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International Collaboration:
CUPID - Italy

CUPID - US

CUPID - France

CUPID - China

~ 30 institutes, >150 collaborators
~ 9 institutes

> 40 collaborators

CUPID-China is actively collaborating with CUPID- France, Italy and US



Outline

1) CUORE Status and CUPID Plan
2) CUPID-China Plan and R&D Status

3) Plan Towards a CUPID-CJPL Detector
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CUORE 1 ton*year Data
Nature, 604, 53-58 (2022)

I Base cuts

Search for Ovf3f3

Current Status IR
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From CUORE to CUPID

Key Technologies for the advancement:

1) Heat-light dual readout
Particle Identification of o and y background
-- remove background in the a region

2) Scintillating LMO Crystals
Mo-100 0vf3f3 Qs 3034 keV > 2615 keV 2%°Tl

Suppress background by more than two orders of magnitude



CUPID

* Since 2021 a collaboration: about 60 IT, 40 US, 25 FR, China,
Russia, Ukraine, Spain, for a total of >70 FTE.

Deploy 472 kg Li219%MoQ4 crystals (240 kg of 1°0Mo)

Exploit CUORE cryogenic facility (+ its upgrade)

* 5 keV FWHM at Qgp 3
» Background goal: 10-4 c/keV/kg/yr e ] Jeslowe
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CUPID Long Term Roadmap

CUPID Sensitivity

Baseline =
» Mass: 472 kg (240 kg) of Li2'90MoO4 (190Mo) for 10 yrs 5101 —
 Energy resolution: 5 keV FWHM 5 -
» Background: 104 cts/keV.kg.yr ? -
» Discovery sensitivity T > 1%1027 yr (30) c
» Conservative, limited R&D. Ready to build now -
Reach °
» R&D for further background reduction 0

+ Discovery sensitivity T4 > 2%x1027 yr (30) 19
1-Ton

*1000 kg of 100Mo

*Discovery sensitivity T4, > 8%1027 yr (30)

CUPID-1T is within technical reach, limited by timeline and cost
CUPID sensitivity meets goals of 2015 LRP

CUPID-CJPL plans for CUPID-Reach-like Detector



CUPID-1T Detector Options

4x250 kg of 100Mo
A “flock™ of CUPIDs around the world

CJPL — Ideal Laboratory for CUPID-1T

1000 kg of 100Mo
Single large cryostat



CUPID-China Collaboration Plan and R&D Status

1) Participate in the CUPID Experiment at LNGS
Enriched LMO Crystals — paid by CUPID
Crystal Production QA Testing
(material essay and crystal validation testing)
Contribution to filter and digitization board

(~ 1FARMBEE, ~1FARMBIEHAREFFSEIA)

2) Development CUPID-CJPL Detector at CJPL
R&D Project
Aim at sensitivity higher than the CUPID-Baseline
Timeline compatible with CUPID
International partners will participate in CUPID-CJPL too !
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Major CUPID-China R&D Project

LMO Crystal Production and Material QA
SICCAS, Ningbo and SINAP (NSFC)

Novel Readout with Transition Edge Sensor
Beijing Normal University, IHEP and others (NSFC)

Bolometer Readout Electronics and NTD Development
USTC (MOST)

Crystal Testing Lab and Prototype CUPID-Demonstrator Design
Fudan and USTC (MOST)
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Crystal R&D Future Goals

1) SFERAZNTHEEZREAEKALYE, TERBMEBEKNRENTE
2) BEXAFTREMo-100E R HE], ATEFSAREARERERGE
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TES Readout R&D
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USTC DR :
el 4 » Fudan-IMP cryogenic system

@ il '.' - - n . | m Customized cryostat system

i"_l P / Ji 1 (il J Large sample space: ®500x600 mm
e ) LE /e 2 PT (cooling power 21.8W@4.2K)
Wi Radiopure vessel (CuUOFE-C10100)
Inner shielding support (~300 kg)

USTC- BRI + 4
_— Fudan- G + 24
FHIFETRKRERE, BRES, ERWS/ITFRE 17




USTC
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o VIZIEE—ENTD-Ge/®m 2 mKIKRMEEMIX TS, 3R1EI1-V. R-THIZE
« XfCUPID 41BRFINTD-GeRH M REMIK, FRIGLERSVT USA. Orsay FranceF—E

10° 140 120 &0 . o o
@ Enlmllflllll f' :
3 —— France Test
S France Test
B 10 France Test gyt
3 E — VT Fridge i
i} .
o = USTC Test g
10 # /

: e
10° ; ; ?/
N

25 3 3.5 4 4.5 5 55

\ o 1T (K)]

NTD_41B bonding and mK test @USTC, T,=3.7 K

19



USTC readout electronics and DAQ

Front-End Design and Prototyping

e Circuit module and test_V1

Digital readout board
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Bessel Filter and Digitization Board

+12V

£2.5V +2.5V pOWEf
REF_+2.5V

+2.5V +3.3v

inputl oraer s
Bessel filter

FPGA logic level

input2 arder s
Bessel filter SPI digital
M| A07177-2400) (4| Lo | =Snar | FMC

input® oraer s
Bessel filter

input4 order s 1EMHE elock
Bessel filter e 1

Clock circuit

+3.3V

Low noise frond end electronics and read out system of NTD-Ge
- Verify the key circuit design
- lab testing/ with the detector system
- Amp part, more effort next step
- Digital part
- waiting for lab test, improvement and upgrade
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R&D direction: Vibration damping
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» R&D on the spring damping system
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R&D direction: Vibration damping

> Bolometer test run for the vibration damping performance study
 the drifting baseline tend to be stable using spring damping (k~500 N/m)




R&D direction: Module design

Different supporting structures for
small and standard size crystals



R&D direction: Crystal test

« Ground test without/with shields in the ground lab



CUPID-China Status and Plan

CUPID-China & E4H :
1) TEKBAFENLMORE, AKRKFHECUPIDELEEK
2) FUrEEAT LEKMRE KL OMORZ &

3) BREERENXTEE, BHRHEANEEESEE, BMXKEMK
AELTHFFRNIVEETYIELLEE (20234F K5 2024F %))

4) 45 IRPESKILTES RN A 3K H R G M F B F 25 R G0t

5) S 5CUPIDER AFILNGSHIERMEZE 15 ; BN ECPLAERR
CUPID-CIPLS IS & 164
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CUPID-CJPL Roadmap

<m

Crystal testing
(2022-2025) i L.LDUPI‘DCJPLD‘emorI]straI‘Of (1'0;9)"‘” %%w_‘ The next generation experiment
- 10°— [ CUPID-CJPL 200 g
6-12 natural crystals R Pvireivig :
E E inverted mass ordering l
v : mg U RN

iy e""”"ea:u”’“ Sty ”"w Py, oza"mo "ty "0

arxiv:2203.08386v2

CUPID-CJPL Demo (2026-
2028)
10 kg enriched crystals
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Measurement time (yr)

L L L]
" I\

\

1 4 i

g8
N o > 10 kg experiment
| - low enrichment
CUPID-CJPL-200/1T - demonstrate key technologies
(2028+)

» 250 kg+ experiment

> 250 kg enriched crystals - high enrichment

- probe m,, down to 10meV
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Thank You !



Central role of luminescent bolometers in CUPID

Scintillating Reflecting foil
crystal 2615 keV D/ o QF<1
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absorber
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Is there a preferred Isotope for Ovbb search?

Decay Half-lives vs Q-values of 2v3 Decay Isotopes
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Two groups of isotopes? 13%Te and 1°°Mo attractive choice !
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Candidate for Double beta Decays

Y 2615 keV from 2%8T| — major background Q (MeV) Abund.(%)

48Ca—>48T] 4.271 0.187
76Ge —76Se 2.040 7.8
JFSe>oekr 2995 [92 b
9%71r—%Mo 3.350 [2.8
<T0Mo 1Ry 3034 |96 P
110pd—y110Cd — [2.013 11.8
116Cd—116 S 2.802 7.5
124505124 Tg 2.228 5.64
<@Xe 2528 345 D
136X e—3136Bq 2.479 8.9
150N d—150Sm 3.367 5.6 34




Challenges for Ovbb Searches

~ 100 - ~ 1000 counts / y ton

mgp [EV]
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0.01
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0.1 1
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R&D direction: Vibration damping

3000F 53 CUORE
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> Lessons learned from CUORE
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--- vibration noise has non-negligible effect on the energy resolution




R&D direction: Simulation study
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» Geant4-based simulation tool developed for detector simulation
» Systematical studies performed for:

« environmental background shielding

« material radioactive background

« cosmogenic isotope production and background
W. Chen, L. Ma, H. Z. Huang et al, Eur. Phys. J. C 82: 549 (2022)




» Experimental challenge — > Sensitivity

» The next generation experiment requires
« Better energy resolution
» Lower radioactive background

Detection

Isotopic Efficiency Detector Mass

Abundance

T,% (exp) = e
172 (exp) = (In2) N, ZS

Atomic

mass Background level Resolution
(count/keV kg year)

[ Material selection ]

Vibration mitigation ]
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