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Two Neutrino Double Beta Decay 
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Neutrinoless Double Beta Decay (0νββ)
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T1/2 > 1026 years           
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Experiment Design Consideration

The expected half-life sensi1vity of 0ν2β decay experiment:
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Worldwide 0νββ Experiments in Underground Labs 

CUPID-CJPL,
NvDEX, PandaX-
0vbb, CDEX, etc. 

China

AMoRE 

CUPID-Mo 
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0νββ Experiments

NνDEx

JUNO

CDEX

LS

TPC

HPGe
Bolometer

Tracker + calorimeter 

AMoRE 
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Bolometer for 0νββ 
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From CUORE to CUPID Experiment
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Roman Lead

Pulse Tube

Best limit on 130Te
TeO2 ~ 206 kg of 130Te
Qββ : 2727 keV
T1/2 > 3.5 × 1025 yr
mββ < 70 - 250 meV 
BI: 3 × 10-3 ckky in ROI
Heat signal only

Aim to do: 
Li2MoO4 ~ 240 kg 100Mo
Qββ : 3034 keV
T1/2 > 1 × 1027 yr
mββ < 12 - 20 meV 
BI: < 10-4 ckky in ROI
Heat – Light dual readout

CUORE 2-ton yr result   Science10.1126/science.adp6474 (2025)
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CUPID (CUORE Upgrade with Particle IDentification) 

Bolometer：
ü Source = Detector: High Effdet
ü Energy deposition -> Phonons
ü Flexible isotope choices
ü Ultra-low detection threshold (~ 15 eV) 
ü Exceptional energy resolution (~ 0.3% 

FWHM @2.6 MeV)

Scintillating bolometer: 
ü Light-Heat Signal Dual Readout
ü Particle Identification
ü Further reduce background
ü NTD or TES sensor
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CUPID-CJPL



CUPID-CJPL Experiment
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• Bolometer for 0νββ search

• 100Mo-enriched scintillating LMO crystals

• Light-heat dual readout (PID)

• Based in China Jinping underground Lab

(CJPL)➔ the deepest underground lab in

the world

• CUPID-CJPL-Demo R&D on progress
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CUPID-CJPL R&D in China

CUPID-CJPL
o Beijing Normal University* 
o Fudan University*
o Ningbo University
o Shanghai Jiao Tong University*
o Shanghai Institute of Applied Physics 
o Shanghai Institute of Ceramics
o Tsinghua University
o University of Science and Technology of China*
o Institute of High Energy Physics
(*Officially in the international CUPID collaboration)

~ 9 institutes, > 40 collaborators

Key 
Technology

R&D

LMO
Crystal

Light 
detector

Bolometer 
module

design & 
test

Electronics

Sensor
(NTD/TES)



Bolometer Module Assembling @ Fudan
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ü Testing of the small size LMO crystal (2x2x2cm3 /1x1x1 cm3, BG/CZ) in ground lab
ü Module components: LMO crystal, NTD-Ge, heater, PTFE/Cu holder
ü Assembly process well established
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2cm LMO

1cm LMO

Cleaning & Drying           Gluing Assembly & Bonding  Installation



ü Light detector, φ 44, is assembled together with 1cm LMO on the spring plate
ü Sensitive to cosmic ray, vibration, and other background events.

Light Detector R&D and Tests @ Fudan
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Background study & Internal Shielding Design @ Fudan

❐ Main background: cosmic ray & environmental radiation
❐ Typical decay time 10 ~100 ms for heat channel
❐ Heavy pile-up issue ⇒ shielding
❐ Shielding designed using Geant4 simulation
❐ Shielding capability validated by CZT & HPGe detector

Copper Shielding Design 

G4 simulation

CZ
T

Validating shielding capability

γ-rays
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Detector Module Design @ Fudan



Plot Data 
Stream

Trigger

Filter & 
Recon.
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Data process workflow @ Fudan

• Plots data stream 
• Check waveforms and 

decide trigger parameters

• Threshold trigger on original 
or differentiated waveform

• Writes triggered flags into 
ROOT file

• Read raw data and trigger
• Filter data
• Reconstruct event-based 

quantities and write data 
into .root

Trigger on original waveform

Data stream

Average pulse

Customised
modules can be 
added to the 
framework. 
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Joint calibration with heater & 241Am @ Fudan
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Zero Energy Point Am241

The 241Am energy spectrum 
by Au-Si barrier detector

GEANT4 MC

Zero-point measured by heater

241Am: α 5485 keV
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Preliminary Spectrum @ Fudan

A new software
under developing
Quality cuts applied
OF not yet applied

USTC software
Optimal Filter applied

Energy resolution
corresponding to 
~ 3 keV

Average Pulse Shape 
Rise Pme 2.8 ms
Decay Pme 9.4 ms
@10 mK
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Investigation on sources of noise sources @ Fudan

Motivation to 
suppress noises

Maximise s/n

Baseline resoluMon

Lower energy threshold

Energy resoluMon

This study uses bolometer data collected at 
cryogenic temperatures during operaMon.
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Summary & 
Outlook
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CUPID-CJPL schedule
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Shielding installation
ConstrucPon and cryostat

setup

Shielding design and test Detector calibration Crystal test

ØCUPID will use 1596 LMO crystals, multiple underground crystal test facilities are
neccessory

ØData from CUPID-CJPL bolometer would build a background model, MIGHT make

CJPL an option for ton- scale search experiment.
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Summary and Outlook

p CUPID Experiment
ü search for 0νββ of 100Mo
ü cryogenic scintillating bolometer

p CUPID-CJPL Demonstrator lead by CUPID-China collaboration 
ü demonstration of key technologies for ton-scale experiment at CJPL

p R&D in progress
ü 100Mo-enriched radio-pure crystal growth
ü bolometer module test & calibration
ü light detector fabrication & tests
ü thermal sensor test (NTD & TES)
ü vibration dumping system 
ü simulation framework
ü data processing & denoise algorithm

☞ Next: Go underground!



Thanks!
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CUPID-China Collabora0on


