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CUORE Operational Success

CUORE: Towards CUPID Ton-scale NLDBD Search
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Collected TeO; exposure: 1110 kg*year
Analyzable exposure: 1031 kg*year (*as of Oct 26, 2020)

>1 ton*year analyzable exposure

Largest dataset ever collected by a solid-state double-
beta decay experiment

Continuous operations at 11mK since March 2019
Demonstrates readiness for a ton-scale bolometric
double-beta decay experiment

CUPID proceeding to technical design
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CUORE Results

P —— CUORE data, M1 (300.7 kgey)
130T¢ 2v[3p Fit reconstruction
B M, Fit reconstruction
208T1
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Te-130 Ovbb Q value 2527 keV
Significant background in the ROI

TI-208 gamma peak ~ 300 for 300.7 kg x yr exposure



CUPID-Mo Results

= Physics data
(6) — [J/Th data - scaled to match T1-208

Counts / keV

CUPID-Mo 2020, 2.17 kg xyr ‘
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FIG. 1. Physics spectrum (blue) for 2.17 kg xyr of data and
Calibration spectrum (red) scaled to match the 2615keV
counts from “°*T1. A +50keV region around Qgg has been
blinded (gray). The most prominent y-peaks in the physics
and calibration data are the following: (1) *°°TI 2615 keV,
(2) *°K 1461keV, (3) ®°Co 1173keV, 1332keV, (4) *'*Bi
1764keV, 1120keV, 609keV, (5) **?Pb 239keV, (6) **Mo
142 keV.

TI-208 gamma background
peak ~ 50 for 2.17 kg x yr

Alpha rejection works!

Mo-100 Ovf3f3
Q value 3034 keV !

There is room to improve
the quality of the crystals
and reduce gamma
background !



CUPID Concept

R. Artusa et al., Eur.Phys.J. C74, 3096 (2014)
pre-CDR: arXiv: 1907.093706

Mature concept based on:

CUORE Achievements:

» Ton-scale bolometric detector is technically feasible

» Operation and analysis of 1000 bolometers demonstrated
 Reliable data-driven background model constructed

e Infrastructure for next-generation experiment exists

Scintillating Bolometer technology based on R&D by

Lucifer/CUPID-0, Lumineu, CUPID-Mo

e Baseline: ~1500 enriched LixMoO4 crystals (~250 kg of
100M o)

e Demonstrated radio-purity, active background rejection 5%
2L
E

Light Detector Thermal

Sensor
Light

@ Thermal
W Sensor

* Energy resolution ~5 keV demonstrated
e Total background of <0.1 counts/(ton*keV *year)
e Phased deployment options up to 1 ton of 190Mo

P Energy
Absorber Release



Experimental Parameters

Parameter Baseline
Crystal LiosMoQOy
Crystal size 45x45x45 mm?3
Crystal mass (g) 781
Number of crystals 1482
Number of light detectors 1596
Detector mass (kg) 417
100Mo mass (kg) 223
Energy resolution FWHM (keV) 5
Background index (counts/(keV-kg-yr)) 10—4
Containment efficiency 79%
Selection efficiency 90%
Livetime 10 years
Half-life limit sensitivity (90%) C.L. 1.5 % 1047
Half-life discovery sensitivity (30) 1.1 x 10%" y
mgp limit sensitivity (90%) C.L. 10 — 17 meV

12 — 20 meV

mpp discovery sensitivity (3o)

Updated since pCDR

To be updated



Main Updates Since preCDR

Settled on crystal geometry
(45x45x45 mm?3)

New tower design
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Significant updates on the
background model
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New electronics prototypes
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Ongoing detector optimization
Cost, schedule,
responsibilities: preparation
for the project phase




CUPID-China Collaboration

International CUPID collaboration CUPID-China

Fudan University*

Beijing Normal University*

Shanghai Institute of Applied Physics
Shanghai Institute of Ceramics
Shanghai JiaoTong University*
Tsinghua University

University of Science and Technology

0O 0O O0O0OO0O0O0o

4
® ® @@ ® of China*

Ningbo University

o

Many thanks to the CSNSM Orsay group and
CUPID-Mo Collaboration, Milan-Bicocca, UCB,
LNGS Groups for helping us to get started. *officially joined international CUPID




Near Term Goals

Establish a Crystal Testing Facility at CJPL (2021)
Participate in the CUPID Experiment at LNGS
Possible contribution in readout electronics and
crystal production (if Chinese crystals meet

CUPID requirement)

Construct a CUPID-CJPL demonstrator (~10kg)
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CUPID-CJPL Plan

How can we maintain international collaboration with CUPID ?

CUPID experiment has to compete with other detectors
(LEGEND, nEXO....) !

Chinese groups must focus on 0vf33 experiment at CJPL!

We contribute to the CUPID detector at LNGS

International CUPID collaboration contribute to the technical
development at CJPL and to the large scale bolometer
detector at CJPL

Build a large-size CUPID-CJPL detector as a part of CUPID
network detectors to achieve ultimate ton-scale sensitivity

for Mo-100 »



CUPID-1T: the future bolometric experiment

Experimental state-of-the-art e —— _mﬁﬁ [eV]
CUPID-1T: HALLMARKS 11 o ) 4"
» 1000 kg of 199Mo in a new oMo e [ 1 | |
cryostat or multiple facilities e B I e “’
world wide = o2
> Sensitivity: m;,<10 meV (NH) Rt —
10°
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» Large volume cryogenic facilities
In multiple Underground Labs
worldwide

» ~1900 kg of LMO

From Danielle Speller’s Presentation at Towards CUPID-1T. Snowmass 2021 Planning workshop
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copper lateral
shield

copper top
shield

PE shield *

CUPID-CJPL Demonstrator

-+ 4K vessel

-+ 50 mK flange
=10 mK flange

* crystal aray

4 x 9 array

9 x 4 array

;

CUPID-CJPL demonstrator conceptual design

Single crystal

Array structure

Total mass [kg]

45x45x45 mm3
280 g (LMO)

4x9 (9x4)

10

Goal: Using Chinese LMO crystals to achieve
similar energy resolution, alpha rejection
and background index as achieved by
CUPID-Mo and Hall-C Test

( BI(RON<103cts/keV/kalyr)

MC Simulation
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CUPID Hall-C test (LNGS) |
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From Demonstrator to Large-Scale

CUORE

CUORE cryostat (V)

Building a cryostat

The production, cleaning and assembling of the
CUORE cryostat has been a challenge for
engineers and companies, given the selection of
materials (e.g. copper is not engineers favorite
material to design 6 m3 wide vessels-vacuum
tight).
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Infrastructure

Assembling an expe

riment
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Noise Suppression

PT phase cancellation

! Attenuation of Pulse tube induced vibrations:

Channel

(1) Switch to Linear Drives to control PT motor heads ->
reduce temperature variations on the Mixing

Chamber
(2) PT phase scan to find the phase configuration that

| B ths PT hdiced Gl
Cryogenics 93 (2018) 56-65
arXiv:1712.02753

Example of the PT (5]
induced noise for
three different PT
phase configurations
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Future Plan

Crystal testing
(2020-2021)
6-12 natural crystals

—_-

CUPID-CJPL demonstrator
(2021-2023)
10 kg, 36 enriched crystals

=

CUPID-CJPL-200/1T
(2023+)
>1000 enriched crystals

» 10 kg prototype experiment

- demonstrating CUPID techniques using Chinese crystals at CJPL
» 200/1000 kg experiment

- fully cover neutrino IH mass region

» Extensive physics to be explored:

Axion / Light DM/ CPT test
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Review 1

T AT X IS RS T T B R A T B SUR BB B T [, A
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Review 2
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FRIFHLSEEG =, A AR (R A RS A DU 18 132 H IRIR i E R 28 LI /s Yo i
B, ZI1omKk{KEIFE. AELT0.001count/keV/kg/year. BEE D HERILT
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F-#Mo-100 ovbb ] R & iA E frdist/K-F, Rk 2 K ElovbbiE 2R SEI0 By
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Review 3
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Review 4
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B2 H FMRIE S A B AR Z2 L /R TEEENL. #id10kg 100Mo E FEZ85% A K
= AR R AR TELOmK{RIE I 3B T - RACEE R L, SLPL100Mo Ovbb 3
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AL BERL, A<7KF4RT°0.001count/keV/kg/year, &3 HE fr RIS E eiHKF-
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Review 5
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BAR, HFHMEE R EERIRN RN, A2 10kgEE100Mo E £ ZEF
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FEHL T | SRR A R F AR AL Rl kL, 154 K E4R F0.001
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Review 6
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Review 7
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Enrichment in China ?

At a recent meeting with Institute of Physical and Chemistry
Engineering Regarding Se-82 and Mo-100 enrichment:

To build up a facility with production capability of 100 kg/year
~ $10M investment !

This is an issue that we have to work out .
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