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Two Neutrino Double Beta Decay
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Forbidden in the Standard Model
T,, > 10%¢ years
AL=2
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Only if v=v: Majorana neutrino

All 2v2f3 isotopes are candidate of

" 0v2B decays.



‘Exb-ériment Design Consideration

The expected half-life sensitivity of Ov2p3 decay experiment:

Detection BB isotopic Mass of the
efficiency abundance source material

1/2 limit « ()

— Time of running
Np

°®
® Mt is also
called the

Mass number of Number of

the source isotope background events exposure

For zero background experiment, it is proportional to Mt:
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limit o« — Mt
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Wéﬁldwide OvBB Experiments in Underground Labs

NvDEX, PandaX-
, CDEX, etc.

CUPID-CJPL,
Ovbb
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China Jinping Underground Laboratory
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l‘ for double beta decay I
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From CUORE to CUPID Experiment
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- CUGRE Te, ~ 206 kg of 130Te €UPID Li;MoO, ~ 240 kg 1°°Mo

ook . } Qg : 2727 keV Qgg : 3034 keV
Modern Lead ; T1/2 > 3-5 X 1025 yr T1/2 > 1 X 1027 yr
— i Mgg < 70 - 250 meV Ty 115 = AV e
Bl: 3 X 10-3 ckky in ROI Bl: <10 ckky in ROl -

— Heat signal only Heat — Light dual readout

Roman Lead
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('Z.'U-P?ID (CUORE Upgrade with Particle IDentification)
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Light signal
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Scintillating Bolometer

Bolometer:

v Source = Detector: High Eff,,

v' Energy deposition -> Phonons

v Flexible isotope choices

v Ultra-low detection threshold (~ 15 eV)
v' Exceptional energy resolution (~ 0.3%

FWHM @2.6 MeV)
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Heat signal

Scintillating bolometer:
v' Light-Heat Signal Dual Readout
v Particle Identification

v Further reduce background
v NTD or TES sensor
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CUPID-CJPL




| 'CU.'P';.ID-CJPL Experiment

Bolometer for Ov3B search
« 100Mo-enriched scintillating LMO crystals
Light-heat dual readout (PID)
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Based in China Jinping underground Lab

(CJPL) = the deepest underground lab in | EEEG_—_——
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the world
CUPID-CJPL-Demo R&D on progress




CUPID-CJPL R&D in China
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CUPID-CJPL

Beijing Normal University*

Fudan University*

Ningbo University

Shanghai Jiao Tong University*

Shanghai Institute of Applied Physics

Shanghai Institute of Ceramics

Tsinghua University

University of Science and Technology of China*
Institute of High Energy Physics

(*Officially in the international CUPID collaboration)
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Institute of High Tnergy Physics
Chinese Academy of Sciences

Since 1928

~ 9 institutes, > 40 collaborators
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‘Bo’lémeter Module Assembling @ Fudan

| '::..\/"'Testing of the small size LMO crystal (2x2x2cm?3/1x1x1 cm3, BG/CZ) in ground lab
v" Module components: LMO crystal, NTD-Ge, heater, PTFE/Cu holder
v' Assembly process well established

Cleanlng & Drying == Gluing ‘ Assembly & Bondmg‘lnstallatlon |
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lecm LMO
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Light Detector R&D and Tests @ Fudan

% Light detector, ¢ 44, is assembled together with 1cm LMO on the spring plate
v’ Sensitive to cosmic ray, vibration, and other background events.
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Background study & Internal Shielding Design @ Fudan | ERSE  ER

— With Shielding

— Without Shielding
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1 Main background: cosmic ray & environmental radiation

1 Typical decay time 10 ~100 ms for heat channel

1 Heavy pile-up issue = shielding

1 Shielding designed using Geant4 simulation

1 Shielding capability validated by CZT & HPGe detector
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'Detector Module Design @ Fudan



Data process workflow @ Fudan

Plot Data

Stream

Customised
modules can be
added to the
framework.
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« Plots data stream
e Check waveforms and

decide trigger parameters

Trigger

« Threshold trigger on original
or differentiated waveform

« Writes triggered flags into

ROOT file

Filter &

Recon.

Channel 1

Data stream

b
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Trigger on original waveform
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Read raw data and trigger ..
Filter data

Reconstruct event-based
quantities and write data
into .root

Average pulse
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Jomt calibration with heater & *4TAm @ Fudan

Amplitude(V) vs Q(MeV)
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'I5ré.lzi'minary Spectrum @ Fudan

Counts/(4 keV)

Amplitude[V]

Filtered Amplitude (baselineRMS<2000)
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A new software
under developing

Quality cuts applied
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'Investlgatlon on sources of noise sources @ Fudan

Motivation to

suppress noises

Energy resolution

Lower energy threshold )

Vibratiehis

Electronics

e.g. connections

Power Spectral Density (Af = 0.1Hz)

Baseline resolution ) 10
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Summary &

Outlook




CUPID-CJPL schedule

2025/1/1 2026/1/1 2027;/1/1 2028/1/1

Construction and cryostat

setup Shielding installation

Detector calibration ! Crystal test

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

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

CJPL an option for ton- scale search experiment.
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é'u"himary and Outlook

" O CUPID Experiment
v" search for OvBf of 1Mo
v' cryogenic scintillating bolometer

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

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

= Next: Go underground!
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