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Double Beta Decay (2v8p) 2
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Neutrinoless Double Beta Decay (0vgp5) 3
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The CUORE experiment 4

Cryogenic Underground Observatory for Rare Events

O 988 TeO, crystals operated at ~ 15 mK with natural *°Te

abundance
O  Low background index ~ 102 counts / keV / kg / yr
0  Background energy resolution ~ 7.8 keV FWHM @ QBB

O  Sensitivity goal T, , ~ 9 -10% yr with 5 yr of active time

WI m
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Bolometric technique

Particles release

Phonon production
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CUORE data taking 6

Data releases:
@Adams, D.Q. et al. (CUORE Collaboration) Nature 604, 53-58 (2022)

— [ Total TeO, exposure @D. Q. Adams et al. (CUORE Collaboration) Phys. Rev. Lett. 124, 122501
300E==" pumm Analysis exposure (before cuts) [2) . Alduino et al. (CUORE Collaboration) Phys. Rev. Lett. 120, 132501
600 == Cryogenic maintenance
1400 E—
1200 E—Nature 2022 (1038.4 kgy)
1000 ===
800 E—
600 E—
100 [ RL 2020 8725 ky)
200 E—PRL 2018 (86.3 kgy)
Dec-2017 Dec-2018 Jan-2020 Dec-2020 Dec-2021
0 Data collection started in May 2017 Downtime
10.4%
O  From March 2019 stable data taking (90% uptime) 70.7% B Physics
O  October 2022 — reached 2 t -yr (total exposure) 7% M Calibration
O  Average data collection rate ~ 60 kg yr / month 172% [0 Set-up
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https://doi.org/10.1038/s41586-022-04497-4
https://link.aps.org/doi/10.1103/PhysRevLett.124.122501
https://link.aps.org/doi/10.1103/PhysRevLett.120.132501

CUORE energy spectrum 7

0  TeO, Total exposure: 1038.4 kg-yr @ FWHM at QBB: 7.8(5) keV
O '3Te Total exposure: 288.4 kg-yr @ ROl background index: 1.49-1072
O Q.. :2527.5 keV counts/(keV-kg-yr)
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Ovpp fit results

Region Of Interest model

 Linear background

O  0vBp peak at the expected Q-value

it (with
mprio) | No evidence for Ovgg

inned an ifo
%’Q‘W T >2.2-10% yr (90% C.1.

O  %°Co gamma peak @ 2505.7 keV
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https://doi.org/10.1038/s41586-022-04497-4

Ovgp fit results (2) 9
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CUORE background model
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detector geometry
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Propagate the 62 % 1 | H 30
contaminants (f/y + | & G -
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Smear the detector
response feature with
the Geant4 output

MCMC binned Bayesian fit of the
generated simulations to data with JAGS
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CUORE results on *°Te 2vgp 11

5 K —— CUORE data, M, (300.7 kgey)
1%0Te 2vpBp Fit reconstruction
B W, Fit reconstruction

SPECTRAL FIT 10°

a  3%Te 2188 component from

208Tl

background model fit to > *1*Bi
single hits (M1) data 2 o
O 'Te2vgs>50%ofevents 3 F
in the 1-2 MeV energy region c
10 =
SYSTEMATICS =
Q2 model (SSD vs HSD) =
QO %Srinclusion (high ' scl)o - 1o|oo 1500 2000 2500
correlations) Energy (keV)
[  Detector geometrical splitting U +0.08 +0.12 20
[T1/2 = 7.717;0¢ (stat) "5 (syst) x 10 yr]

@ Phys. Rev. Lett. 126, 171801 (2021)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.171801

Conclusions and perspectives 12

[ CUORE demonstrated the feasibility of a tonne-scale experiment operating
cryogenic detectors

0 CUORE is collecting data since 2017, accumulating ~ 2 tonne - yr of TeO, total
exposure

O No evidence of 0vggin "*°Te with 1038.4 kg -y exposure:

> [T%, ,> 2.2:10® yr (90% C.1.)

> |m < 90-305 meV (90% C.1.)

O Most precise measurement of 3Te 2v48:
>[T§72 = 7.711098 (stat) T012(syst) x 1020 yr]

O Next-generation experiment CUPID in preparation
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CUORE infrastructure

ﬁ Pulse tubes 1 ’ |
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Dilution refrigerator with 4uW @
10 mK cooling power
@ Cryogenics 102 (2019) 9-21

Radiopurity and mechanical stability

constraints

Located @ LNGS underground labs,

3600 m.w.e., for a low muon flux

External decoupling system for
vibration isolation

Pulse Tubes noise active

cancellation system + linear drives . F

@ Cryogenics 93, 55-56 (2018)
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Main Support Plate

Minus-K insulators

Cryostat

Concrete beams H,BO; panels

Sand-filled columns Polyethylene
Concrete walls

Borated

Screwjacks polyethylene

Movable platform

Seismic insulators

B NoLD @ 9462+ 0.118) mK
LD @ (9.407+ 0.092) mK

LD + Stab. @ (10.983+ 0.074) mK -
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https://www.sciencedirect.com/science/article/abs/pii/S0011227519301031?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0011227517304460?via=ihub

Analysis chain

Thermal gain
stabilization

Trigger events
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Analysis chain 17

Convolution with
|:> Blinding Total efficiency A Region Of
evaluatlon response Interest fit

Total analysis efﬁciency (data) 92.4(2)%
Reconstruction efficiency  96.418(2)%
Anticoincidence efficiency  99.3(1)%
PSD efficiency 96.4(2)%

. . 1.8
Containment efficiency (MC) 88.35(9)% . oo
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Other studies 18

Ov - 2v on 3%Xe excited states B*EC of '2°Te e 5
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[ Eur. Phys. J. C. 81 567 (2021) [£) Phys. Rev. C. 105, 065504 (2022)
OvpB of 12Te [ arxiv:2205.03132 Sub. to PRL CUORE thermal response
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https://link.springer.com/article/10.1140/epjc/s10052-021-09317-z
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.065504
https://arxiv.org/abs/2205.03132
https://arxiv.org/abs/2205.04549

CUPID: Cuore Upgrade with Particle IDentification 19

Heat bath

—— mhermaiink  HEAT + LIGHT DETECTION

——————> Thermometer

NTD-Ge
thermistor

O  New Sp source: %Mo
(Qﬁﬁ~3035 keV)

Scintillating crystals to
exploit heat and light channels
— 99% a/p discrimination

—> Absorber 0

Light

~ Detector 0  New detector frame design
% o 12F5 g
Heat bath § 2} Eur Prys. . c 82, 810 (2022)
CUPID SPECIFICATIONS E " '
— 0.6F
O  High energy resolution (~5 keV) ot

e
~

& ~ 1600 Li,MoO, crystals operated at ~ 10-20 mK
[  Same cryogenic setup of CUORE

o

LB

— Explore the entire inverted hierarchy region =
Energy [keV]
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https://epjc.epj.org/articles/epjc/abs/2022/09/10052_2022_Article_10720/10052_2022_Article_10720.html

