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'&Y Neutrinoless double-b

CUORE

(A, Z) - (A, Z+2) + 2e°

eta decay

Decay: allowed on even-even nuclei

Signature: 2 electrons with fixed sum energy

Implications: AL=2, Majorana neutrinos
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E/Q,

Isotope  Q [keV] Half-life limit [10%° y]
“8Ca 4271 0.0058 (CANDLES)
“Ge 2039 5.3 (GERDA)
82Se 2995 0.036 (NEMO-3)
1Mo 3034 0.11 (NEMO-3)
116Cd 2902 0.017 (Solotvina)
130Te 2528 0.40 (CUORE-0)
136Xe 2479 11 (KamLAND-Zen)
150N d 3367 0.0018 (NEMO)
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'&Y Light Majorana neutrino exchange

CUORE

make some assumptions on the decay mechanism

n
— P . Adv.High Energy Phys. 2016 (2016) 2162659
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'&Y Light Majorana neutrino exchange

CUORE

make some assumptions on the decay mechanism

effective Majorana mass
(neutrino physics)

2
<mﬁﬁ>:|z,-:1,2,3 U, mj|

Adv.High Energy Phys. 2016 (2016) 2162659

decay half life

(from experiments)

Nuclear physics
(from theory)
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phase spacle

v v v, Theoretical uncertainties come into play
(TOV )-1 - G |MOV|2 <m[3|3> Notable progresses have been made in this
12 m? field in recent years
e
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Half-life sensitivity

* In most present-generation experiments the background is not
negligible, and the half-life sensitivity is given by

X | M-t
S = In(2)N,=n ———  fini
( ) AWTIS b AE finite background: M -t-b-AE>1

e Future generation experiments aim at a zero background condition

S = In(2)N,Zne M-t zero background: M- t-b - AE< 1

AW

N,: Avogadro number

M: total detector mass

x: stoichiometric multiplicity of the element containing t: measurement time

the DBD isotope

B: background index in counts/(keV-kg-y)

n: isotopic abundance of DBD isotope AE: energy resolution

€. detection efficiency

W: molecular mass of the detector compound

S. DI DOMIZIO
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2V Irreducible backgrouna

CUORE

J. Phys. G: Nucl. Part. Phys. 30 (2004) 971-981

The number N,, of 2v-DBD events in a 1
window of width AE around the Q-value j o 2vap—s ov, T, =67x10% yr
of the decay scales as 05 ] Tia =3 0x107yr |
h=0.1M [ \ewini-as M
— 0 e \ ——
,;.g 2500 3000 3500
6 Q 1
1 AE 7
N oy e Nl v, T,=16x10"yt ()
Ti/VZ Q5 5 ] Tw=zeadty T
ol £
g i \ M
LOJ 0] | h,=0'.5M~‘:"; .~ .
2500 3000 3500
' ©
i i ] 2v 26 \C
Eventually energy resolution will become ] s Oxlog“"\{@, T, =3.8x10" yr
Important also for a zero-background 0.5 "
experiments i h=M \ M
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6

CUORE

Isotopes with high Q-value are preferred

« Radioactive background is lower

- 2615 keV: end-point of nat. y radioactivity
- 3272 keV: end-point of Rn-induced radioactivity

- Background from 2v DBD scales as ~1/Q5

* No favorite isotope in terms of signal counts

per unit mass

S. DI DOMIZIO

Q-value (MeV)

(Specific) €y (Mg_l yr_l ev?)

.

Isotope choice: Q-value

Adv.High Enerqy Phys. 2012 (2012) 857016
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CUORE

Cryogenic Underground Observatory for Rare Events

CUORE

» Search for Ovf3p3 decay in 130Te (Q = 2527.5 keV)

» 988 TeO, bolometers operated at 10 mK half_“fe SenSItIVIty In 5 y

 Arranged in 19 towers S™(*Te) =9 x 10*y (90% CL)

« 742 kg of TeO, (206 kg of 130Te) Eur. Phys. J. C77 (2017), 532
« Bacgkround aim: 0.01 counts/(keV-kg-y)

» Energy resolution aim: 5 keV FWHM

Located underground at the Laboratori
Nazionali del Gran Sasso of INFN

N S ; ‘ MILAN

Cadnsand VENICE
R aﬂ{é % [ ] °

FLORENCE

Adv. in High En. Phys. 2015 (2015), 879871
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Experimental technigue

CUORE

P2

Measure the temperature rise of the absorber crystal: AT =

(@ l - Heat bath (10 mK)

%\ OFHC copper

Weak thermal link
PTFE supports

'« Sensor
*’ NTD Ge Thermistor

\ Absorber

TeO, crystal

Absorber

» Dimension: 5x5x5 cm?

» Mass: 0.75 kg

» Heat capacity: 2x10° J/K
» AT/AE ~ 10 — 20 pK/MeV

Output signal

Sensor
> R =RO0 exp[(T/T)"]

> R ~100 MQ casn il BT
» AR/AE ~ 3 MQ/MeV 5s >

100 pV/MeV

A
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Before CUORE

_ @ 4? ...............................................................................................................................................
] ) Pl o i S 5 st o s 3 X st . i it o a1
e A S|ng|e CUORE-like tower ™ g b
18- —025 2
* Operated at LNGS between 2013 and 16E- 1
hl4;— —02
2015 E 12;_ E g
« Atest of the CUORE cleaning and s Ell
assembling procedures £2e E L
......... ; 1 &
« Demonstrated that a background level i H 4 Y e
as low as 0.01 counts/(keV-kg-y) in the RN R L O N
. 2470 2480 2490 2500 2510 2520 2530 2540 2550 25 2570
ROI COUId be aChleVGd Reconstructed Energy (keV)
* Resolution: 5.0 keV FWHM at 2.6 MeV
* Also used to develop the analysis ¢ S [ Experimental (M)
techniques for CUORE il T SR N
. - g — K (Crystals
« And scientific results § F e |
10 SRR ............................ .............. ...................................................................
10 ;57//’——\ .................................
Phys. Rev. Lett. 115 (2015) 102502 = 5 3 :
Eur. Phys. J. C (2017) 77:13 1B
Phys. Rev. C93 (2016) 045503 - \ | |
JINST 11 (2016) P07009 ot (NS A SRR SRR, . . |
arXiv:1710.07459 (Te-120) 300 1000 1500 2000 2500
Energy (keV)
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CUORE projected background

CUORE

CUORE GOAL: 0.01 counts/(keV:-kg-y)

TeO:: natural radioactivity . '

CuNOSYV: natural radioactivity

CuNOSV': cosmogenic activation [

TeO:: cosmogenic activation [

CuOFE: natural radioactivity I -
RomanPb: natural radioactivity I -
ModemPb: natural radioactivity I

= R I EEm—a.

%CL limit |

SI: natural radioactivity re e '
® Value
Rods and 300KFlan: natural radioactivity e - :
Environmental p Fe "
1
Environmental n - . :
Environmental y I :
1E-06 1E-05 1E-04 1E-03 1E-02 1E-01
counts/keV/kgly

Eur.Phys.J. C77 (2017), 543
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CUORE towers construction

CUORE

ConSiSted Of 3 Steps Semi-automatic absorber-sensor coupling system

» NTD sensors
» Joule heaters for thermal gain calibration

1. Gluing

All operations performed in glove boxes to avoid radon recontamination
S. DI DOMIZIO
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S CUORE towers construction

CUORE

Consisted of 3 steps
1. Gluing
2. Tower assembly

» Copper support structure
» Teflon supports
. : , » Crystals
M il ™ > tapes for signal readout

All operations performed in glove boxes to avoid radon recontamination
S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD - DAEJEON, NOV 1 2017 13



CUORE towers construction

CUORE

Consisted of 3 steps B
1. Gluing at
2. Tower assembly
. g
3. Sensor bonding °l =
[
Cor~—"
e

All operations performed in glove boxes to avoid radon recontamination
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CUORE towers construction

CUORE

Tower construction completed in June 2014

Towers stored nitrogen atmosphere,
waiting to be installed in the cryostat

S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017



CUORE

Cool a ton-scale detector at 10 mK in a
radiopure, low noise environment

» Total cryostat mass: 30 t
» Mass below 4K: 15t
» Mass below 50 mK: 3 t

Nominal cooling power: 3uW at 10 mK

» Cryogen-free apparatus

» Fast cooling system: gas exchange down to 50K
» 5 pulse tubes down to 4K

» Dilution unit: down to ~10mK

» Suspension system: detectors are mechanically
isolated from the cryostat vibrations

CUORE cryostat

Plates:
300 K

40 K

4 K

600 mK
50 mK

10 mK

Cryostat commissioning completed in 2016

Reached a stable base temperature < 6 mK (without detectors)

S. DI DOMIZIO
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Calibration system

CUORE

Expose the detectors to a 232Th source for absolute & _ L . |
energy calibration 5 #

Periodically deploy thoriated tungsten wires
around and among the CUORE towers, for uniform
illumination

e Inner string @ Quter string 4 TeO, crystals
— Copper shield in copper frame

NIM A 844, (2017) 32-44

S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017
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Radiation shields

Inner (cold) shields
* Top: low 2°Pb activity lead
» Side and bottom: ancient roman lead

CUORE

LNGS: 3650 m w.e. rock shield P:OBK
> U: 2.6 x 108 /(cm?s) 0K
» y: ~0.73/(cm? s) : BN il
» neutrons: 4 x 10/ (cm? s)

s PTG I i s T RS A Ol i Vo A 628 2?

Top Lead
Shield

Side Lead
Shield
Y-beam

) . ) . Detector
Vibration isolation

Towers

Cryostat Bottom Lead

Shield

Concrete beams H3BO; panels

Sand-filled columns Lead

Polyethylene
Concrete walls —»

Borated polyethylen|

w

Screw jacks

Movable platform

Seismic isolation ——»

S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017



S Towers installation

Jul 27, 2016 - Aug 26, 2016

Performed in Rn-free air (< 1Bg/m3)

Towers enclosed in nitrogen-flushed
protective bag over night

First and only time when the towers were
exposed to air

S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017 19



CUORE
el Bl el e e
i CUORE cool down 10
100 :_ Start: 2016-12-05 00:00 _:
- 2 1
Z | [
&~ - =
0.1
10 = — 40K plate
E = I plate
;|\Jlllllllllllllllllillll\llllllllllllllll 001
0 2 4 6 8 0= 1D i = E6 [ SELE () L= 1D
At [d]
« Sep - Nov 2016: cryostat closing
 Cool down started in December 2016
4K reached in 22 days
« Base temperature reached in 3.5 days
» First pulse observed the same day
S. DI DOMIZIO

Cool down

-

— Still plate
—— HEX plate
— MC plate

CUORE cool down

Start: 2017-01-23 10:00

D_m|

0.5 1 1.5

Line & | Line B| Line | Line D
a(

At [d]
[ NON ] |X| Apollo Smart Scope .
X scale: 1.0 s/div
Ch 537 (NONE - C2A7) = BOmVIdIY & T M ety
I CUORE
’ \ 27 Jan 2017
3= M Mo e csmprtnt et

hannel Setup -Axis Setup

W/ Enable | scale  [50.0 mvidiv [v] Autoscale 4 Max - Min
- 4 ¥ Average

Channel 537 2| Offset [rV] 8454 5|  Adjust I~ RMS
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Detector optimization

Load curve

CUORE

L.l

First optimization campaign: Feb-Mar 2017 f;, 25 0.18
>a:.

» Elctronics and DAQ debugging

» Noise and vibrations optimization
* Pulse tubes phase scan 15
« Working temperature scan

* Load curves

* Optimization of trigger thresholds

0.16

—0.14

Pulse Amplitude (V)

0.12

0.1

e i P g g i b
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L

Pulse tubes linear drives Pulse tubes phases scan

S
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_ B B
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o4

5 5 & 8 =
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) 1600 1700 1800 14H00) 20000 2100
time (s}
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CUORE

Selected

984 out of 988 working bolometers

Excellent system stability
High duty cycle when in operation

Data taking and performance

Run Time Breakdown

357 %

operating temperature: 15 mK

04 %
2%

N

» Thresholds: from ~20keV to few hundreds kev 184 %

 Trigger rate per bolometer I Physics 77 Calibration
- Calibration: 50 mHz optimization— ] Down Time Bl Other
— physics runs: 6 mHz [ ] Setup [ ] Test

Mixing Chamber Temperature

16.0

15.8

15.6

15.4

15.2

15.0

14.8 -

14.6

14.4

14.2

14.0

S. DI DOMIZIO

12/5/17 14/5/17 16/5/17 18/5/17 20/5/17 22/5/17
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Science runs

CUORE

2 periods of physics data
- Dataset 1: May — Jun 2017 - 37.6 kg-y of TeO,
- Dataset 2: Aug — Sep 2017 — 48.7 kg-y of TeO,

Each dataset enclosed between two calibrations . surpassed the CUORE- O '

Another optimization campaign took place in July 2017 r exposure in ~3 weeks .

TeO, exposure: 86.3 kg-y
« 130Te exposure: 24.0 kg-y

2017

May

June

July

August

September

S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017



CUORE

Analysis chain

First level anlysis

« Amplitude estimation

S. DI DOMIZIO

0.8
0.6
0.4
0.2

2
lL

Y
AY
\Y)

1 Il | | 1 1 | | | | | | Il | | 1 1 | | | | | | | | | | 1 | |
100 200 300 400 500 600
sample index

0.2

o

Evaluate the amplitude of pulses using a
matched filter that maximizes the signal-
to-noise ratio
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Analysis chain

CUORE

First level anlysis

« Amplitude estimation
e Thermal gain correction

| Heater amplitude vs. baseline |

1624
1622

1620

Amplitude (mV)

1618
1616

1614

1612
1610
1608

_I_IIIIIIIlIIIlIIIlIIIII I|III|III|III|II

1606 L 1 1 1 I 1 1 L L I L 1 1 L I 1 1 1 1 I 1 1 1 1
1100 1110 1120 1130 1140

Baseline (mV)

—

Correct for thermal gain instabilities
using the amplitude of a fixed-energy
reference pulse

S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017
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Analysis chain

CUORE

First level anlysis

« Amplitude estimation
 Thermal gain correction
* Energy calibration 3000

239 CUORE Preliminary
Exposure: 86.3 kgyr

911

583
338 969

—_ — o W)
o N -] Ln
o -} - )
o o o o

LI T T[T T T T TTTT]TTTT ] TTTTTT
s N T I [ I l

2615

Counts / (keV kg yr)

500

A D PPORPY O 1 S A S .
500 1000 1500 2000 2500
Reconstructed Energy (keV)

Apply amplitude-to-energy conversion
using a calibration function built on
known gamma lines
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Analysis chain

CUORE

First level anlysis

« Amplitude estimation
 Thermal gain correction
* Energy calibration

* Event multiplicity

single-hit (signal-like)

double-hit (bkg-like)
$¢

Assign multiplicity and a total energy to each
group of events occurred at the same time

An analysis threshold of 150 keV was applied for building coincident events

S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017
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Analysis chain

CUORE

First level anlysis

« Amplitude estimation
Thermal gain correction : \ y

Energy calibration

Event multiplicity

Pulse shape analysis

Define pulse-shape parameters that are used to
identify and discard non-physical pulses and pile-up

NOTE: no physical background rejection based
on pulse-shape is possible in CUORE

Define a distance in the multi-dimensional pulse-shape parameter space

Accept or discard events based on their distance from the centroid of the
distribution

The threshold distance is chosen to maximize the experimental sensitivity

S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017
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Analysis chain

CUORE

First level anlysis

« Amplitude estimation

Thermal gain correction  Shift the energy of a “blinded” fraction of events within +20 keV
Energy calibration around 2615 keV down to the energy of Qgs, and vice-versa

. iplici 80F : 208
Event multiplicity S BTnded E TI|
» Pulse shape analysis 70 | — Unblinded :
« Data blinding 60 CUORE Preliminary
> - Exposure: 86.3 kg -yr '
2 50 =
£ 40F
3 .E
20E- :
10 B :
- iR -.

1 1 1 1 I 1 1 1 1 L 1 1 1 1 1 I 1 1 1 1
2400 2450 2500 2550 2600 2650 2700
Energy (keV)

Data are unblinded only when the analysis procedure is fixed

S. DI DOMIZIO IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017 29




g

Calibration

Performed on the most intense gamma-lines in the calibration spectrum

CUORE

30001 939 CUORE Preliminary 239 keV: 22Pb
E Exposure: 86.3 kgyr 338, 911, 969 keV: 228Ac
~ 2500 583, 2615 keV: 208T]|
>] |
en B
;4 2000 [~
9 - 911
1500 g3
é 1000E 8 )09
S } 2615
500 F _ (3ahbrat1on resolution at 2615 keV
- o CUORE Preliminary
O_' o LI—-TLJI_AIJLL o ..‘JA. e . 350; Exposure: 86.3 kgyr
500 1000 1500 2000 2500 300
Reconstructed Energy (keV) ) 250F
% 200[-
< -
Energy resolution at 2615 keV in calibration © I0F
Dataset 1: 9.0 keV FWHM 100F
Dataset 2: 7.4 keV FWHM 501
Average (exposure weighted): 8.0 keV FWHM bl i e
0 10 20 30 40 50
FWHM (keV)
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Line shape

The detector response function is evaluated in the high statistics 208T]
peak in calibration runs

Ratio

o0 —— —
AQACO— N B~ N

.
5
g
E

|
E
E |

[E—
)
W

[E—
e}
~

Counts / (2 keV)

S. DI DOMIZIO

R

= ‘aﬁ 7 o

UORE Preliminary
Exposure: 86.3 kg-yr

--------------------------

N I R A HE I WU R Y B A
2540 2560 2580 2600 2620 2640 2660 2680 2700
Reconstructed Energy (keV)

Detector response function
» Triple-gaussian shape

Other fit components

» Step-wise multi-compton background
» linear background

» Te X-rays escape peak

> (2615+583-511) keV peak

IBS CONFERENCE ON DARK WORLD — DAEJEON, NOV 1 2017

Fit performed on a tower-by-tower
basis for computational reasons

An independent response function
IS obtained for each channel
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Physics data energy spectrum

CUORE

10° Physics spectrum
- Normalized calibration spectrum
= 10 : 3 4 . 6 o 7
) - 1 2
4 B 2
S : 8 4
2 -
- B 8
£ 107 T
3 - u
@) -
102 | . mll |
E CUORE Preliminary
L Exposure: 86.3 kg-yr
10—3¢..|....|....|....|...|.
500 1000 1500 2000 2500
Reconstructed Energy (keV)
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Energy resolution in physics runs

Resolution relative to 2615 keV calibration line, Dataset 1

CUORE

.§ 1 F CUORE Preliminary
. . . . E -
Energy resolution is better in physics runs 3
g E
£ 08f
T & 2 oqf
| L Ll
S 1 E
= 0 0.6
@ ] E
& 2= l i ¢ i 0.5
1001~ CUORE Preliminary 2t T
N Exposure: 86.3 kg-yr "800 1000 1200 1400 1600 1800 2000 2200 2400 2600 _
. 01— Energy [keV]
% B Resolution relative to 2615 keV calibration line, Dataset 2
= 60l g | |E CUORE Preliminary
N — = e
E 40f :
2 [~ g
Q B E
20
0 . m L PRETRTE BTN ST il +
2570 2580 2590 2600 2610 2620 2630 2640 2650 2660 E
Reconstructed Energy (keV) 05E

P | ririasries preoms ol [bryiei™erus| ool esrseryaers | syl b ymir| iyl (el
800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Energy [keV]

Apply a scaling factor to the energy resolution evaluated in

calibration runs to obtain the correct energy resolution at Q,, 2 CUORE Preliminary
= O Exposure: 86.3 kg-yr
S 0.6F
2 04f
g 04f

FWHM in physics runs, at Q,

0.2;— {1 A
dataset 1: (8.3 + 0.4) keV oo m—— /%’

dataset 2: (7.4 + 0.7) keV B o
) -06E7 calib. residual at Qg (0.0 £ 0.5) keV
average: (7.7 £ 0.5) keV — exposure weighted 08¢
e B O T G L
Energy [keV]
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Efficiency evaluation

Dataset 1 Dataset 2
Trigger (99.766 £ 0.003) % (99.735 £ 0.004) %
Energy reconstruction (99.168 £ 0.006) % (99.218 £ 0.006) %
Base cuts (pile-up, global data quality) (95.63 £ 0.01) % (96.69 +£0.01) %
Anti-coincidence (99.4£0.5) % (100.0 £ 0.4) %
Pulse shape analysis (91.1 £ 3.6) % (98.2£3.0) %
All cuts except containment (85.7+3.4) % (94.0 £ 2.9) %

Ovpf3 containment

(88.35 + 0.09) %

Total

(75.7 + 3.0) % (83.0 £ 2.6) %

Event selection is performed after discarding periods of low quality data (about 1% of live time)

The Ovp3 containment efficiency is evaluated from Monte Carlo simulations

All other efficiencies are evaluated on data

S. DI DOMIZIO
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CUORE

ROI fit

Unbinned extended maximume-likelihood (UEML) fit based on RooFit
Region of interest: (2465 — 2575) keV

S 3
= 2
S 1
3 0
z -l
)

} l { Flat background
MM‘{&MM « common to all channels, but
dataset-dependent

16E- CUORE Preliminary
14:_Exposum: 86.3 kgyr 60Co sum peak
> E 0  floating peak position and rate
T 12 * BB . Il ch |-
= rate common to all channe
o 10F 0Co dataset pairs
S s
s 6 Peak at Q,,
O ‘ : P
4 : ' f Y LLT] e « Fixed position: 2527.518 keV
21 44 \ ' - floating rate, common to all
0 U el e ) G S S channel-dataset pairs
2480 2500 2520 2540 2560

signal decay rate best fit: '® = (-1.0T8_‘§ (stat) £ 0.1 (syst)) 10yt

background index (dataset 1): (1.49_517) 102 counts/(keV-kg-y) [efficiency: (75.7 + 3.0)%]

background index (dataset 2): (1.35_515) 102 counts/(keV-kg-y) [efficiency: (83.0 + 2.6)%]

Reconstructed Energy (keV)

+0.18

+0.20

arXiv:1710.07988 (submitted to PRL)

®0Co peak position: (2506.4 + 1.2) keV
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CUORE

No evidence for absolute bias, a
0.3% relative component is present

Systematic uncertainties are
treated as uncorrelated and added
in quadrature

Fit bias and systematics

We evaluate the fit bias and systematic uncertainty using toy Monte Carlo
We also include among the systematics the uncertainty on the signal efficiency

Parameter

Abs. uncertainty [1024 y1]

Rel. uncertainty

Efficiency
Background shape

Signal Bias

95.02 / 5706
1= 0.002865

Fitted Rate (10% yr)

Energy resolution
Energy scale

Fit bias

Line shape

1.5%
0.2%
0.3%
2.4%
2.4%
0.8%

Lineshape Bias

59.51 / 5998
0.001361 = 0.00228
1.042 = 0.003765

B4

S. DI DOMIZIO

1
0.8 1
True Rate (1024 yr 1)
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0.8 1
True Rate (10724 yr )
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Half-life limit

CUORE

Profile likelihood integrated in the physical region (decay rate > 0)

20p
- | ---- CUORE (stat.) R
18 - | —— CUORE (stat. + syst.)
16 CUORE Preliminary
14 — Exposure: 86.3 kg-yr
12
— -
E 10
8
6F
4E
2F
0 - L I 1 1 | L I 1 1 1 | I 1 1 1 | I 1 1 1 | I L 1 1 1 | L 1 1 1 | L 1 1 1
-0.1 -0.05 0 005 0.1 015 02 025 03

Decay rate (10 yr!)

T ,>1.3x10*y (90% CL, syst. included)

arXiv:1710.07988 (submitted to PRL)

Frequentist “Rolke” limit

(from NIM A 551 (2005) 493-503) stat. + syst: T% , > 2.1 x 10®y (90% CL, syst. included)

w
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Expected half-life sensitivity

CUORE

Expected sensitivity evaluated with 10000 toy MC with zero signal and background level from best fit

500F : :
= ! Entries 9779
450 5— : Mean 7.403
400 ;— ! Std Dev  2.593
350 ;— : Integral 9779
300 =
- = - ~
250 3 = ?) §
200F- @ O R
150F c ! U 3
- S o £
100 3 D ' =) S
50F = © a
O E - ! : L L 'T-L‘-’_nn_m_:. PRI R S S S g
0 5 10 15 20 25 S
90% C.L. Limit [10°* yr] N
2% probability to get a better limit S

w
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Combined limit

Combine CUORE result with CUORE-0 and Cuoricino

CUORE

20

CUORE
B | . CUORE-0
16 | --------- Cuoricino
14 CUORE + CUORE-0 + Cuoricino

12
10

CUORE Preliminary
Exposure: 86.3 kg yr

NLL

| IIIIIIIIIIIllIlllllllllllllllllllll

'_-_-_,-...--
-‘-ﬂ
._—‘--‘"--—’
T T |

01 -005 0 005 01 015 02 025 023
Decay rate (10 yr!)

S N B, N

CUORE _
+CUORE-0 | T%  >1.5x10%y (90% CL, syst. included)

+ Cuoricino

arXiv:1710.07988 (submitted to PRL)

Frequentist “Rolke” limit

(from NIM A 551 (2005) 493-503) stat. + syst: T% , > 2.2 x 10*y (90% CL, syst. included)

N
o
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CUORE

108

10°

107"

half-life limits

130Te: 1.3 x 10%° yr — this analysis
%Ge: 5.3 x 10% yr — Nature 544 (2017), 47-52
13¢6Xe: 1.1 x 102® yr — phys. Rev. Lett. 117 (2016), 082503

10Mo: 1.1 x 10%* yr — Phys. Rev. D 89 (2014) , 111101

T TTTTT
L
=
o

|
IIII\II| I |
|Q
(1]
x
|(D
] IIIJIII| | IIIIHIl 11 11 \Ill [

Cuoricino + CUORE-0 + CUORE limit (Te)
(Preliminary)

CUORE sensitivity (Te)

Inverted hierarchy

Normal hierarchy -

Other isotopes

107" 1 10 102

S. DI DOMIZIO

mlightes1 (meV)
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Constraint on m

BB

nuclear matrix elements

Phys. Rev. C 91, 034304 (2015
Phys. Rev. C 87, 045501 (2013)
Phys. Rev. C 91, 024613 (2015

Nucl. Phys. A 818, 139 (2009)
Phys. Rev. Lett. 105, 252503 (2010)

this result
T,,>15x10"y

M, < 140 — 400 meV

CUORE sensitivity in 5y
T,>9.0x10*y
My, <50 — 130 meV

41




CUORE

Conclusion

» CUORE started data taking at LNGS in April 2017

» The detector is working well and there is still room for
Improvement

» We discussed the first CUORE results on neutrinoless
double-beta decay

Exposure: 86.4 kg-y
Background index: (1.4 £ 0.2)x 10 counts/(keV-kg-y)
Energy resolution at Qs (7.7 £ 0.2) keV

Half-life limit: T_, > 1.5 x 10® y at 90% CL

» Results on other processes are on their way
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