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The Ov33 decay search @

CUORE

Double beta decay is a rare nuclear decay 5
(N.Z) = (N-2, Z+2) i VPP

d
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- 2nd order process allowed in SM

- Observed in several nuclei: t~1019-21y ///<
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XVv=y,

Ovp:
- Lepton number violation process (beyond SM)
Majorana nature of neutrino
Constraints on neutrino mass hierarchy and scale

Not yet observed r>102426 y

BB summed e~ energy spectrum
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The CUORE experiment and the Ov[3@ search

Search for neutrino-less double beta (OvB3) de
Why 130Te:

Transition energy Qgg (130Te) = 2527.518 keV, above
most of the natural radioactivity

Highest natural isotopic abundance (N = 34.167%)

130Te within the detector absorber of TeO2 (high
detection efficiency € ~ 90%)

Reproducible growth of large number of high quality
crystals; large active mass (M) detector

background around Qgg

Experimental Ov3p3 half-life sensitivity:
Present generation experiments

Finite background: M - T-B - A > 1 E
1 2 Na |MT
S%(ny) = In2
(o) =2 e = =\ Ba

Good energy resolution A to reduce the 2v irreducible
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J. J. Gbmez-Cadenas and J. Martin-Albo, Phenomenology of neutrinoless double beta decay ,
Proc. of Science (GSSI14), 004 (2015)
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The CUORE experiment and the Ov[3@ search

The CUORE challenge:

Cryogenic Underground Observatory for Rare Event ~

Primary goal: Search for OvBB decay in 130Te :g’gg‘:@i%%&
Closely packed array of 988 TeO- crystals : %‘%n{%\@@;ﬁ’{%
19 towers of 52 crystals 5x5x5 cm3, 0.75 kg each ;g&@%@%ig\
High Mass of TeQz: 742 kg (206 kg of 130Te ) ﬁggﬁ%@@%ﬁ%
and high granularity :;gg&"ﬁ'?@g&f%
Experiment hosted at ‘xquﬁﬂg

Gran Sasso National Labs (LNGS) "%”N’%‘%“&f
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The CUORE experiment and the Ov[3@ search

The CUORE challenge:

 Low background.
- Deep underground location
(Gran Sasso National Labs - LNGS)
- Strict radio-purity controls on materials
and assembly
- Passive shields (Pb) from external and
cryostat radioactivity

Background goal: 102 c/(keV-kg-yr)

B L By

Plates :
300 K

40 K

4K

Still

Heat Exchanger

Mixing Chamber,

CUORE

.

Top Lead
Shield

Side Lead
Shield

Detector
Towers

Bottom Lead
Shield
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The CUORE experiment and the Ov[3@ search

- CUORE
The CUORE challenge: d . &
Plates : Tia . L o
300 K 1)
40K
4K
Still
Heat Exchanger
 Low temperature and low vibrations Mixing Chamber,
- Multistage cryogen-free cryostat: g}olp lIaead
« Mass to be cooled < 4K: ~ 15 tons (IVC volume e
and Cu vessels, Roman Pb shield) 2ide Lead
* Mass to be cooled < 50 mK: ~ 3 tons (Top Pb | =
shield, Cu supports and TeO2 detectors) = ua Detector
TeO2 detectors operating temperature: ~10 mK

- Mechanical vibration isolation

Energy resolution goal: 5 keV FWHM in the Region Bﬁpul)cxln Lead
Of Interest (ROI) Shie
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CUORE Cryogenic infrastructure

and auxiliary systems CUORE

Multistage cryogen-free cryostat:
- Fast Cooling System

- 5 Pulse Tube cryocoolers

- Continuous-cycle 3He/4He dilution
refrigerator

E = ] Heat exchanger
el 50 mK

' Mixing chamber
10 mK

Shieldings

- External lead shielding and
concrete support structure

- Internal Ancient

@ Roman Lead Shield

# (6 cm thick, 5tons) @ 4K

& - Internal Top Lead

Shield (30 cm

thick, 2.5 tons) @ 50 mK

Roman lead shield @4 K |

Detector Calibration System

12 232Th y-ray sources, cooled to
base temperature and lowered into
the experimental volume for
calibration
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CUORE TeO» bolometers
CUORE module: a tower

52 (na)TeOo crystals

Absorber = Ov[3[3 source
50x50x50cm3

o 1GeNTD
& thermistor for

o N each crystal
L B 3.0x29x0.9mm3

1 Si heater for

each crystal
2.3x2.4x0.5mm3

PTFE holders

"’ <— Cu frames
and PFTE holders

Cu-PEN cables —>
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CUORE TeOs bolometers
CUORE 19 towers array

)

i

Towers installation

. [ | { [ (| { )
|- ¢ - =@ (B B (E | [ (= -
=N 1% 1 % 1Y & £ i P——i
¢ ' TS . P, YN N —— - o
R e e e

.,
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N

Towers installed, .
before the closure of the shields
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CUORE cooldown

- Cryogenic system commissioning : completed in Feb.2016

- Detector assembly and installation: completed at the end of Aug. 2016

- Detector cooldown: Started at the beginning of Dec. 2016,

Cooldown time: ~ 20 days down to ~3.4 K, ~ 3 weeks pumping the IVC down to
vacuum, ~ 1.5 days down to ~10 mK

CUORE

5 Dec 22 Dec 8 Jan 26 Jan

Observed first detector pulses just after the |7 . e ey

CUORE cryostat cooldown
300 Detector Temperature

— 250
M 50 » Pre-cooling system -
o e, e p—
8 200 [ cooled down to 35 K: ; ’
E E PTs + FCS
< - i
5 1501 /  CUORE
Q. u IVC cooled down | | ; | | 27 Jan 2017
QE) 100 :_ to;. PTs ﬁ,"f::c"hgﬁaiaj — __________________ ____________ _____________ vvvvvvvvvvvvvvvv vvvvvvvvvvvvvv
H B temperature of 10 mK: s SO S—

50 - Dilution refrigerator :

] |||

I " : : Channel 537 3 o:s::renw 8454 2 Av:::zle E:‘MS 3 sl,bsa:p,mg’, overy 1 : _ Resume |
cool down without any optimization | = | 2f |
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Detector characterization and first physics results

CUORE
Detector pre-operations and optimization phase (January - April 2017)
Noise optimization: g:ﬁi:;‘ : AN
* Electronics noise attenuation S R =
 Vibrations reduction (detector mechanically isolated) , T
* Pulse tube phases driven by LD and relative phase shift tunlng e

I'ime (h)

Temperature scan:
Temperature scan around base temperature to choose the one that optimizes the signal,
the resolution and at the same time allows to work with a NTD resistance that well
matches the readout electronics. Selected working temperature: 15 mK

S 25 =T P P , ......... ,, ......... ,__00\?—; _E N E %
Setting the working points: o A\ =5 AN R | E ok o
Load curves scan to choose the best bias voltage A\ : hSaEE R i
’ estblas voltage |k | Ny ol il NG Ao Tom T
to feed each channel's NTD at a given temperature: E N RE - T
| | Jel § I/ VANV S T 0 = = =
» linear behavior for small temperature variations ' BaS U I - R
. . . . . . Sl——cefefa i B LIt st = -1 —
* maximization of signal to noise ratio S Y 400 —ore 310
. . . . -9 : : : ; [ ARt ATRE e —0.12
- optimization of pulse amplitude BT T ST s 3 s
I (pA)
O 1000 2000 3000 4000 5000 6000 7000 8000(m9\(1);)0
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Detector characterization and first physics results 6
CUORE

CUORE science runs (May - September 2017):

2 periods of physics data

— Dataset 1: May — Jun 2017 = 37.6 kg-y of TeO> for OVBE d o
— Dataset 2: Aug — Sep 2017 = 48.7 kg-y of TeO2 OrVbh decdy sedre
Each dataset is bracketed by an initial and a final calibration | "aTeO2 exposure: 86.3 kg yr

Collected statistic

Physics data 2017 - Time breakdown 130Te exposure: 24.0 kg yr

Run Time Breakdown

47.8 %

Operational performance
o - 984/988 operational channels
ngz:ics %g;lizraﬁon - Excellent data-taking efficiency
] Test - Improved detector stability
Mo 7 | | - Thresholds: from ~20 keV to few hundreds keV
ik Tal - Trigger rate per bolometer:
| Calibration 50 mHz, Physics runs: 6 mHz
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Detector characterization and first physics results 6

CUORE
Calibration and Background spectra
102 & Physics spectrum Cumulative energy
- Normalized calibration spectrum fspectrum
- rom all the channels
’{;: 10 E 3 4 6 7 selected for the Ov[3B initial
o - 1 o) , analysis
% 1 E; ; 8 4 Sources of the labeled peaks:
= - (1)212Pb [239 keV],
2 T ) 8 (2) 228Ac [338, 911, 969 keV/],
§ 107 (3) e+ e annihilation,
> - (4) 208T| [583, 2615 keV],
= CUORE Preliminary ' O o
- Exposure: 86.3 kg yr (7) 1A
10_3 —1— | | | | | | | | | | | | | | | | | | | | | | | (8) BI
500 1000 1500 2000 2500

Reconstructed Energy (keV)

Calibration: 232Th sources deployed inside the CUORE detector
Background - Physics: Spectrum is consistent with the background expectations
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Detector characterization and first physics results 6

Detector performance - Line shape:
Calibration spectrum

Y

Ratio
mllllllllll

10° - CUORE Preliminary
= Exposure: 86.3 kg-yr

Counts / (2 keV)

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

2 C " l"‘ (b)‘\
10 E_ ( ), ’l I‘ \‘

T A N T R R Lot
60 2580 2600 2620 2640 2660 2680 2700
Reconstructed Energy (keV)

I R
2540 25

*Fit to the 2615 keV line, summed over all channels.

CUORE

Fit components:

e atriple gaussian for the main

peak (a)

e a step-wise multi-Compton
background (b)

* Je X-rays escape peak
(combination of gaussian escape
lines) (c)

e a linear background (d)

e (2615+583-511) keV peak (e)

Fit on a tower by tower basis

An independent response function
IS obtained for each channel
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Detector characterization and first physics results

CUORE

Detector performance - Energy resolution:
Calibration spectrum

* Energy resolution in calibration runs
@208T| decay gamma-peak

%;85 —"’ Energy resolution at 2615 keV in
S R TAkeV calibration
2006 pir e 9.0 keV
180 | ]
160 | 1] Dataset 1: 9.0 keV FWHM
2 1408 | K Dataset 2: 7.4 keV FWHM
S 120 pdi Average: 8.0 keV FWHM - exposure
S = 7 )
S 1008 |} weighted
80 ||
o0F ||
wE ||
20T
:JZ% ..... IR PR B

FWHM (keV)
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Detector characterization and first physics results 6
CUORE

Detector performance - Energy resolution:
Background spectrum

e Better resolution @208T] in physics runs.

_éllhhl the b bk L1
- ¢ i1

Residual (o)

|
S O~ O—W

—_
)

n CUORE Preliminary
B Exposure: 86.3 kg-yr

Applied a scaling factor to the energy
resolution evaluated in calibration runs to
obtain the correct energy resolution at Qpg

Counts / (2 keV)

Energy resolution at Qgg in physics runs

0 "-'--'-‘Ia l.i.l T

2570 2580 2590 2600 2610 2620 2630 2640 2650 2660
Reconstructed Energy (keV)

Dataset 1: (8.3 + 0.4) keV FWHM

Dataset 2: (7.4 + 0.7) keV FWHM

Average: (7.7 £ 0.5) keV FWHM - exposure
weighted
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Detector characterization and first physics results @
CUORE

Detector performance - Energy resolution:

Energy resolution in physics runs

Improved resolution from Dataset 1 to Dataset 2 due to :
- Investigation and upgrades to the electronics grounding
Active cancellation of the PT-induced noise
Optimization of the operating temperature and detector working points
Software and analysis upgrades

Average FWHM at Qgg: (7.7 = 0.5) keV FWHM — exposure weighted

CUORE energy resolution goal in ROI: 5 keV FWHM

Further campaign ongoing for resolution optimization, in order to reach the CUORE
nominal resolution

I.Nutini, GSSI - INFN LNGS; La Thuile, 26th Feb. 2018



Detector characterization and first physics results @

CUORE
OvfpB analysis - Blinding of the background spectrum
Blinding procedure: |
SO ' 5 2081
. = EEEEE Blinded :
e (Choose a random fraction and 70E | — Unblinded :
move events from +/- 20 keV of coF- CUORE Prefimin ,|
2615 keV to the Qpg and vice > F Exposure: 863 keyr
versa = S0
e The blinding algorithm produces & 40f
an artificial peak around the OVBB S 30F i ¥
Q-value and blinds the real Ovpp ~a i L
rate of 130Te of  C'Bi o “Co i L
e When all data analysis : | sl 4 w
procedures are fixed the data are 2400 2450 2500 2550 2600 2650 2700
eventually unblinded Energy (keV)
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Detector characterization and first physics results 6
CUORE

Ovpp analysis - Fit in the ROI

Fit to evaluate best fit decay rate for 1307e:

Residual (o)

et 1

(@) N = O =N W
——
——
——i|

ROI region: [2465,2575 keV] around Qgg (39Te)

— CUORE Preliminary
14f_Exposure 86.3 kg'yr
Simultaneous unbinned extended maximum % f 1 Pos
likelihood fit: g 10F 60,
* Flat background (dataset-dependent) é :‘_ ]l
* 60Co sum peak, S : 11 T4
* peak at Qgp (fixed position, floating rate) 8 AT 3 T
0% B0 B0 . 540 2560
The peaks in each channel-dataset are fitted with its Reconstructed Energy (ke¥)
own line shape (fixed from calibration data) e : overall signal efficiency
. D 1[e: (75.7 £ 3.0)%
ROI background index (B): Dﬁ:ﬁiii ) E E8g. - gg;;o %
- Dataset 1
(1.49-0.47+918) x 10-2 c/(keV -kg-yr) Best fit signal decay rate:
- Dataset 2 oVt = (-1.0-03%94(stat.) £ 0.1 (syst.)) x 10-25/yr

(1.35-0.18%9-20) x 102 c/(keV -kg-yr)
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Detector characterization and first physics results @
CUORE

Ov3B analysis - Half life limit

- No evidence of signal -

Limit calculation: O ——CoorE Gy
18 —— CUORE (stat. + syst.)
Profile likelihood integrated in the physical 16 cUORE Preliminary
reglOn (I—OV > O) 14 Exposure: 86.3 kg yr
L2

Decay rate limit (90% CL, including syst.): 2 10
[ov < 0.51 x10-25/ yr

Half-life limit (90%C.L including syst.):
Tov (130Te) > 1.3 x 1025 yr

1
-0.1 -005 O 005 01 015 02 025 03
Decay rate (10* yr!)
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Detector characterization and first physics results

CUORE
OvBp analysis - Half life limit
Combined likelihoods: CUORE + CUORE-0 + Cuoricino
Exposure 130Te: i o
19.75 kg yr Cuoricino, 9.8 kg-yr CUORE-O0, : ﬁ} cuoteno s cuorea rovoreminra T g,
24.0 kg VI CUORE 1025_ CUORE sensitivity (Te) 2_ Xe_f

Inverted hierarchy

Combined half-life limit (90% CL) g i )

Tov (130Te) > 1.5 x 1025 yr S

Limit on mgg: E ] E

mgepg < 140 - 400 meV N o oo
107 1 — 10 10

OvBB Decay mechanism: 1 9 9

Light Majorana neutrino exchange T1O/Vz x G(Qpp, 2) [ Mpuer|"|mygs|

Effective Majorana mass term
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Conclusions 6

CUORE
CUORE is the first tonne-scale bolometric OvBB detector.

First months of CUORE operations:

* First CUORE physics results of Tov in 139Te with 2 months of collected
physics data

e Exceptional cryostat performance and important information on
detectors characterization, noise, resolutions and background levels.

* Detector optimization campaign in late 2017 focused on improving the
resolution through further noise reduction, followed by a period of
maintenance of cryogenics and calibration systems in early 2018

« CUORE cooldown is ongoing and science runs will be starting back
soon

e More to come!
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CUORE

Backup
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The Ov33 decay search

CUORE

Ovp:
Majorana nature of neutrino
—> Constraints on neutrino mass hierarchy and scale
OvBP Decay mechanism: Light Majorana neutrino exchange

Ovpf

g ‘ 1
\\\ o < G(Qpp, Z)|[ Myl *[mgs)?
W~ e T . .
__— 1/2 / l "\ Effective neutrino mass term
Phase space integral Nuclear matrix element mpgpg = |Eimu&. U€2i|
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The Ov33 decay search

CUORE
Experimental Ov3B halt-life sensitivity:
Present generation experiments - finite background: M- T-B - A > 1
Ou I 2 Na |MT
5% (ng) =1In2 € e
nge Mg B A
Future generation experiments - zero background: M- T-B - A < 1
I zn Ngy
S%(ng) =1In2 e MT
Ns MA
M: total detector mass (kQ) Na: Avogadro number
T: measurement time (y) X: stoichiometric multiplicity of the element containing the DBD isotope
B: background index in counts/(keV-kg-y) n: isotopic abundance of DBD isotope
A: energy resolution (keV) e: detection efficiency

Ma: molecular mass of the detector compound
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CUORE TeO» bolometers @

CUORE

Bolometer principle of operation
J///// /) — Heatbath~10mK

(copper) | - Absorber crystal "aTeQ, : Ov[3 source
“—— Thermal coupling ‘/ ' - | O(T) x T3 Lattice specific heat
- (PTEE) ST 4| C(T) ~2x 109 J/K (@ 10 mK)
Thermistor - -
‘ NG | Thermistor NT[() ﬁ;’l -
. ' R(T) = Rpexp‘T
D— Absorber Crystal Run ~ 10-100 MO
(TeO») wp
Simplest thermal model: g L
One thermal capacity (crystal) FR
One thermal link G (btw crystal/heat bath) o
—-22000— -
Ey. G - <
AT P T=—~1s 24000
C C : l
Amplitude of the pulse « AT « Energy deposit 26000 T
—I— \ﬁ—-——-
ATntp ~ 10-20 UK/MGV AVntp ~ 300 UV/MGV 550550501000 '.lsoloo' '
ATecrystal ~ 100 pK/MeV  ARnto~ 3 MQ/MeV tine o9
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CUORE cooldown and data-taking @

CUORE

Cryogenic infrastructure and auxiliary systems

Multistage cryogen-free cryostat:

- Fast Cooling System

- 5 Pulse Tube cryocoolers (down to 4 K)
- Continuous-cycle 3He/4He dilution
refrigerator (down to base temperature
~10 mK)

FCS

35 K

= cat exchanger
’ 50 mK

'Mixing chamber
10 mK
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CUORE cooldown and data-taking @

CUORE
Cryogenic infrastructure and auxiliary systems

Cryostat support structure

Y- beam Minus-K
Main Support isolators
Plate
Cryostat
Sand-filled
Concrete
columns
beams
H3BO3 panels
External lead
Polythylene shielding (~70 tons)
Screw jacks Concrete
walls
Movable platform
Seismic
insulators
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Detector characterization and first physics results @

CUORE
Setting the detector working points
\g/ 25 F RETy e S S _: 0.(% _Eo_zé - %
. > o NNk e N N 1 2 HooE —l250
From Load Curves analysis. PETIK VA SR = L I NC
Set Operation Conditions Of the 15 : .. ......... , , ......... , ....... ,. ......... ';EO(]E _20.22 _:200
bolometer&NTD for a fixed Toase 10 ot iAo g 3% 4
. 5 A : : : : —0.025 —0.18
have best signal response and o . U T N 1 How
lowest noise =002 Foas 100
0 Teie —0.12
e e e e e ey 3510015 T —150
1134?PA)
SO SUUSSUUOVIUUOTTUUUIUUO OISR IOV ouit g
V.. (mV)

The optimal working point is chosen to be where the signal-to-noise ratio (SNR),
defined as the ratio of the amplitude of the reference pulse to the baseline noise RMS,
IS maximized and at the same time the detector has a linear behavior for small
temperature (amplitude) variations.

Developed an automated tool to provide Working Point bias voltage to be set to all
the 988 channels of the CUORE experiment
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Detector characterization and first physics results

Temperature scans

Focus on 78 active channels during the temperature scan:
26 ch- NTD 41C, 26 ch - NTD 39 D, 26 ch - NTD 39 C;

different NTDs types <—> different Rntd

- February 2017 - From 9 to 15 mK
Background + pulsers (2 pulsers)

- July 2017 - From 11 to 27 mK
Background + pulsers (2 pulsers)

- October 2017 - From 11 to 19 mK
Calibration + pulsers (3 pulsers)

CUORE

Average Noise Power Spectrum: ch. 377 dss 3030, 3039, 3024, 3033, 3027

DS 3030,ch 377, T 11 mK, rise (10/90) 0.148, fall(90/30) 0.303
DS 3039,ch 377, T 13 mK, rise (10/90) 0.102, fall(90/30) 0.34C

<T->>Rntd
= > higher noise

DS 3024,c¢h 377, T 15 mK, rise (10/90) 0.090, fall(90/30) 0.408
DS 3033,ch 377, T 17 mK, rise (10/90) 0.055, fall(90/30) 0.407
DS 3027,ch 377, T 19 mK, rise (10/90) 0.039, fall(90/30) 0.422

1200f
1000
800F
600
400
200

itude (mV)

Ampl
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Detector characterization and first physics results @

CUORE
Background spectrum
10°
“Co 60 214p 2081y
= M"l ‘ Bi
o))
v “* 214p; ‘
>
) \
v} hM |
- 1
g 10 CUORE Preliminary
)
8 Exposure: 86.3 kg-yr Hl H
10~ E"[— CUORE-0 ‘
— CUORE
107

T R S EE S L
500 1000 1500 2000 2500
Reconstructed Energy (keV)

Background - Physics: Significant reduction in the y region with respect to
CUORE-0 (CUORE-Ilike tower experiment), Spectrum is consistent with the
background expectations
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Detector characterization and first physics results

OvBB analysis

Selection efficiencies

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

The Ov3B containment efficiency is
evaluated from Monte Carlo
simulations

All other efficiencies are evaluated
on data.

CUORE

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£29) %
OvfB containment (88.35 + 0.09) %
Total (75.7 £ 3.0) % (83.0 £ 2.6) %
45 i— —— Base Cuts
40E- | —— Base Cuts + PSA
35 %_ —— Base Cuts + PSA + Ml
2 30
~ 20F
15F-
10
;

2%50 2400 2450

2500 2550 2600 2650 2700
Energy (keV)
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Detector characterization and first physics results
CUORE

OvBB analysis

ROI Fit to evaluate best fit decay rate for '39Te:
Simultaneous unbinned extended maximum
likelihood (UEML) fit based on RooFit

Residual (o)
»I—A [an RSN \O V)
|
——i
——i
——il|

16~ CUORE Preliminary
ROI region: [2465,2575 keV] around Qgp (130Te).  j4f PP 50 key
E 122— T s
The fit has 3 components: a4 10F O
* a peak at the Q-value of 39Te - fixed position at 2z °f |
2527.518 keV, floating rate common to all channel- 2 ° \ -
dataset pairs j T T ¥
e a peak to account for the 80Co sum gamma line N T L P I Ty T
2480 2500 2520 2540 2560

(2506 keV) - floating peak position and rate, rate Reconstructed Energy (keV)
common to all channel-dataset pairs
. nstant flat backaround atl?ributed to mult - Solid blue line: Best-fit model from the UEML fit
a Cons ground, overlaid on the spectrum of OvBpB decay candidates

scatter Compton events from 208T| and surface alpha gpserved in CUORE. The normalized residuals of this

events - common to all channels, but dataset- model and the binned data are shown in the top panel.
dependent - Dashed blue line: Best-fit for a model with no OvB
decay component.

The peaks in each channel-dataset are fitted with its | /ertical band: centered at U, the width of the
band reflects the systematic uncertainty on the

own line shape (fixed from calibration data) reconstructed energy:
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Detector characterization and first physics results 6
CUORE

Ov3B analysis - Half life limit

- - - - CUORE (stat.)
—— CUORE (stat. + syst.)

CUORE Preliminary
Exposure: 86.3 kg-yr

Evaluate the goodness of fit:

e Prepare large set of pseudo-experiments 14

- number of events determined by a L1
Poisson distribution with a mean of 155 3 10
(number of events in CUORE data ROI) 8

- energy distributed according to the best-
fit zero-signal model.

» Repeat Ov3( decay search fit on each of
the pseudo-experiments

* 68% of them yield a negative log likelihood
(NLL) larger than that obtained with data Limit calculation:

il
-0.1 005 O 005 0.1 015 02 025 03
Decay rate (107* yr!)

Profile likelihood integrated in the physical

- No evidence of signal at 3 o - |
region (['ov > 0O)
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Detector characterization and first physics results
CUORE

Ov3B analysis - Half life limit

Evaluating systematics

- --- CUORE (stat.)
—— CUORE (stat. + syst.)

Uncertain parameters of .the model that can 16F CUORE Preliminary
affect the result are considered as potential 14| Exposure: 86.3 kgyr
source of systematic errors: L1

- FWHM, energy resolution (+ 1 o) = 10

Q-value (+ 0.5 keV from energy scale uncertainty) 8
No sub-peak in the detector response
Linear background (= 1 0)

Toy-MC experiments generated starting from a model e

where the signal rate oy is changed from O to a large -0.1 0050 005 0.1 “0.15 0202503
: Decay rate (107" yr™)

value, and the parameter of interest had been

changed. Limit calculation:

Each pseudo-experiment is fitted with the full Ov3[3 Profile likelihood integrated in oy > O

model.

Parametrize the bias as:

[ovfitted= p0 (additive)+p1-Totrue (scaling)

Deviations from 0 in pO and from 1 in p1 considered Half-life limit (90%C.L including syst.):
as systematic errors and added in quadrature and Tov (130Te) > 1.3 x 162,5 yr .

propagated to NLL and to the limit

AR R U B U

S NN B~

Decay rate limit (90% CL, including syst.):
['ov < 0.51 x10-25/ yr
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Detector characterization and first physics results @
CUORE

Ov3B analysis - Half life limit
Combined likelihoods: CUORE + CUORE-0 + Cuoricino

Exposure 1307e:

19.75 kg-yr Cuoricino, 20
9.8 kg-yr CUORE-0, 18F | . cUoRES
24 .0 Kg Yr CUORE 16;_ --------- Cuoricino
) ) 14 ;_ CUORE + CUORE-O + Cuoricino
Combined half-lite limit (90% CL)| , 12 CUORE Preliminary
Tov (139Te) > 1.5 x 1025 yr L
8E
. 6F
Limit on mgg: 4F
oF I
mps < 140 - 400 meV X =

01 005 0 005 01 015 02 025 03
Decay rate (10* yr!)
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Detector characterization and first physics results

CUORE

CUORE background budget

CUORE GOAL: 0.01 counts/keV/kgly
Surface of TeO, ol !

Surface of near elements
easured -

in CUORE-0 Bulk of TeO; L

Bulk of near elements Preli inary

Cosmogenic Activation of CUNOSV elements

Cosmogenic Activation of TeO,
Far Bulk: CuOFE elements
Far Bulk: Roman Pb

Material
screening Far Bulk: Modern Pb

S —— —— S

Far Bulk: Superinsulation e

o ..
Far Bulk: Stainless steel parts —eo— = 90% CL limit
| o @  Value

Environmental muons

Environmental neutrons : ®
LNGS flyx

]
Environmental gammas —

1E-06 1E-05 1E-04 1E-03 1E-02
counts/keV/kglyr
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