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nucleus emits two electrons but no neutrinos
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Experimental signature: mono-energetic BpR
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Neutrinoless double-beta clecag

Experimental sensitivitg: (backgrouncl limitecl)
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| The modern Ovpp experiment rec]uires:
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Large exposure M X t (big mass, long
life-time)

High a (isotopic abundance)

Sma” b (Verg IOW bac‘(grouncl iﬂ the
RO

Small AE (goocl energy resolution)
High detection eﬁqciencg e
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Crgogenic calorimeters

o Excellent energy resolution: <0.5%
FWHM in the RO Science 390,1029-10%2 (2025)

— Cu frames
I

o High detection egﬁciencgz source = R vt
Au fwires+PTFE support:

detector aPPro.ach

o Easilg scalable via use of detectors

arrags

e Flexible in the choice of materials
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https://www.science.org/doi/10.1126/science.adp6474
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| The CUORE [ xl:)erlment

C ORE | CUORE (Cryogenic Undcrgrouncl Observatorg for Rare Events)
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o 10Te as Ouff candidate (Qpp = 25275 keV)

o Arrag of 988 Te); HxHx) cnp detectors
(750 ¢ each) arrangecl in 19 towers with 1%
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| CUORE INGS location INEN'

Laboratori Nazionali del Gran Sasso

. CLORE exPeriment oPeratecl

unclerground at Laboratori

THE A, B AND C OF GRAN SASSO

Gran Sasso

Nazionali del Gran 5asso, H:alg

Experiments at the Gran Sasso National Y E‘agfr'l‘:(')r ;
Cl h Laboratory are housed in and around three . . d '
(average epth ~ 5650 mWC) huge halls carved deep inside the mountain,
3 where they are shielded from cosmic rays
! by 1,400 metres of rock. !
3 o uflux:310-8 u/s/cm2
CRESST P |
o nflux: 410-6n/s/cm? <10 MeV CUORE| GERDA o 3800 m.w.e.
!
oy flux: ~ 0.7 v/s/cm2<? MeV . |
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3 Astroparticle Physics 34 (2010) 18-24 :
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https://www.sciencedirect.com/science/article/pii/S0927650510000794?via=ihub

B e e S

e Sl s & Badgi S PR et g KR iz

B s &

fin o T i i,

T Dilution Pulse R ;
5 [V | Unit g 1 ‘ e Custom-made drg dilution refrlgerator
o5 Pulse—-tube coolers
300K ; t‘
. R ¥ e Stect cryostat material selection and cleaning
40K — — Outer }
> =iy Vacuum to achieve lowest Possible backgrouncl _
4K e Chamber
Still * Base temperature ~6.9 mK |
Inner , !
Heat Vacuum | o Large exPerimental volume ~ 1 m> ;
EXchan. Chamber ‘,
Mixing | e Total cryostat mass: ~ 50 ton (including7 O
Chamber Top : : 3 ;
Lead of lead for passive shxeldmg |
SUORE e 15ton cooled below 4 K
etector
Tower
Support | @ Hton cooled below 50 mK
Plate ‘ 3
| e Almost10 years of oPeratlon at base
Im Internal |
AN teml:)erature
Shield |
" f’.
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Y- beam ) ]
Minus-K 3

isolators .
Main Support Plate

Cryostat

Concrete

Sand-filled columns beams

3

External lead §
shielding (~70 tons) t;
|

H3BO; panels

Polythylene

%
Concrete é

Screw jacks walls

?

Movable platform "

Seismic

: ¢ . insulators ]
R —-«Wf

J. Low Temp. Phgs. 19%. 867-875 (2018)
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. Passive shielding and support system
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e Ancient Lead: b gk 4K (bottom/ sides) for low internal activitg.

o Modern Lead: 2 t at 50 mK (tol:)) against overhead radiation.

e lLeadOuter Layer: 70 t, 25 cm thick against ambient Y-rays.

e Neutron Shield: Polgethglene & boric acid Panels on a movable Pla’ncorm.

ORE experiment
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https://www.sciencedirect.com/science/article/pii/S0011227519301031?via=ihub
https://link.springer.com/article/10.1007/s10909-018-2054-5
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Vibrational Noise Contro

. * Noise sources: cryogenic system, anthropogemc actvities,
environment (microseismic, earthquakes, and sea swell motion) |
| ® Cigogenic detectors are extremelg sensitive to vibrational noise
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e Pulse Tube crgoco_olers (PT) are the dominant source of noise in the
signal bandwidth (0-20 Hz) —> we developecl a system to tune the

relative Phases of the Pls, minimizing their induced noise

P e RS s
®

Software clenoising is used to further suppress PT and seismic noise

N our cletector measurements

i T Jan. 2019 - 31" May 2023: Seasonal modulation Average ANPS Before and After Denoising ¢ |
- : 3 - :
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https://www.sciencedirect.com/science/article/pii/S0011227517304460?via=ihub
https://www.nature.com/articles/s42005-025-02484-5
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Data~tal<ing started in 2017

Nearlg a decade of stable crgogenic oPeration at 11-15 mK with >99% active detectors

907 ton: yr of raw Jel); exposure accumulated (bemcore analgsis cuts)

¢ LIORE clata~ta|<ing

CUORE main Phgsics program completecl on June 9, 2026

A benchmark for future |arge~5ca!e crgogenic exPeriments

- Exposure Accumulation - Total

Science 390,1029-1032 (2025)

o

‘ Vlaclgslav Berest

Dec-2017 Jan-2020 Dec-2021

Jan-2024 Dec-2025 ‘

CUORE Run Time Breakdown ‘ t

Physics (50.2%)

Maintenance (24.4%)

Current status and the latest results from the CU

Calibration (12.0%)

DR — - -

ORE experiment
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NPulses (0.5%)

Setup (1.7%)

Optimization (11.2%)
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CUORE Detector Performance

eExposure ~2 ton-yr
e Data analgsis of the 3rd

Science 390,1029-1052.(2025)

° Currentlg analgses
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Pencormance stabllxtg on a gcar&-long

e Excellent crgogenic calorimeters
timescale

o Energy resolution

0.024 keV
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https://www.science.org/doi/10.1126/science.adp6474
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e Base cuts: trigger, energy reconstruction, Pile~up

e Anti-coincidence (AC): onlg sing|e~cr95ta| events

counw/(2.5 keV)

e Pulse shape discrimination (PSD): onlg signa|~li|<e events
e Total analgsis cut eﬁqciencg: 9% 4(18) %
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=002

B Base cuts
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Base cuts + AC + PSD
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e Several sequential analgsis cuts (analgsis threshold =40 keV): Science 390,1029-10%2(2025)
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https://www.science.org/doi/10.1126/science.adp6474
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e Unbinned Bayesian fitwithTy, > 0

CUORE »0Te Ov2b search results

L R

Science 390,1029-10%2(2025)

8 & Decayrate limit: _
Ty, < 2.0 X 1072/yr (90% C.1)
e BOTe Ovpp clecag half-life: _

CUORE (2 tonne-yr) I ‘

Inverted Ordering

£ 2 oX 10y 0% ) ER ;

| e Median exclusion sensitivity from 10+ toy MC E
j ’ . 5 17 — ;_'.
3 51 . ] ] i
experlments In backgrouncl onlg hgpotheas. %
s yr (90% C.1.) {

| — 0vpBp half-life limit ”_____."1_'_._“2‘_\1* — g

£ 250 | - — Exclusion sensitivity || :

g 200 I | Assuming the exclﬂange of a llght Meyorana Visy

5 1501 | i : , , i

5 > } the limit on the effective Majorana mass with 2 E

2 100 , &

E } tonne-year of data of CUORE is: :

50— B

| 2

A 9 |

0 2'0 4'0| 6|0 810 1(')0 150 mﬂﬁ <70 250 meV (90[) Cl)

90% C1I.limit on T}, (10°* yr) é
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https://www.science.org/doi/10.1126/science.adp6474

%
4 CUORE 7%0Te 2v2b results
: o A rObUSt bac‘(grouncl moclel wWas Reconstruction 1 2v spectrum :
, I3 Background Dt £
»j cle\/elo[:)ecl using 1058 4 |<g~9ear of TeO, R = ‘ g
, exposure, valiclating the clcsign E | 5
j background Projections Z \ i
i e This model enabled the most Precise § .
A : ;
; measurement of the 130Te 2948 half-life: }
1 : .S 2 1!
o +0.05 +0.07 20 K= g

3 T, = (9327 gustat™ ) grsyst) X 1077 yr = W— ;
| = ol
- ' ' ' | |

: 500 1000 1500 2000 2500 :
e The 2vpf c]ecag sPectral shape was also Encray [keV]
3 , el DR —— «’———-——4 :
: stuclled, conﬁrmmg the Prfnccrence for the
‘; : , Phys. Rev. Lett. 135, 082501 (2025) |
| Slngle State Dominance (SSD) model. “’
| Phys. Rev. Lett. 110, 052003 (2024)
‘
! |
: :
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https://journals.aps.org/prl/abstract/10.1103/jdhf-hn4l
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052003
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Othéf’ rare event searches

o 287e Oupp decag to grouncl state
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o H0Te clec:ag to Ist excited state
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https://link.springer.com/article/10.1140/epjc/s10052-021-09317-z
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.222501
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—+— Data - 29.4 kg yr
Model
Linear Background
Te x-rays at 27 keV
Te x-rays at 31 keV

== MAJORANA A LSD
—— This Result: 90% Excl.
—-.- MACRO 1 90% Excl. 20
+ Kamiokande-1l ~WEE 90% Excl. 10

Counts/0.2 keV
FCP Flux, ® (cm~2s~1 Sr~1)

10!
Inverse Fractional Charae.

0
0

0022724 26 28 30 32 34 36 38 40

Energy [keV]

CUORE: ¢y,
LVD (2019)
) Borexino (2019)
=== Pcombined BN ®coms. = 1[0, +"§y-¢. MACRO (2003)

BN ®coms. + Ostat. A Flux per Dataset MUTEv3 Code
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Current status (Preparing for CUPID)

TOP ACTIVE SHIELD:
dual-purpose water Cherenkov detector

CRYOSTAT UPGRADE:
new Pulse Tubes

I e CLIORE IS currentlg unclergoing
advanced mechanical decoupling ) technical runs and will be warmed up

AW TIN5

" - AR AT AT T Vg

for muon vetoing and neutron moderation
\ Q. in late fall. i;
e > - :

2 a |, 3! .1 3 X
G T | ® The CUORE detector array will }

g ‘ remain in Place; will be cooled down 5

‘5 ’ again to validate the PerFormance :

- ¢

g imProvements after the crgostat ‘i

¢

- ngrac]e and the installation of [

: : 3
‘ ?:;Biﬁfé"c"i’”‘;“’g" bottom and lateral muon veto. t
'? BOTTOM/LATERAL ACTIVE SHIELD: bolometers Z . ':
- plastic scintillators as muon veto READOUT+DAQ o SUBSC UCﬂtI thC top active Shleld
and additional neutron moderator EVOluthh of CUORE design CI 9) P : X

B — R ‘ﬁws_______l the upgraclecl reaclout) and the |
CUPID detector array will be
installed.

£
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Summarg

CUORE is the argest and longest oPerating double beta cleca9 experiment.

CUORE is the first experiment to demonstrate the stable oPeration of a

tonne-scale millikelvin crgogenic calorimeter over nearlg a decade.

After analgzing 2 ton-yr of TeO, exposure CUORE set the most stringent
limit on BoTe Oup:

b B 3510y (P0% 1)

e mgs <70 — 250 meV (90% C.1.)

o b= 1.42J_r8:83 a0 counts/(kev-kg-gr)
CUORE has successgu”g completecl its Phgsics program: the data analysis
is still ongoing with new results exl:)ectecl soon.

After the infrastructure upgracle) CUORE 1s expectecl to iml:)rove the
measurement e%’ciencg at low energjes, enabling Precise c:la’ta~qualit9

control across the Fu” energy range.

: \/laclgslav Berest Current status and the latest results from the CUORE experiment
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Thank gou!
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