
•An automated system lowers 
warm 232Th calibration sources 
into the cryostat and cools them 
to base temperature monthly

• Several lines from the 232Th decay chain are used to calibrate 
the CUORE detectors
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Overview

Initial performance of the CUORE detector
Jeremy S. Cushman* for the CUORE Collaboration

*Wright Laboratory, Department of Physics, Yale University, New Haven, CT 06520

Neutrinoless double-beta (0νββ) decay is a hypothesized lepton-
number-violating nuclear decay in which two electrons and no 
neutrinos are released from an atomic nucleus.

The observation of 0νββ decay would:
• Establish that neutrinos are Majorana particles
• Be the first evidence of lepton number violation
• Allow us to determine the effective Majorana neutrino mass 

of the electron neutrino
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CUORE

• The Cryogenic Underground Observatory for Rare Events 
(CUORE) is searching for 0νββ in 130Te (Q = 2527.515 keV)

• Located deep underground (~3600 m.w.e) at the Laboratori 
Nazionali del Gran Sasso (LNGS) in Assergi, Italy

• Composed of 988 TeO2 crystals, arranged into 19 towers
• TeO2 crystals are the 0νββ source material and are operated as 

bolometric detectors at ~15 mK
• Total detector mass of 742 kg, with 206 kg of 130Te
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Detectors

• Each detector tower contains 4 columns, each with 13 crystals
• Each crystal is instrumented with a Neutron Transmutation 

Doped germanium (NTD-Ge) thermistor and a silicon heater
• The frame of the tower is copper, and the crystals are 

thermally coupled to the copper with PTFE supports

TeO2 crystal
Si Heater

NTD-Ge Thermistor

• Energy depositions in the TeO2 crystals are measured by 
continuously recording the voltage across each thermistor

• Each pulse in the detector is filtered, digitized, and saved
• The amplitude of each pulse is proportional to the energy 

deposited in the crystal
• The bolometers take approximately 5 seconds to recover their 

baseline temperature after each pulse

CUORE cryostat
First dataset

• The first CUORE dataset was acquired in May and June 2017
• The dataset began and ended with approximately 3 days of 

calibration with 232Th sources
• 984 of 988 bolometers are 

functioning (99.6%), and the 
first analysis is performed with 
889 bolometers (90%)

• We acquired 38.1 kg⋅yr of TeO2 
exposure in total, 
corresponding to 10.6 kg⋅yr of 
130Te exposure

Calibration

Resolution and energy reconstruction

• The resolution and response function of each detector is 
calculated from a fit to the 2615 keV calibration line

Fit summed over all channels

• We estimate the resolution of the physics data by comparing 
the resolution of the 2615 keV line in physics data to that of 
calibration data

• We estimate our resolution at Q = 2528 keV to be 74% of the 
resolution of the 2615 keV calibration line, and the energy 
reconstruction to be accurate within 0.5 keV

• We are exploring several promising paths for improving our 
resolution through noise reduction and improved data processing

Data acquisition

Sensitivity

• CUORE has started taking physics data and plans to accumulate 
5 years of live time over the course of the experiment

• Our expected 5-year sensitivity is T1/20ν > 9 × 1025 yr
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1. 239 keV from 212Pb 
2. 338 keV from 228Ac 
3. 583 keV from 208Tl 
4. 911 keV from 228Ac 
5. 969 keV from 228Ac 
6. 2615 keV from 208Tl

Cryogenics

• CUORE is operated in a cryogen-free cryostat that cools 
several tons of material to cryogenic temperatures

• Liquid helium vapor used to cool the cryostat to ~50 K
• Pulse tube cryocoolers cool detectors to ~4 K
• Dilution refrigerator can cool detectors to below ~10 mK, with 

3 µW of power at 10 mK
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Optimization

• Detector temperature is stable to within ~0.25 mK during data 
taking, as measured by a noise thermometer
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Noise reduction

• We have employed a variety of 
strategies to minimize noise through 
vibration isolation

• The pulse tube system is a primary 
contributor to noise, which is mitigated 
through the use of a sandbox, cold 
mechanical decouplers, active phase 
cancellation between the 5 pulse tubes, 
and remote motor heads suspended 
independently from the cryostat
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Fig. 2: 90% CI exclusion sensitivity for a 5 keV (left) and a 10 keV FWHM (right). The red crosses correspond to
the median sensitivity for a BI of 10-2 cts/(keV·kg·yr), while the smaller black crosses correspond to the median
sensitivity obtained after shifting the BI up and down by an amount equivalent to its statistical and systematic
uncertainty summed in quadrature. The uncertainty on BI yields a +4%

�9% e↵ect on the median sensitivity. The
di↵erent colored areas depict the ranges containing the 68.3, 95.5 and 99.7% of the toy-MC experiments. They are
computed for each live time value separately as described in Fig. 1, bottom. We also show the sensitivity computed
as in [12] in dark green. The horizontal green line at 4 · 1024 yr corresponds to the limit obtained with CUORE-0
and Cuoricino [8].

month, the total number of energy spectra would be ⇠
6 ·104. Assuming a di↵erent but stationary BI for each
crystal, and using the same 60Co rate for all crystals,
the fit model would have ⇠ 103 parameters. This rep-
resents a major obstacle for any existing implementa-
tion of the Metropolis-Hastings or Gibbs sampling algo-
rithm. A possible way to address the problem might be
the use of di↵erent algorithms, e.g. nested sampling [20,
21], or a partial analytical solution of the likelihood
maximization.

We perform two further cross-checks in order to in-
vestigate the relative importance of the flat background
and the 60Co peak. In the first scenario we set the BI
to zero, and do the same for the 60Co rate in the second
one. In both cases, the data are not divided into subsets,
and resolutions of 5 and 10 keV are considered. With no
flat background and a 5 keV resolution, no 60Co event
leaks in the ±3� region around Q

��

even after 5 yr of
measurement. As a consequence, the 90% CI limits are
distributed on a very narrow band, and the median sen-
sitivity reaches 1.2 ·1027 yr after 5 yr of data collection.
On the contrary, if we assume a 10 keV FWHM, some
60Co events fall in the 0⌫�� decay ROI from the very
beginning of the data taking. This results in a strong

asymmetry of the sensitivity band. In the second cross-
check, we keep the BI at 1.02·10-2 cts/(keV·kg·yr), but
set the 60Co rate to zero. In both cases, the di↵erence
with respect to the standard scenario is below 1%. We
can conclude that the 60Co peak with an initial rate of
0.428 cts/(kg·yr) is not worrisome for a resolution of up
to 10 keV, and that the lower sensitivity obtained with
10 keV FWHM with respect to the 5 keV case is as-
cribable to the relative amplitude of �bkg

di

and �0⌫
di

only
(Eqs. 9 and 13). This is also confirmed by the computa-
tion of the sensitivity for the optimistic scenario with-
out the 1.9 keV of the 60Co peak used in the standard
case.

We test of the fit correctness and bias computing
the pulls, i.e. the normalized residuals, of the number
of counts assigned to each of the fit components. Denot-
ing with N bkg and NCo the number of generated back-
ground and 60Co events, respectively, and with M bkg

and MCo the corresponding number of reconstructed
events, the pulls are defined as:

r
bkg(Co) =

M bkg(Co) �N bkg(Co)

�
M

bkg(Co)

, (21)

where �
M

bkg(Co) is the statistical uncertainty onM bkg(Co)

given by the fit.
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