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Recent results in n physics
Neutrinos undergo flavor-changing oscillations 

Neutrinos have finite masses

Open Questions in Neutrino 

Physics:
What is the absolute scale of n

mass ? 

Are n and n different particles ?

At least one n has m > 55 meV

-

Neutrino  mass hierarchy

Alternative mass scheme:

m1 ~ m2 ~ m3 

All splittings small

(degenerate)
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Experimental Sensitivity:

Requirements for a 0nDBD experiment

 large source (many nuclei  

under observation)

 long time measurements 

 good energy resolution

 low background



The CUORE experiment

Located at LNGS (Italy), ~3600 m.w.e. shield

Investigate: 130Te → 130Xe  + 2 e-

Array of 988 natTeO2 detectors, arranged in 19

towers, 13 floors each. Total mass of 206 kg of 130Te

Operated at 10 mK

Energy resolution of 5 keV FWHM at Qββ (2527 keV) 

Background goal: 10-2 c/keV/kg/year in the ROI.

Sensitivity on mββ (5y, 90% C.L.): 50 - 130 meV

Sensitivity on 0νββ T1/2 (5y, 90% C.L.): 9.5 x 1025 y



heat bath 

(~10mK)

weak thermal 

coupling

thermistor

Absorber 

crystal

• operated in extreme conditions 

• (low T, low noise environment) 

• excellent energy resolution (~0.2% FWHM)

• no particle identification

• slow, but ok for rare event searches

Ge-NTD

TeO2

Cu frames

PTFE 

supports

CUORE TeO2 bolometers



Journal of Crystal Growth 312 (2010) 2999

TeO2 crystal production
Shanghai Institute of Ceramics



Astroparticle Physics 35 (2012) 839

Bulk contamination of TeO2 Surface contamination of TeO2

Preliminary

Bulk contamination contributes

< 3x10-6 cts/keV/kg/yr to CUORE 

background

Surface contamination contributes 

< 1.5x10-3 cts/keV/kg/yr to CUORE 

background

Crystal Validation
4% of crystals tested as bolometers



Cosmogenic activation of TeO2 contributes 

< 10-4 cts/kev/kg/yr to CUORE background  

NIM B 295 (2013) 16

Phys. Rev. C 92 (2015) 024620

Cosmogenic activation of TeO2



Gamma-ray production cross sections 

from neutron-induced reactions on 

tellurium (Poster NN1)

Qbb

Environmental neutrons contribute 

< 10-5 cts/keV/kg/yr to CUORE background 



CUORE-module: a tower

~2000 Cu

components

234 PFTE 

holders

52 TeO2

crystals

52 Ge NTDs

52 Si heaters

8 Cu 

cables
Strict material selection (e.g. raw materials)

Minimization of Rn exposure (Glove Box assembly)

New detector design structure 

Strict surface cleaning technique for Cu and TeO2



CUORE-0

• CUORE-0 was the first tower produced 

from the CUORE assembly line:

52 TeO2 5x5x5 cm3 crystals (~750 g each)

• Total detector mass: 39 kg TeO2 (10.9 kg of 
130Te) 

• Operated in Gran Sasso National 

Laboratory from March 2013 to March 2015

• Statistics accumulated: 9.8 kg·yr 130Te

• Duty cycle: 78.6%

https://arxiv.org/abs/1604.05465

https://arxiv.org/abs/1604.05465


Average FWHM:

Cuoricino: 5.8 keV

CUORE-0: 4.9 keV

CUORE0 performance

FWHM = 4.9 keV

Calibration energy spectrum



CUORE-0 0nββ result

60Co

Combining the limit with 
Cuoricino experiment (90% C.L.):

T1/2 > 4.0 × 1024 yr

b = 0.058 ± 0.004 ± 0.002 cts/keV/kg/yr

T1/2 > 2.7 × 1024 yr

CUORE-0 Final Limit (90% C.L.)

CUORE-0 Background:

in the region of interest 

Phys. Rev. Lett. 115 (2015) 102502

Phys. Rev C 93 (2016) 045503



1) Identification of bkg sources:

I. CUORE-0 analysis

II. radio-assay 

measurements

III. cosmogenic activation 

analysis

2) MC model of the detector to 

simulate background sources

CUORE-0 background model 
Developed for understanding of bkgd contribution in the ROI

1       190Pt

2-7 232Th decay chain

8-13 238U decay chainCUORE-0 alpha energy spectrum



Fit CUORE0 spectrum w/o 2νββ

Full reconstruction 

between: 118 keV - 7 MeV

Reconstruction within 3σ 

range for most bins 



Fit CUORE0 spectrum w/o 2νββ
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Fit CUORE0 spectrum with 2νββ

Preprint at:

arXiv:1609.01666



CUORE BACKGROUND BUDGET Preliminary

* Activities from the CUORE0 background model (same materials and treatments of CUORE)

* [D.Chiesa talk at 28th Rencontres the Blois]

* Activities from new calculation with the most recent radionuclide production cross sections measured for Te 

[PRC92(2015)024620]

* Activities from measurements with HPGe and NAA (some are new)

* 𝛄, 𝝁, n fluxes at LNGS from measurements/calculations [Astrop. Phys. 33(2010)169]



CUORE cryostat commissioning

• Shielding

• Fast Cooling System: cool down detector to 4K in ~3 weeks

• Detector calibration system: 232Th calibration sources 

deployed from 300 K to 10 mK

• Stable base temperature @ 6.3 mK over more than 70 d

• Cooling power: 3μW @ 10 mK

Top

Lead Shield  

(2.5 tons)

@ 50  mK

Ancient 

Roman 

Lead Shield 

(5 tons)

@ 4 K



Mini Tower Test Run

• 8 TeO2 bolometers (Mini-Tower) have been operated in 

CUORE cryostat to validate performance.

• Stable base temperature during operations

• Good detector performance (energy resolution).

• No indications of unaccounted-for bkg sources. 

• Successful test of electronics, DAQ, temperature 

stabilization, and detector calibration systems.

Calibration energy spectrum



CUORE tower installation



CUORE tower installation



Summary

• TeO2 bolometers offer a well-established and competitive technology for 0νββ 

decay investigation.

• CUORE-0 demonstrated that the CUORE sensitivity is within the reach. 

• CUORE-0 result, combined with Cuoricino, currently sets the best limit on 

0νββ T1/2  of 130Te.

• 130Te 2νββ half-life has been measured (paper submitted to EJPC).

• The 19 CUORE towers have been installed in the cryostat. 

CUORE operations will start by the end of this year. 



CUORE Sensitivity



Plans for the future: CUORE Upgrade with Particle ID (CUPID)

Goal:  build a large bolometric 0νββ 

experiment with ~1 ton of isotope and 

nearly zero background.

arxiv.org/abs/1504.03599

• Based on the CUORE design, CUORE 

cryogenics

• Enrichment (130Te, 82Se, 116Cd, 100Mo)

• Background rejection (scintillating 

bolometers, Cherenkov tagging, surface 

rejection, improved resolution…) 

• Active vetoes 

• Goal: reach sensitivity to entire IH region:

• Half-life sensitivity (2-5)x1027 y in 10 y

• mββ sensitivity 6-20 meV

Several R&D activities to select the highest 

performing one



Thank you

on behalf of the CUORE Collaboration


