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Status and perspectives of CUORE
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DOUBLE BETA DECAY
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o+ > 20 order weak interaction
A 0" |» Normal beta decay suppressed '
S g: - by Quvalueor J” |

Processes explained by the Standard Model  ° Lepton number not conserved
* Occurs if neutrinos have mass

and are their own antiparticle
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EXPERIMENTAL SIGNATURE
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» Sum energy of emitted
electrons: Peak at Q value of
the decay.
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IMPLICATIONS
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> Neutrinos are Majorana fermions.
> Physics beyond standard model.
» Constraints on absolute mass scale.

> Probes the mass hierarchy of the
neutrinos.

> Constraints on CP violating phases?
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CUORE
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» Search for Ovpp in 13°Te at LNGS, Italy
(depth ~ 3600 m.w.e )

© 2004 Big-Italy-Map.co.uk
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The Cryogenic Underground .
Observatory for Rare Events
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> Q= 2528 keV
> Isotopic mass of 13%Te : 206 kg

> 988 TeO, crystals (arranged in 19 towers

with 13 floors each)

» Massive thermal calorimeters operated

at ~10 mK

»  Goal:

= AErwam < 5 keV @ 2615 keV
= B = 0.010 cnts/(keV-kg-yr)

® Tin (90% C.L.) >9.5x10*y
(5 yrs of live time ; <mgg> ~ 50 -
130 meV)



DETECTOR PRINCIPLE : THERMAL CALORIMETERS
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® “in Stopping zone of
o~ 2 //charged particles|”7 7
Absorber
2
<AEFWHM> <AETFN> +<AElect rrrrrr > +<AEvbaton> +

,‘ E Electron events mostly
contained in the bulk : Large
detection efficiency.

Thermodynamlc limit for energy |
'4‘ resolution can be made small by operating |

, the detectors at a very low temperature.
» The calorimeter cannot

discriminate background from | | > Requires ultra-low temperature facility
signal events easily. ‘ “ w1th ultra-stable operatmg cond1t1ons
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DETECTOR PRINCIPLE

> 750 g (5x5x5 cm3) crystal
» AT ~ 100 uK for 1 MeV energy deposit
> NTD-Ge thermistor read out
®* R(T) ~Ryexp [ (TO/T)I/Z]
(large sensitivity at low T)

> Energy response calibrated using known gamma
sources

> Note:
® Signal > thermal channel only

® No active background rejection

:

Teflon: weak thermal link
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CUORE-0 : PRECURSOR OF CUORE

» Validation of assembly procedure for

CUORE : first tower out of the
assembly line

» Strict material selection

» Stringent surface cleaning
procedures for detectors and
materials nearby the detectors

» Glovebox assembly to minimize
Radon contamination

» 52 TeO, 5x5x5 cm? crystals with a

total mass of 39 kg; mass of *°Te =
10.9 kg)

» 130Te exposure = 9.8 kg yr

JINST 11 (2016) P07009
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Same cryostat as Cuoricino,
but not CUORE
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CUORE-0 : 0v/3 3 RESULTS
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( ]
® AErpwum = 5.1£0.3 keV @2528 keV

® Background ( cnts/(keV-kg-yr) ):
0.058 = 0.004 (stat.) = 0.002 (syst.)

* CUORE-O limit (90% C.L.):
| Ti2 > 2.7 X 10%yr
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Phys. Rev. Lett. 115 (2015) 10, 102502
Phys. Rev. C 93 (2016) 045503

.......... CUORE-0 (stat. only)

CUORE-O (stat. + syst.)

T Cuoricino (stat. + syst.)

CUORE-0 + Cuoricino (stat. + syst.)

Decay Rate (102*yr-1)

0 0.2 0.4 0.6

Combining the limit with
Cuoricino result (90% C.L.):
T12 > 4.0 X 10** yr
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CUORE-0: 2v5 3 RESULTS Eur. Phys. J. C 77 (2017) 13
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> 103 ,
o —— M, - Experimental . .
 E — w-rieeonsnctin | Background sources identified and
S 102 : : . . . .
S E ascribed to different locations in
10 == the experimental setup using
‘B « Coincidence analysis
10 = « Gamma peaks
g « Alpha peaks
g o
3 « Radio-assay measurements
2000 3000 3000 5000 5000 7000 e Data from neutron activation
Energy (keV)
( )

Excellent agreement of the data with the background model with 2vgf
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CUORE-0: 2v5 3 RESULTS Eur. Phys. J. C 77 (2017) 13

£ E Experimental (M)
~ . F —— POTe 2vBp

§ 103 e ............................. ............................ ............. 401 (Crystals)
8 . . . .

\;

..........................................................................

| ; |
2500

Energy (keV

| 1 1
2000

10_1 I I I | I I I | I I
1500

500 1000

| *CUORE-0: T1» = [8.2 + 0.2 (stat.) % 0.6 (syst.)] X 100y
}*NEMO:  Ti = [7.0 0.9 (stat) + 1.1 (syst.)] x 102y
| *MiDBD: Ty = [6.1 = 1.4 (stat.) *29 35 (syst.)] X 102y i
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CUORE-0 : BACKGROUND ESTIMATES FOR CUORE
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CUORE: BACKGROUND BUDGET

Surface of TeO2 o

CUORE Preliminary

Surface of near elements

CUORE-O Bkg Model Bulk of TeO2
Bulk of near elements

Cosmogenic Activation of CUNOSYV elements

Cosmogenic Activation of TeO2

Far Bulk: CUOFE elements

Far Bulk: Roman Pb
{ HPGe & NAA ) Far Bulk: Modern Pb

Far Bulk: Superinsulation
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Far Bulk: Stainless steel parts e m 90%CL limit
Environmental muons e @~ Value

Fluxes at LNGS Environmental neutrons | *
Environmental gammas | EEEEE
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counts/keV/kg/y

~
Material choices strictly constrained by thermal properties,

mechanical strength and radio-purity y
.
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CUORE: CRYOSTAT COMMISSIONING

Dilution Unit Y;Beam

_ Quter Vacuum Chamber
OVC (200K)

OVC plate ~
40K plate -

IVC plate —— o '
Still plate - Radiation Shield (40K)
__ Inner Vacuum Chamber
~7  IVC (4K)

MC plate — o
__ - slill Shield (0.6-0.9K)
Lateral Pbshield —
Mixing Charmoer =~ = Mixing Chamber Shield (0.01K)
Top Pb shield ™
— OVC shield
Detector —- IVC shield
988 TeQ, "
crystals
[ = s e pr— T T———————— e

»  Experimental Conditions
»  Low radioactivity environment
»  Stable ultra-low temperatures
»  Extremely low vibrations
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6 cm Roman Pb Shield (5 tons@4K)




EXTERNAL SHIELDING

rrExternal lead: 25 cm thick

LNeutron shield: 18 cm of PET + 2 cm of H3BO:s3
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RESULTS: CRYOSTAT COMMISSIONING

» Commissioning completed in
March’16.

» Stable base temperature ~ 6.3 mK

» Proved nominal cooling power:
3 uW @ 10 mK

» Successful test of the detector
calibration system, electronics, DAQ e . _

B 10 ol 3363/ 3
and temperature stabilization system | 3 | FWHM:10keV | 1 L7 71523
N pl —$214e~06 = 8015e-01
‘ 1107 £35.4
80.. 261+ 0.1
", 4265 =0.134
i i
, | :
* Encouraging detector performance on 8 detector wf-
array (Mini-tower) 2oL
*No indications of unaccounted for bkg sources Ve e 290 o0 28I0 360 0% 280 20 3o,
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CUORE: DETECTOR INSTALLATION
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~® Detector installation was completed in a specially

. constructed cleanroom, constantly flushed with Radon |
free air. |

e Electronics and DAQ installation complete.
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CUORE: COOLDOWN AND PULSES
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» Reached base temperature in January
2017 after two months of cool-down
from room temperature.

» Stable base temperature ~ 8 mK

» First Pulses!
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CUORE: COOLDOWN AND PULSES

» Reached base temperature in January
2017 after two months of cool-down
from room temperature.

Average pulse from heater on
one of the channels

g I
g 1F
» Stable base temperature ~ 8 mK 2 b
g 08— -
. = Preliminar
» First Pulses! T 06— Y
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E 04—
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f 150 ¢ system | . . . .
: \ the vibrational and electronics noise.
um:— \\ \\\\
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NEXT STEPS: CALIBRATION
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3.5 Bq

Nucl. Instrum. Methods A 844 (2017) 32

» In situ energy calibration

» Low background contribution from calibration
hardware (« 0.01 counts/keV/kg/year).

» 12 source strings to be lowered into the cryostat
during calibration.

» Each source string contains 25 source capsules of

19.4 Bq

La Thuile 2017

|and pulse shapes in the ROI we will

thoriated tungsten wire (containing #*Th)

i,_, = = — ——
- Once we understand the energy scale |

be ready to take background data.

Stay tuned for Physics results soon !

— —— = = — I
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CUORE: SENSITIVITY
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» 5 years of live time CUORE sensitivity (Te)

Inverted hierarchy

» AE = 5 keV FWHM

1072

» B = 0.01 counts /(kg . keV . yr)

Normal hierarchy

1073

Tlo/”2 > 9.5 x 10%° yr (90% CL)

il Other isotopes

10—4| L ||||||||
107 107° 1072 107!

m lightest [eV]

'CUORE may come close to
| start exploring the Inverted |
hierarchy region, depending on |
‘the NME |

mpg < (50 — 130 meV)
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CUORE TO CUPID = CUORE UPGRADE WITH PARTICLE IDENTIFICATION

= |
% » Goal:
Hnimi . o ] - AEFWHM <5 keV @ 2615 keV
o B e - .
= B = 0.1 ¢/ton/y in ROI
= <mg> ~ 7-18 meV
O2E T I 9% O e (10 yrs of live time)
e » Increase Sensitive mass = Enrichment
» Active background rejection method
w- o / (By) separation
l‘)-4 M L L 2 3 314 - M L1 3 3033
10* 10° 10 107!
[nlig:l.r-sl [t‘-\’]

» Technology should be as compatible as possible with CUORE (mechanical coupling, cryogenics, etc)
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R&D ACTIVITIES

Enriched Crystals

Te0 ZnSe, ZnMo04/Li2Mo0Q,;, CdWO,

ROI < 2615 keV

ROI > 2615 keV

j Detect Heat & Light §

'

Scintillation® Pz 8tdsWitedols

Bulk a/f discrimination yield

Surface Tagging

T : Low light
Scintillating foil*

yield

Neganov Luke Effect ﬁ é ﬁ

*using bolometric light detectors Provides better signal to noise ratio, but R&D on scaling and reproducibility required
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SUMMARY
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» CUORE-O
*  Set the most stringent limit on the half-life of OvfBp in 3°Te
*  Made the most precise measurement of 2vpf half-life in *°Te
> Validated the assembly line production and the background model for

CUORE
; 1 - - -
e I o | Mo :
) CUORE g [ CUORE-0 + Cuoricino limit (Te) : E :
107 o — e 3
> The cryostat has been successfully - cuome srsony o : h
cooled down to ~ 8 mK, with all the inverted hierarchy i ]
detectors installed 102 3 =
*  We have started the detector Normal hierarchy i ]
operations; expect physics data soon. ' 3 E
> Will pave the way for next generation e isores
. . 10—4 | | | I | II| | | 1 1 IIII| ther isotopes
large bolometric experiments. 10°* 10° 102 10-
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