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Double Beta Decay (2vBp)

» Same mass number (4), changes the
nuclear charge (Z) by two units.

Odd Mass Number Even Mass Number

» 24 order weak transition, allowed by
the Standard Model.

» Decay to the intermediate nucleus is
forbidden.

» Only even mass number nuclei.
» Half-lives in the order of 1018~10%% yr.

Nuclear Mass
Nuclear Mass

N, 7 odd

» Two-neutrino double beta decay (2vfpB)
candidate isotopes:

> 48Ca’ 76Ge, 8258, 96ZI', 100M0, 116Cd, 124SD,
128Te, 130Te, 136X€, 150Nd
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Neutrinoless Double Beta Decay (0vBp)

Electron

¢

» Beyond Standard Model process
» Lepton Number Violation (AL = 2)

Neutron Proten
» Constraints on neutrino mass hierarchy and ¢

Scale l Nucleus
d e Y Total electron energy Qas |
» Hint on origin of matter/anti-matter et
asymmetry
phase space effective isofopic detector measuring
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CUORE experiment

» Cryogenic Underground Observatory for
Rare Events

» In operation at the Laboratori INmFﬁsN

Nazionali del Gran Sasso, Italy Jmeia

» Main objective: observe 0vBg in **“Te

» The CUORE detector is hosted in a cryogen-
free cryostat

» Operating temperature ~ 10 mK

» Designed for low radioactivity and low
vibrations environment

» Energy resolution: goal of
5 keV at Qgp (2527.5 keV)

» Low background: goal of
1072 counts / (keV - kg - yr) at Qgg
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Cryogenic Bolometer

Detector mass » Reproducibility

Energy resolution » Background level
Bolometers must be operated at low temperatures.

By VvV Vv

The thermal sensor is a Neutron Transmutation
Doped (NTD) Ge thermistor, which is sensitive to
temperature variation.

» Thermistor
Heat bath ~10 mK / (NTD-Ge)

Absorber Crystal
(TeO2)
., Detector response

Thermal coupling release -
(PTFE) v



Data collection

» Data taking started in 2017, with first 2 years for
cryostat and detector optimization

» Stable data collection since 2019, with =

Exposure (kg-yr)

— BB Exposure Accumulation - Total

®

Science 390,1029-1032 (2025)
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Alduino, C. et al. (CUORE Collaboration),
Phys. Rev. Lett. 120, 132501 (2018)

Adams, D.Q. et al. (CUORE Collaboration),

CEMAMSIINE @ o1, o Ry otr. 124, 122501 (2020]
» More than 3.1 ton-yr of raw exposure accumulated

®Adoms, D.Q. et al. (CUORE Collaboration),
Nature 604, 53-58 (2022)

@Adoms, D. Q. et al. (CUORE Collaboration),
Science 390,1029-1032(2025)
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CUORE Run Time Breakdown
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» Bayesian limit: 77/, >3.5-10% yr
2 ton - yr eXposure @ 90% C.L

180 —— Best fit

Adams, D. Q. et al. (CUORE Collaboration), 160 - 90% C1 limit on T,
Science 390,1029-1032(2025)
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Background model results

> Full fjetgctor gef)metry clyle Adams, D.Q. et al. (CUORE Collaboration),
particle interaction Phys. Rev. D 110, 052003 (2024
Implemented in Geant4

» Geant4 OUtpUt pOSt' | Data [ 1 Close parts
processed to include 1 1 Shields [ Crystals

detector response

» 62 simulated sources
(bulk, surface, muons)

» Coincidence events used to
constrain source location

» JAGS-based MCMC binned
Bayesian fit
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Shihong Fu - 12th Astroparticle Physics Science Fair 2025/2026: Underground Physics, February 12th, 2026


https://doi.org/10.1103/PhysRevD.110.052003
https://doi.org/10.1103/PhysRevD.110.052003
https://doi.org/10.1103/PhysRevD.110.052003
https://doi.org/10.1103/PhysRevD.110.052003
https://doi.org/10.1103/PhysRevD.110.052003

2vBB decay measurement

——— Reconstruction 1 2v spectrum
i Background ¢ Data

» %Te 2vBp component from background
model fit to single hits (M1) data

» 39Te 2vBB > 50% of events in the
1~2 MeV energy region

Counts / keV

» Spectral fit
» T = 9.321305(stat.) X507 (syst.) x 1020 yr

<
e

S
T
=
<
-

» Most precise measurement of *’Te 2vpp

500 1000 1500 2000 2500 decay half-life to date

Energy [keV| Adams, D.Q. et al. (CUORE Collaboration],
Phys. Rev. Lett. 135, 082501 (2025)
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Exploring the keV-scale s 5567513 hoer =2
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Counts /2.5 keV

130Te BB to first 0+ excited state
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Phys. Rev. Letf 2R i)

Adams, D.Q. et al. (CUORE Collaboration}; Adams, D.Q. et al. [CUORE Collaboration),

Eur. Phys. e e N e |

Phys.Rev.C 105, 065504 (2022)
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Other searches 15

Correlations between CUORE
low frequency noise and sea waves

—1 Top-floor detector
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Phys. Rev. ettt oo N IR Aragdo, L. et al., Eur. Phys. J. C 84, 728 (2024
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What's next?

» CUORE phase-I (current) » CUORE phase-lI » CUPID (CUORE Upgrade
» Run up to mid-2026 » Cryogenic interventions with Particle Identification)
> Reach > 2ty e N, S oo
1ton-yr *3°Te exposure sptudies 9y e
(largest ever collected for » avs B/y and BB pile-up
130Tg ) » Plan to resume data- rejection using light
: taking in 2026 signal

» Room for multiple rare
events searches with » Background: goal of
high statistic, optimal 10~* counts / (keV - kg - yr)
energy resolution and » Energy resolution: goal
low background of 5 keV at Qg

)
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CUPID

> C U O RE U pg ra d e Wlth Scintillating Bolometer Particle Identification
Particle IDentification | ovp

» %Mo 0vBp decay candidate: = :
> Q.B.B ~3034 keV

Bly EVENTS
» New detector technology: Absorber . Release

Thermal

EVENTS
Sensor \

LIGHT SIGNAL

S

=
M
=

;
<
=~

HEAT SIGNAL

» scintillating calorimeters @B Tower Arrangement
» Scintillation light; : e
» >99% a/P discrimination
» ~1600 Li,MoO, crystals
» High energy resolution (~5 keV)
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Proposed thesis topics E

» Data Analysis and Processing
» List of the possible analysis in CUORE (excited states..., on 3 ton - yr data)
» Background model and sensitivity studies
» Search for Beyond Standard Model processes in CUORE
» Discovery Potential for Supernova Neutrinos
» Dark Matter searches
» Development of algorithm for pileup-rejection in CUPID
» Pulse shape studies for alpha tagging in CUPID
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Conclusions

» CUORE demonstrates the feasibility of a tonne-scale experiment employing cryogenic
bolometers, for the search of the 0vBB decay and some other rare events.

» A raw exposure of more than 3.1 ton-yr TeO, has been achieved as of today!
» The data-taking is proceeding with = 85% uptime.

» CUORE released physics results of **°Te 0vpp decay, utilizing 2 ton-yr TeO, data.

» No evidence of 0vBf decay with observed data. T >3.5- 1025 yr @ 90% C.I
» Bayesian 90% C.I. limit.
» CUORE obtained the most precise half-life T2}, = 9.32+39% (stat.)* 3.7 (syst.) x 1020 yr

measurement for the 2vpp decay of “*“Te.

» CUORE will continue to take data until it reaches **°Te
exposure of 1 ton - yr, /e, 3ton - yr TeO, exposure.

» Thanks for the unique feature of allow deployment of fe[¥e]:]=
different isotopes by using the same infrastructure.

CUORE Upgrade with IR

Particle IDentification
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300 K plate
40 K plate

4 K plate

Still (600 mK)
HEX (50 mK)
MC (10 mK)

Top lead shield
(@ 50 mK)

TSP (~ 10 mK)
Side Roman lead
shield (@ 4 K)

Te0, Detectors

(@ 10 mK)

Bottom lead
shield (@ 4 K)

CUORE Cryostat

Custom-made dry dilution refrigerator
1.5 t of material at base temperature for ~5 years!
5 pulse-tube refrigerators (1 spare)

» Relative phases tuned for noise cross-canceling
6 nested vessels at decreasing temperatures
Low-temperature lead shielding

» Modern lead on top of detectors to suppress y's
from cryogenic components

» Side Roman lead shielding to suppress external y’s

742 kg TeO, detectors, 206 kg *°Te (34% natural
Isotopic abundance)

988 crystal bolometric array

arranged in 19 towers with 13 floors each, 52 5 x
5 x 5 cm?® TeO, crystals per tower



Detector performance s s —

» Peak lineshape:

» Reference *°°TI gamma peak at 2615 keV
from calibration data

» Fit model:
» Multi-Gaussian response function
» Multi-Compton background i st
Reconstructed energy (keV)

» Flat background
» Coincidence/escape peaks

» Fit at channel-dataset level

—
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» Energy resolution at 2615 keV
» FWHM = (7.540 + 0.024) keV

» harmonic mean - exposure weighted Dataset number
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OV,B,B decay results Adams, D. Q. et al. (CUORE Collaboration),

Science 390,1029-1032(2025)

» Resolution scaling

Mean tower exposure (kg-years)

Normalized exposure

May 2017 Nov 2019 Sep2021 Mar 2023

Probability distribution

BI (counts keV™"' kg™ yrl)

> B aye S i a n | i m it: T10/1/2 > 3 . 5 . 1 O 2 5 yr Timzos(i)nce Commelr?c(‘)e?nent of datla5 ?a(l)(ing (days)2000

@ 90% C.L » Bl: (1.421095) - 1072 counts / (keV - kg - yr)
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Laboratori Nazionali del Gran Sasso - Italy

®m DULsin EU
A other DULs
® newDULs

. National
. kaboratory
»

THE A, B AND C OF GRAN SASSO A Grnsasso

Experiments at the Gran Sasso National
Laboratory are housed in and around three
huge halls carved deep inside the mountain,
where they are shielded from cosmic rays
by 1,400 metres of rock.
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Rome

3 Adriatic

Equivalent depth under flat surface [km w.e.]

» 3600 m.w.e. deep

» M ~3x108/(s cm?)
— 106 less than above ground

» y: ~0.73/(s cm?)

» neutrons: < 4x10° n/(s cm?)
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The cryostat performance
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Adams, D.Q. et al. (CUORE Collaboration), Nature 604, 53-58 (2022)
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