55 cm polyethylene

➢ Inner shield: 2cm Roman lead & 14cm Roman lead and 10cm

polyethylene at 1K-plate

➢ 98% geometrical coverage muon veto system

[1] E. Armengaud et al., Eur. Phys. J. C 77, 785 (2017)
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EDELWEISS-III cryogenic

CUPID-Mo

1 kBq

100 kBq

50 Bq of 232Th
100 Bq of 238U
Few Bq of 235U

X-ray fluorescence calibration

[2] E. Armengaud et al., JINST 12, P08010 (2017)

EDELWEISS-III data path[2]

AC biasing
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CUPID-Mo operation

➢ 1 LD lost; 2 heaters unable to inject pulses

➢ NTD @ LDs operate in over-bias regime ~ 1MOhm (but to mitigate the impact of AC biasing)

➢ Working at 20.7 mk

➢ Two independent analysis frameworks: DIANA and a CSNSM framework (cross-check)



1.1 μV/keV sensitivity
148 eV baseline resolution
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LDs performance

𝐊𝛂𝟏 17.48 keV
𝐊𝛂𝟐 17.37 keV

𝐊𝜷𝟏 19.61 keV

𝐊𝛂𝟏 8.05 keV
𝐊𝛂𝟐 8.03 keV

➢ 4.2 ms rise time and 9.2 ms decay time

➢ Calibration using X-ray fluorescence of Mo & Cu

➢ First-order polynomial calibration with zero intercepts

➢ Random trigger events every 101 s to estimate the baseline resolution



10

LMOs performance

➢ 24 ms rise time and 299 ms decay time

➢ Calibration using mixed Th/U source 2.2 days

➢ neglect nonlinearities & fit using zero and the 208Tl line

➢
208Tl line also used for stabilization

17 nV/keV sensitivity
1.96 keV baseline resolution
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Cuts
➢ Cut atypical noise &  temperature spikes of the cryostat ~11%

➢ Pile-up cut in (-1,+2) s window (dominated by heater) ~4%

➢ baseline slope、rise-time & optimum filter peak position within 5 median absolute deviations (MAD)

➢ Relative Light Yield within 4σ of the mean amplitude
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Performance of light-vs-heat dual readout

➢ Single LD with higher RLY

➢ RLY difference between top and bottom LDs is a 

result of the support structure design.

➢ Summed light collection ~ 1.35 keV/MeV

➢ Use the bottom LDs for further analysis
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Performance of light-vs-heat dual readout

210Po

noise spikes; mis reconstructed 
amplitude in LD; β with coincident γ

light quenching of α particles 
with respect to γ /β particles 
of (19.7 ± 1.0)%

The resulting median discrimination power 
is 15.0, with the worst performing detector 
having a discrimination power of 6
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Radiopurity of LMOs

Additional cut:
100 ms M1 cut to reject multi-Compton and muon shower

2vbb of 10 mBq/kg

(6.5 ± 1.4) keV @ 2615

Number of events in a ±30 keV window around each nominal decay energy is compatible with zero at the 2σ level for 
all of the U Th chain signatures. 
Conservative upper limit 2μBq/kg (Th-series) and 3μBq/kg (U-series) (90% CL) using the largest observed event count
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CUPID-Mo Summary

➢ @ Modane underground laboratory

➢ 20 enriched LMO (97%), 0.2 kg each ( Φ44 × 45 mm)，20 LD

➢ 20.7 mK working temperature

➢ 5.3 keV (6.5 keV) FWHM at 2615 keV, in calibration (physics) data

➢ light yield for γ /β events (0.6–0.9 keV/MeV)

➢ α rejection efficiency > 99.9% (discrimination power ~15)

➢ Crystals’ radiopurity: ≤ 3 μBq/kg of 226Ra and ≤ 2 μBq/kg of 232Th
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Thanks


