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Neutrinoless double beta decay

45005
« Double beta decay (2vBpB): p Ca
4000 —
« Observed on a small number of even-even
: 35001 7r g
nuclei > s
. Y3000 Sce
« Half-lives ~1018-102% yr L oy,
. 'CE; 2500:— 1:4511. o Xe °
* Neutrinoless double beta decay (OvBpB): 2000 oGe
 Beyond Standard Model process, never 1500~
observed 1000% e
. Leptop number. violation (AL = 2) | L Y Y S
« Experimental signature: peak at 2vBp endpoint Isotopic Abundance [atomic %]

« Requires ultra-low background, excellent
energy resolution, high source mass
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CUORE

Cryogenic Underground Observatory for Rare
Events

Main objective: search for OvBp in 130Te

« Above most natural y backgrounds, with the
exception of 208T]

988 cubic TeO, crystals
« Natural Te (~34% A.I. 130Te)
« 742 kg TeO,, 206 kg 130Te

Thermal detectors in a cryostat @10mK
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Cryogenic calorimeters

CUORE

Heat Sink =——9

Signal readout with an NTD Ge sensor

[F8]
]
=]
o

~4— (Copper Holder

Voltage (mV)
e
W
S
=]

Weak Thermal
. |
Coupling
2000
Absorber NTD Ge Sensor 1500
Crysta] —— | (Thermometer)
(TeO,) - 1000
500
0
Incident
Radiation

S.Pozzi - IPA2022 - Wien, Sep 05-09 2022

Need to work at extremely low temperatures: C(T)xT3

Energy deposition converted into a temperature increase: AT «< E/C(T)

Heat dissipated to the Cu holder; base temperature restored in a few seconds

C(T) o T

R(T) = RoeV /T
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The CUORE cryostat

CUORE

Dilution Unit Y-Beam

Pulse Tube

Outer Vacuum Chamber
OVC (300K)

OVC plate
40K plate
IVC plate

Still plate Radiation Shield (40K)

Inner Vacuum Chamber
IVC (4K)

MC plate R
Still Shield (0.6-0.9K)

Lateral Pb shield

Mixing Chamber Mixing Chamber Shield (0.01K)

Top Pb shield
OVC shield

Detector IVC shield

988 TeO,
crystals

Custom-made dilution refrigerator,
capable of stable operation at ~10mK

Nested copper vessels at decreasing
temperatures

Ultra-pure materials used in the whole
assembly, with special attention for
parts facing the detector
Shielding:

« 25 cm modern Pb @300K

« 6cm roman Pb (low 210Bi/210Po)
@4K

« 30cm modern Pb @50mK
« 20cm borated polyethylene @300K
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CUORE data-taking

CUORE
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Data taking started in 2017

Optimization campaigns improved
the stability of the experiment

Stable data taking with >90%
uptime since March 2019

>1.8 tonne x yr accumulated raw
exposure

Data splint in datasets (1-2
months), with initial and final
calibration runs

CUORE Run Time Breakdown

CUORE Preliminary

12.8% 11.1%
[ Background [T Calibration
[ Down Time [ NPulses
[ Setup [ Test
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https://doi.org/10.1103/PhysRevLett.120.132501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.122501
https://www.nature.com/articles/s41586-022-04497-4

Ov[B search

CUORE
- Total exposure: 1038.4 kg yr TeO, * Qpp : 2527.5 keV
« Selection efficiencv: 92.4(2)%  Enerav resolution @0..: 7.8(5) keV
10°
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Ovpp fit result
CUORE
« Unbinned bayesian fit of the ROI (2490-

110

> Best fit (global mode) 2575 keV)
2 B S 90% CI limit on T, ]
ol 90? Fit without OvBf} component i Llnear baCkg round
g CUORE » 60Co sum peak @2505.7 keV
8 60; alev21%Zp§gggz-ll(\)lsaful:§g{)4, 53-58 o Sig nal peak @QBB
50 « No evidence of 130Te Ov
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OvpB[ sensitivity

CUORE
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Energy 2 (keV)

CUORE background model

JAGS Reconstruction - M1
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CUORE

CUORE background model:
combination of Monte Carlo
simulations to match the observed
spectra

~60 simulation sources
(combination of source volume and
radioisotope) , processedto match
detector response: resolution,
efficiency, timing, ...

Binned MCMC Bayesian fit

Target spectra:
« M1 - single crystal events

« M2 - simultaneous hit on two
crystals
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2V[B[B measurement

CUORE
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Adams, D.Q. et al. (CUORE Collaboration) Phys. Rev. Lett. 126, 171801 (2021)
_ https://doi.org/10.1103/PhysRevLett.126.171801

Background model based on the
second data release (~300 kg yr)

Partial energy range (only up to
2.7 MeV)

« Ignore alpha contributions,
irrelevant for 2vpp

Not used to estimate other
contaminations
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https://doi.org/10.1103/PhysRevLett.126.171801

Counts/keV

2V[B[B measurement

—— CUORE data, M. (300.7 kgey)
13%Te 2vp Fit reconstruction
B M, Fit reconstruction
208-—1-1
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CUORE

Systmatic uncertainties:

= 2v[3B model (SSD-HSD)

Energy threshold (300-800 keV)
Detector geometrical splitting

90Sr inclusion in the source list
Stability during data taking

T, = 7.7113 0 (stat. ) ¥ 12 (syst.) 1020 yr
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Counts / 2.5 keV

Decay to excited states

CUORE

130Te decay to the first 0+ excited state of 130Xe

T% > 5.9 % 10 yr (90% C..1.)
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Adams, D.Q. et al. (CUORE Collaboration) Eur. Phys. J. C 81, 567 (2021)
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Other rare decay searches

CUORE

128Te OV
TPP (128Te) > 3.6 x 10%* yr (90% C.1.)
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3 Adams, D.Q. et al. (CUORE Collaboration)
: https://doi.org/10.48550/arXiv.2205.03132
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3 Adams, D.Q. et al. (CUORE Collaboration) Phys.Rev.C 105 (2022) 065504
: https://doi.org/10.1103/PhysRevC.105.065504
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Next generation: CUPID

« CUORE Upgrade with Particle Identification

« Goal: fully explore the inverted hierarchy parameter
space
 New detector technology: scintillating calorimeters
Scintillation light: >99% a/ discrimination
« ~1600 Li2ZMoO4 crystals
« High energy resolution (~5 keV)

« Robust technology, proved by CUPID-0 and CUPID-
Mo, in the CUORE cryogenic infrastructure
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Conclusion
CUORE

CUORE has exceeded 1 tonne year of exposure and continues its data taking

No evidence of OvBp decay with 1038 kg yr of data

- Bayesian 90% C.I. limit: 777% > 2.2 x 10*yr (90% C.1.)

- Effective Majorana mass limit: mg; <90 — 305 meV

Most precise evaluation of 130Te half-life to date: T/, = 7.713382(stat.)*31&(syst.) 1020 yr

Many other results on rare decays already published, and many to come

Proves feasibility of large-scale cryogenic detectors: CUPID
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BACKUP

CUORE
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CUORE background budget

CUORE

CUORE Godl
TeQ,: natural radioactivity ol
NOSV Cu: natural radioactivity #= From Cu towers
NOSV Cu: cosmogenic activation
TeO,: cosmogenic activation
OFE Cu: natural radioactivity
Roman Pb: natural radioactivity
Modern Pb: natural radioactivity
Superinsulation: natural radioactivity i e
Stainless steel: natural radioactivity i F—e—
Environmental muons _ e
Environmental neutrons 7 e 8 90% CL Limit
Environmental gammas __ - :’alue
10[‘6 10“5 IOL‘ 0.001 0.61 0.1
counts/(keV kg yr)

European Physical Journal C 77, 543 (2017)
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2V[BB measurement - M2

Counts/keV
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2VPBB measurement — M2sum

spectrum

CUORE
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2V[B[B measurement -

CUORE
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