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Abstract. The CUORE-0 experiment, a 52 bolometer array searching for neutrinoless double beta decay from 130Te, has started
taking data in spring 2013 underground at the Laboratori Nazionali del Gran Sasso (LNGS). The excellent results obtained in terms
of energy resolution and background level allowed this experiment to reach the sensitivity of Cuoricino in approximately half the
runtime. Combining CUORE-0 data (9.8 kg·yr exposure of 130Te) with the 19.75 kg·yr exposure of the Cuoricino experiment, we
obtain the most stringent limit to date on the half-life of this isotope (T1/2 > 4.0 × 1024 yr). In this article, we review the results
from CUORE-0 and discuss the status and the physics potential of CUORE, a 19 times larger bolometer array that plans to begin
operations by end of this year.

Introduction

The discovery of the neutrinoless double beta decay (0νDBD) would demonstrate that lepton number is not a symme-
try of nature, establish that neutrinos are Majorana fermions and possibly constrain the absolute neutrino mass scale.
Current limits on the half life of the 0νDBD are of the order of 1025 years, therefore the search for this process sets
stringent requirements on the features of the detectors. Devices with large mass and good energy resolution are partic-
ularly appealing. A good energy resolution strongly reduces the natural background produced by 2νDBD, the ultimate
limit to the background in the energy region of the decay, while a large number of isotopes that can undergo 0νDBD
is needed to increase the sensitivity. Bolometers are therefore almost ideal detectors for 0νDBD searches because they
can achieve excellent energy resolution, high detection efficiency and good radio-purity levels. Moreover, the Cuori-
cino experiment [1], other than set the current limit on the 0νDBD of 130Te, gave fundamental informations about
long term operation of an array of 62 bolometers and allowed to characterize the sources of background in bolometric
experiments for 0νDBD searches. The dominant source of background in the region of interest (ROI) was attributed to
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α surface contaminations of the materials facing the detector, namely the copper mechanical structure. For this reason
a new design for the support structure that reduces the inert surfaces facing the detector has been studied for CUORE
and several surfaces cleaning techniques were tested [2].

CUORE-0

CUORE-0 is a CUORE-style tower (52 TeO2 crystals, 39 kg of TeO2 mass and 10.9 kg of 130Te) built using the
same materials, assembly devices and procedures developed for CUORE. Actually, given the sizable mass and the
low background level reached in CUORE-0, it operated also as an independent 0νDBD experiment while CUORE is
under construction.

All the CUORE-0 assembly procedure operations were conducted in glove boxes under nitrogen atmosphere to
minimize oxidization and contamination of radon. The process started with the gluing of thermistors and heaters to
crystals with a robotic system to gain high uniformity among detectors. It was followed by the mechanical assembly
of the instrumented crystals, cleaned copper parts, and PTFE spacers into a tower. Two sets of flexible readout cables
were then attached on opposite sides of the tower, and a wire bonder was used to bond the thermistors to the bonding
pads on the readout boards.

CUORE-0 was operated in the same cryostat that previously hosted Cuoricino, in the Hall A of LNGS and
maintained an operating temperature of ∼10 mK. The analog read-out of the thermistor was performed using the same
electronics that was used for Cuoricino.

CUORE-0 data taking started in March 2013. A CUORE-0 dataset consisted of 3-4 weeks of low background
data taking preceded and followed by 2–3 days of calibration runs. The total TeO2 background exposure amounts to
35.2 kg·y (9.8 kg·y of 130Te).

Each thermistor voltage was continuously acquired at a rate of 125 Hz. Events were identified using a software
trigger. Once triggered, we analyzed a 5-s-long window consisting of 1 s before and 4 s after the trigger. The pre-
trigger voltage allowed to determines the bolometer temperature before the event, the pulse amplitude established the
energy. In the analysis we have applied two parallel pulse filtering techniques, denoted optimal filter and decorrelated
optimal filter, as well as two thermal gain stabilization techniques [3].

During the offline analysis, noisy pulses were identified and discarded as a result of the comparison with a set of
template signals. Calibration spectra were analyzed to extract the correct calibration function of each detector. Finally,
the time coincidences between events on different crystals was evaluated to be used in the anti-coincident analysis.
Since the majority of 0νDBD events are expected to be fully contained in a single crystal, only single crystal events
were selected for the 0νDBD search.

The overall detection efficiency in this analysis is 81.3±0.6 %, which includes the shape, anti-coincidence, trigger
and containment efficiencies. The 0νDBD ROI was blinded to avoid biasing in the subsequents analysis and allowed
to test the fitting algorithms used after unblinding [4].

The measured exposure-weighted harmonic mean of the FWHM energy resolution at the 2615 keV line of 208Tl
is 4.9 keV on calibration runs.

The comparison of the Cuoricino background spectrum and the CUORE-0 one is reported in Fig. 1. The con-
tinuum from 2.7 to 3.9 MeV is attributed to degraded α particles from surface contaminations. This α continuum
extends down into the ROI and was 0.110±0.001 counts/keV/kg/y in Cuoricino. The value measured in CUORE-0
is 0.016±0.001 counts/keV/kg/yr. The factor of ∼7 reduction from Cuoricino proves the success of the radio-purity
protocols that were implemented for the CUORE production and assembly.

The best-fit value of the background index in the ROI is 0.058±0.004(stat.)±0.002(syst.) counts/keV/kg/yr and
it is dominated by residual environmental γ and from Th cryostat contaminations. This contribution will be greatly
reduced in CUORE thanks to the newly designed dilution refrigerator made of low radioactivity materials and to the
thicker shielding.

After the unblinding, we found no evidence for neutrinoless double-beta decay of 130Te and placed a Bayesian
lower bound on the decay half-life, T1/2 > 2.7×1024 yr at 90% C.L.. Combining CUORE-0 data with the 19.75 kg·yr
exposure of 130Te from the Cuoricino experiment we obtained T1/2 > 4.0×1024 yr at 90% C.L., the most stringent limit
to date on this half-life [3].
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FIGURE 1. Cuoricino (line) and CUORE 0 (shaded) background spectra comparison. Only events with a single crystal hit are
considered (anti-coincidence mode).

CUORE and beyond

CUORE (Cryogenic Underground Observatory for Rare Events) [5] is a 741 kg array of 988 TeO2 bolometers currently
in an advanced construction phase at LNGS. If the target background of 0.01 counts/keV/kg/yr will be reached, in five
years of data taking and with an energy resolution of 5 keV FWHM, CUORE will have a 90% half life sensitivity of
9.5×1025 yr.

To achieve this challenging background level, in addition to the effective cleaning and the assembly techniques
used for CUORE-0, CUORE will have a much smaller detector surface facing inert materials. Moreover, the high
granularity of the CUORE detector will allow to reduce the flat α background due to surface contaminations of the
crystals and the residual γ background thanks to the analysis of the coincidences between the crystals.

The assembly of the detectors has been completed and the 19 towers of CUORE are now stored underground
waiting for their installation into the cryostat. The cryostat is already assembled and passed the 4K commissioning
test. The Dilution Unit has been installed in the main cryostat in 2014 and reached a temperature of ∼6 mK. The final
integration run is ongoing and we expect to deploy the array of crystals in the cryostat later this year.

Despite the considerable efforts devoted to CUORE, we are also looking forward on several R&Ds to design a
future tonne-scale bolometric 0νDBD experiment with a background close to zero at the ton×year exposure scale. In
order to achieve this ambitious science goals, CUPID (CUORE Upgrade with Particle ID) aims to increase the source
mass and dramatically reduce the backgrounds in the region of interest. This requires isotopic enrichment and new
detector technologies with active background rejection capabilities [6].
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