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I Double Beta Decay
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CUORE Experiment
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o low temperature ~10 mK

o high sensitivity E measurement via AT |
o low threshold: eV - keV
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o high detection efficiency (>85%) : "hww . NW

Source=detector 1,000 2,000 3,000 4,000 5,000 6,000

Energy (keV)

« high energy resolution: ~0.3% (FWHM) Ty2> 2.8 x 102 yr, mgg < 90-305 meV

Best limit on 139Te, Nature 604,53 (2022)
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| CUPID (CUORE Upgrade with Particle Identification)

Light detector
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CUPID Experiment

I 190Mo-enriched Li,M0oO, crystals
%Mo high Qgg (~3.034 MeV)
Scintillating bolometer technology
PID by heat & light dual readout
> 99.9% a discrimination @ 3 MeV

CUORE infrastructure with detector upgrades
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I CUPID collaboration

o CUPID-China
: 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*

O O 0O O O O O O

(*Officially in the international CUPID collaboration)

International Collaboration

CUPID - Italy

CUPID - US

CUPID - France

CUPID - China

~ 30 institutes, >150 collaborators

Since 1928
A

—SICC

~ 8 institutes, > 40 collaborators

CUPID-China is actively collaborating with the international collaboration
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I Key Technology R&D

Crystal Production

» Growth of ultra-pure LMO crystal
» Pre-production of 1®Mo-enriched crystal

Readout Electronics

 NTD/TES thermistor fabrication and
performance study
* Front-end / DAQ system development and test

Single Module Bolometer

Ground testing of small crystal
» Heat-light readout performance study
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LMO Crystal Production S ot a, SICOAS
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100Mo enriched LMO
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Shanghai Institute of Ceramics Chinese Academy of Sciences

March 7, 2023
To Istituto Nazionale di Fisica Nucleare (INFN), Italy

Shanghai Institute of Ceramics, Chinese Academy of Sciences (SICCAS) is pleased to
support the CUPID Collaboration in proposing a Neutrinoless Double-Beta Decay

i A critical of this i will be 1600 enriched Li,'*MoO,
(LMO) crystals produced with ~95% '®Mo cnriched material. SICCAS is working to
become the enriched-crystal supplier for the Ttalian share of about 60%.

SICCAS has already a story of partnership with INFN since we provided the ~1000 TeO,
crystals used in CUORE. The crystals were produced in a dedicated line, following
protocols that were studied and agreed with the CUORE collaboration. They fully met

iopurity and quality requi and are now operated as in

CUORE.

For the past several years, SICCAS has been optimizing the production of natural LMO
crystals. Cubic LMO crystals with the size needed for CUPID were already delivered from
SICCAS and successfully tested at Laboratori Nazionali del Gran Sasso (LNGS) verifying
their suitability as absorbers in a bolometer.

During 2023 SICCAS plans to optimize the growth procedure by using high-purity
precursors, to study the precursors purification and to define a procedure able to ensure a
high cfficiency in material recovery. A first baich of 6 crystals will be ready in Spring
2023 and delivered to LNGS for qualification. Based on the ion results, an
optimized production of natural and radiopure crystals will be possible before the end of
the year.

Presuming that SICCAS-grown crystals become qualified for CUPID and provided that
enriched '"Mo will be available on the market (with quality and quantity suitable for
CUPID’s needs), SICCAS will be ready to discuss with INFN a production contract that
will include the procurement of the enriched material from the selected vendor and the
expansion of SICCAS crystal production capacity with the preparation of a dedicated
production line for CUPID LMO erystals (as done for CUORE TeO; erystals in the past).

Dr. WA%G Dong ﬂ

Director
Shanghai Institute of Ceramics,
Chinese Academy of Sciences

So4k: CASTIEEISIZISE @B 200050
'No.1285 Dingxi Road, Shanghai 200050, Chin
TEL: 862152412990 FAX: 86-21-52413003

nitpui www. sic.ac.cn
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R&D on the Mo-100 enriched LMO crystal

Agreement made with INFN and CNRS on pre-
production of enriched LMO crystal for CUPID
Procurement of a few kg enriched raw material
(MoO3; powder) in process

First sample of 1Mo enriched MoO; powder
has been produced and QA studied
Pre-production starts from 2024

September 25,2023 @ SICCAS
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LMO Crystal test @ INFN LNGS

1 Sensitive quality evaluation through bolometer
run (CCVR/BDPT) LMO3

[ Good energy resolution and light yield observed “ oy

for all the crystal samples = clear alpha | ’ :
discrimination Standard :
@ LMO2

1 New LMOs (2023) produced with cleaner
materials is being tested now at LNGS

=

Briddman

Background Spectrum
0 Stabilization on 2615 line
- Selection Bly

Light-heat measurement
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NTD-Ge thermometer

Mott's law: | USTIC 7-2

Ty
R=R06Xp ?

USTC 5-2
+ USTC4-1
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Ge-70 20 50 100 150 200 250 300 350

I . l Ge wafer - .

) | 7 NTD-Ge (Neutron Transmutation Doped

__ ==& Cutting = Components/purity

— | test germanium thermistor)
®  Surface 'ad'at;‘_’s'lmmn/cmz "e"f°"";"°e st « key component for heat (phonon) signal
iEermton " . readout
: ire bonding ] ] ]
l 4 * well established fabrication process
Annealing Electrode « continuous optimization of the processing

‘ I implantation technique

iface preperation 1 Performance study
* |-V and R-T curve: R >10MQ @ T<20 mK

B / RERF et al, (USTC) B | EE A 16



I Transition-Edge-Sensor (TES)
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O TES for faster light readout

1 Novel technique for the future
experiment

A AIMn/W superconducting film
preparation and performance
study:

material/thickness/coating

1 Optimization towards the goal
of Tc <20 mK

[ Progresses made in
simulation for chip design
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I Electronics R&D
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1 R&D on the low noise Front-End electronics

o improved design of the NTD-Ge Front-End board

o measurement of the equivalent input noise
spectral density = competitive low level

Equivalent Input Noise Density (V/VHz)

! 10° 10°

Frequency (Hz)

H1EUE/ 4 et al, (USTC) B | BBk noise power spectrum 13
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I Cryogenic

USTC-DR: commercial system for crystal test at ground
FDU-DR: customized system for underground experiment

WE | EBKFE 19



Shielding

1 Signals from cosmic ray & environmental radioactive background
1 Typical decay time ~100 ms for heat channel
1 Heavy pile-up issue = use smaller crystal & Pb/Cu/water shielding
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I Bolometer Module Assembling

3 Testing of the small size LMO crystal (2x2x2cm?3/1x1x1 cm3, BG/C2Z)
1 Module components: LMO crystal, NTD-Ge, heater, PTFE/Cu holder
B Assembly process well established

s | EEXRF 21



I Spring Vibration Damping
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I LMO Crystal Test in the Ground Lab

;o
: *’Na y -source
10°E
E 1.26 MeV
| Compton edge/ 1.46 MeV K
102 = @1.06 MeV
| '.‘\"'l ‘
10 &~ T
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hamp4
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vishawweed il Data Processing

Std Dev 302.5
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o
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1 Both heat & light channel are tested.

[ Heat channel are calibrated by:

22Na: 511 keV, 1.27 MeV; 4°K: 1.46 MeV
 FWHM 21.5 keV@511 keV, 28.9 keV@1.27 MeV

s | EERFE

Derivative Trigger

Periodic Noise Subtraction

Pulse Shape Cut

Optimal Filter

Extract Amplitude

Temperature stability
correction

Spectrum

23



Light Detector R&D and Test in the Ground Lab

1 Light detector from Orsay_ 2018, fixed on the MC plate, response to cosmic ray, vibration
1 Light detector from USTC, bad thermal conductance, fixed on MC, ~60 mK
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Summary and Plan




I CUPID-CJPL Roadmap

Module test ] 0 :gﬂg:g;gjgtggjénstratoru'o'kg') —

10 kg enriched crystals o’fw ¥ — CUPID-GJPLAT E
6-12 natural crystals (2025-2028) :
(2023-2025)
CUPID-CJPL Demo  [JE

Measurement time (yr)

: i UPID-CJPL Demonstrator (10 kg)
10°= @ CUPID-CJPL 200
CUPID-CJPL 200 : _

1

<

200 kg enriched ton-scale experiment %&

crystals v
(2028+)

______ CUPID-CJPL 1T

Measurement time (yr)
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Summary

1 CUPID-CJPL
« search for OvBR of %Mo
o cryogenic scintillating bolometer

1 CUPID-CJPL Demonstrator
o demonstration of key technologies for ton-scale experiment at CJPL

1 Progresses have been made
 Uultra-pure crystal growth

o low noise read-out system

o bolometer module test

1 R&D in progress

o 199Mo-enriched radio-pure crystal growth
o light module test & optimization

« data processing & denoise method
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| why Mo-100 2
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CUPID potential for multiple physics studies

~

OovDBD/2vDBD

« Multiple isotopes
Zné?Se

Li>199MoQOy4
Na,'%°MoO,
Cd"%MoQOy,
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