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Cryogenic Underground Observatory for Rare Events
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Double Beta Decay

3

2νββ 0νββ

(A,Z � 2) ! (A,Z) + 2e� + 2⌫e (A,Z � 2) ! (A,Z) + 2e�

ββ− ββ+

β−

Z Z+1 Z+2Z−1Z−2

Atomic Number

N, Z even

N, Z odd

forbidden

Even Mass Number

N
u
c
le

a
r 

M
a
ss

2νββ 

0νββ 

Two Neutrino Double Beta Decay (2νββ) 
• Rare, but allowed by the Standard Model 
• Has been experimentally observed in 

several isotopes 
• T 2⌫

1/2 � 1018 y

Neutrinoless Double Beta Decay (0νββ)
If observed, then: 
• Establish ΔL = 2 Lepton Number Violation 
• Establish the Majorana nature of the 

neutrino (Schechter & Valle “Black Box”)  
• Determination of the absolute neutrino 

mass scale 
• Possible determination of the neutrino 

mass hierarchy
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Neutrinoless Double Beta Decay (0νββ)
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Neutrinoless Double Beta Decay (0νββ)
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Uαi, Δmij from measurements of: 
• Solar neutrinos 
• Reactor neutrinos 
• Atmospheric neutrinos 
• Long Baseline Accelerator neutrinos

T 0⌫
1/2 & 1026 years

m�� ⇠ 100meVSensitivity to                             requires 
sensitivity to

“Lobster Plot”
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Neutrinoless Double Beta Decay F.O.M.
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• a: isotopic abundance 
• ε: detection efficiency 
• M: source mass 
• t: exposure time 
• b: ROI background rate 
• δE: ROI energy resolution

Goal: sensitivity to T 0⌫
1/2 & 1026 years
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Cryogenic Underground Observatory for Rare Events
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300 K

4 K

50 mK

40 K

600 mK

10 mK
top Pb shield 

(modern)

side Pb shield 
(archeological)

bottom Pb shield 
(archeological)

988 TeO2 crystal 
bolometers

• cryogen free cryostat 
• fast cooling (He vapor) to ~40 K 
• 5 Pulse Tubes down to ~4 K 
• dilution refrigerator down to ~10 mK 

nominal cooling power: 3 μW 
• total mass: ~30 tons 
• mass cooled < 4 K: ~15 tons 
• mass cooled < 50 mK: ~3 tons 

(Pb, Cu, and TeO2)

increase 
livetime

low down time vs 
“wet” refrigerators
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Cryogenic Underground Observatory for Rare Events
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cryostat

main support 
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H3BO3 
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seismic 
insulators
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walls

modern 
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Y-beam
Minus-K 
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Timeline of TeO2 Bolometric Detectors
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CUORE is the latest in the series
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Bolometric Detectors
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• Energy Deposited: E 
• Temperature: T 
• Heat Capacity: C = C(T)∝T3 

(Need to operate at ~10 mK) 
• Conductivity of the Thermal Link: G 
• Typical TeO2 ΔT ~ 0.1 mK/MeV
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Bolometric Detector Performance
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Technology ROI δE/Qββ (FWHM)
GERDA Ge Diode 0.13 to 0.30%

CUORE-0 TeO2 Bolometer 0.20%
EXO-200 Liquid Xe TPC 3.6%

KamLAND-Zen
136Xe loaded liquid 

scintillator 10 to 11%

Mod. Phys. Lett. A 31, 1630017 (2016)

Advantage: excellent energy resolution
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Isotope Choice: 130Te
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130Te:
Qββ = 2528 keV 
a(natural) = 34.2%
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r
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• High natural abundance 
• Enrichment is not necessary for the current 

generation of 0νββ searches
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The CUORE Detector
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• 19 towers 
• 52 TeO2 bolometers per tower 
• 988 TeO2 bolometers 
• 742 kg TeO2 mass 
• 130Te mass: 206 kg 

• near “ton-scale” experiment 
• highly segmented
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Backgrounds from Cosmic Rays
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A B 
C 

A24 

NE 

LNGS Average depth: ~3600 m.w.e. 
Muon Flux at LNGS: ~3x10-8 μ/(s cm2) 
(factor ~ ×106 reduction from the surface)

CUORE goal: b ≤ 10-2 counts/keV/kg/year 

Cosmic Rays:
• Direct interactions 
• Spallation products 
• Activation

T 0⌫
1/2(FOM) / a · ✏ ·
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b · �E



Brian Fujikawa (LBNL) Rencontres du Vietnam Neutrinos (16-22 July 2017)

Backgrounds from Natural Radioactivity
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background mitigation: 
• external shielding: 

• archeological & modern Pb 
• polythylene & boron-loaded 

• start with clean parts 
• contamination prevention: 

• underground storage in flowing N2 
• class 1000 clean room 
• glove box with flowing N2 
• final assembly in low Rn air

U/Th typically ~1 ppm level in dust, etc.

208Tl Eγ = 2.6 MeV > Qββ

220Rn & 222Rn 
inert gas

210Pb & 210Po 
long half-live

external: 
• neutrons 
• high energy γ-rays 

n-capture 
208Tl, 214Bi, etc.

degraded α’s
energy loss can put 
events in 0νββ ROI



Brian Fujikawa (LBNL) Rencontres du Vietnam Neutrinos (16-22 July 2017)

Clean Detector Components
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Ultra-pure TeO2 crystal array
Bulk activity  90% C.L. upper limits:
8.4×10-7 Bq/kg (232Th), 6.7×10-7 Bq/kg (238U), 3.3×10-6 Bq/kg (210Po)  
Surface activity 90% C.L. upper limits:  
1.9×10-9 Bq/cm2 (232Th), 8.9×10-9 Bq/cm2 (238U), 9.8×10-7 Bq/cm2 (210Po)

(arXiv:1704.08970)

• Crystal holder design optimized to reduce passive surfaces 
(Cu) facing the crystals 

• Developed ultra-cleaning process for all Cu components:
- Tumbling
- Electropolishing
- Chemical etching
- Magnetron plasma etching

• Benchmarked in dedicated bolometer run at LNGS
- Residual 232Th / 238U surface contamination of Cu: < 7×10-8 Bq/cm2

• All parts stored underground, under nitrogen after cleaning
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Tower Assembly
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Class 1000 Clean Room for Detector Assembly and Storage

Gluing

Assembly + Wire bonding

Storage

CUORE Cryostat• All parts cleaned/screened according 
to CUORE protocol

• Stored underground at LNGS

• Assembly in underground clean room
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CUORE Gluing Line
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3 mm

3 
m

m

Position Sensors Print Glue Matrix

Inspection
Quality Control

Glued Crystals

Robotic Arm
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Important for 
energy resolution
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Mechanical Assembly
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Parts are stored in 
nitrogen flushed boxes

And, transfered in vacuum boxes to 
nitrogen flushed glove boxes…
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Mechanical Assembly
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…where the towers are assembled.
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Wire Bonding
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19 (+1) Towers Assembled

22

(flushed nitrogen storage)
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Tower Installation
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reduced Rn air 
(< 5 mBq/m3 at outlet)

dry N2 flushing

all 19 towers installed 
16 August 2016
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CUORE is cold and running!
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Time
12/05-12:16 12/22-14:10 01/08-16:04 01/25-17:59 

T 
(K

)

10

210

Diode thermometer at 10mK plate

First pulse: 27 Jan 2017
Reached 8 mK: 26 Jan 2017

Current status of CUORE: 
•End of commissioning and beginning of data-taking: April 2017 
•Blind analysis currently in progress 
•Expect first results within the next few months
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CUORE-0
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•A total of 19 + 1 CUORE towers were assembled 
•CUORE-0 is the “0th” tower

CUORE Hut

Cuoricino Hut

• CUORE-0 tower running in Cuoricino cryostat 
• Base temperature (10 mK) achieved in Mar 2013
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CUORE-0
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• Uses the old Cuoricino cryostat  
• Electronics from Cuoricino 
• Shielding from Cuoricino 

• Inner lateral shield of Roman lead (1cm) 
• Inner top/bottom cap of Roman lead (20 cm) 
• Outer shield: 

• low-activity modern lead (10 cm ) 
• regular modern lead (10 cm ) 

• Borated PET neutron shield 
• Enclosed in Faraday cage and flushed with 

N2 for radon suppression 
• Cooled to base T (~10 mK) March 2013 
• Ran through March 2015
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CUORE-0: Simplified Analysis Chain
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DAQ continuously samples the NTD 
thermistor voltage at 125 Hz 

1. Software trigger identifies waveforms 
2. Data quality inspection
3. Apply optimal filter 
4. Apply thermal gain stabilization 
5. Energy calibration 
6. Apply blinding 
7. 0νββ candidate event selection 

1. Reject pileup events 
2. Apply pulse shape cut 
3. Apply anti-coincidence cut 

8. Unblind the data
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CUORE-0: Simplified Analysis Chain

28

DAQ continuously samples the NTD 
thermistor voltage at 125 Hz 

1. Software trigger identifies waveforms 
2. Data quality inspection 
3. Apply optimal filter
4. Apply thermal gain stabilization 
5. Energy calibration 
6. Apply blinding 
7. 0νββ candidate event selection 

1. Reject pileup events 
2. Apply pulse shape cut 
3. Apply anti-coincidence cut 

8. Unblind the data

Absorber Crystal 
(TeO2) 

Thermistor
(NTD-Ge)

Thermal coupling 
(PTFE)

Heat bath ~10 mK 
(Copper)

Energy 
release

Power Spectra for signal and noise events

Johnson 
noise

thermodynamic 
fluctuations



Brian Fujikawa (LBNL) Rencontres du Vietnam Neutrinos (16-22 July 2017)

CUORE-0: Simplified Analysis Chain
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DAQ continuously samples the NTD 
thermistor voltage at 125 Hz 

1. Software trigger identifies waveforms 
2. Data quality inspection 
3. Apply optimal filter 
4. Apply thermal gain stabilization 
5. Energy calibration 
6. Apply blinding
7. 0νββ candidate event selection 

1. Reject pileup events 
2. Apply pulse shape cut 
3. Apply anti-coincidence cut 

8. Unblind the data
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CUORE-0: Simplified Analysis Chain
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DAQ continuously samples the NTD 
thermistor voltage at 125 Hz 

1. Software trigger identifies waveforms 
2. Data quality inspection 
3. Apply optimal filter 
4. Apply thermal gain stabilization 
5. Energy calibration 
6. Apply blinding 
7. 0νββ candidate event selection 

1. Reject pileup events
2. Apply pulse shape cut 
3. Apply anti-coincidence cut 

8. Unblind the data
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CUORE-0: Simplified Analysis Chain
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DAQ continuously samples the NTD 
thermistor voltage at 125 Hz 

1. Software trigger identifies waveforms 
2. Data quality inspection 
3. Apply optimal filter 
4. Apply thermal gain stabilization 
5. Energy calibration 
6. Apply blinding 
7. 0νββ candidate event selection 

1. Reject pileup events 
2. Apply pulse shape cut 
3. Apply anti-coincidence cut

8. Unblind the data

~88% of 0νββ decays 
confined to single bolometer

Continuum background from multi-
Compton scatters and degraded 
alphas are mostly multisite events
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CUORE-0 0νββ ROI (unblinded)
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Simultaneous un-binned extended ML fit to range [2470,2570] keV 
Fit function has 3 components: 
1. Calibration-derived line shape modeling posited fixed at 2527.5 keV 
2. Calibration-derived line shape modeling 60Co sum-peak floated around 2505 keV 
3. Continuum background
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CUORE-0 0νββ Results
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CUORE-0 only: 

Combined CUORE-0 & Cuoricino:

the calibration FWHM values is 2.9 keV.
After unblinding the ROI by removing the artificial

peak, we determine the yield of 0νββ decay events from a
simultaneous UEML fit [26] in the energy region
2470–2570 keV (Fig. 3). The fit components are a posited
signal peak atQββ, a peak at ∼2507 keV from 60Co double-
gammas, and a continuum background attributed to multi-
scatter Compton events from 208Tl and surface decays [29].
We model both peaks using the established line shape. For
0νββ decay, the μb;dðQββÞ are fixed at the expected position
(i.e., 87.00 keV − ΔμðQββÞ below μ̂b;d, where 87.00 keV is
the nominal energy difference between Qββ and the 208Tl
line), the σb;d are fixed to be 1.05 × σ̂b;d, the δb;d and ηd;b
are fixed to their best-fit calibration values, and the 0νββ
decay rate (Γ0ν) is treated as a global free parameter. The
60Co peak is treated in a similar way except that a global
free parameter is added to the expected μb;d to accom-
modate the anomalous double-gamma reconstruction. The
60Co yield, although a free parameter, is constrained to
follow the isotope’s half-life [28] since it was cosmo-
genically produced above ground but is not replenished
underground at LNGS. Within the limited statistics the
continuum background can be modeled with a zeroth-order
polynomial; we consider first- and second-order alterna-
tives later.
The ROI contains 233 candidates in a total exposure of

35.2 kg yr of TeO2, or 9.8 kg yr of 130Te considering the
natural isotopic abundance of 34.167% [30]. The best-fit
Γ0ν is 0.01# 0.12ðstatÞ # 0.01ðsystÞ × 10−24 yr−1, and
the best-fit background index in the ROI is 0.058#
0.004ðstatÞ # 0.002ðsystÞ counts=ðkeV kg yrÞ.
We evaluate the goodness of fit by comparing the value

of the binned χ2 in Fig. 3 (43.9 for 46 degrees of freedom)
with the distribution from a large set of pseudoexperiments
with 233 Poisson-distributed events in each, and generated
with the best-fit values of all parameters; 90% of trials
return χ2 > 43.9. The data are also compatible with this set
of pseudoexperiments according to the Kolmogorov-
Smirnov metric. We quantify the significance of each of
the positive and negative fluctuations about the best-fit
function by comparing the likelihood of our best-fit model
to the likelihood from an UEML fit where the fluctuation is
modeled with a signal peak. For one degree of freedom, the
most negative (positive) fluctuation has a probability of
0.5% (3%). The probability to realize the largest observed
fluctuation anywhere in the 100-keV ROI is ∼10%.
We find no evidence for 0νββ decay and set a 90% C.L.

Bayesian upper limit at Γ0ν < 0.25 × 10−24 yr−1, or T0ν
1=2 >

2.7 × 1024 yr (statistical uncertainties only); the prior
used was uniform (πðΓ0νÞ ¼ 1 for Γ0ν >¼ 0). The median
90% C.L. lower-limit sensitivity for T0ν

1=2 is 2.9 × 1024 yr.
The probability to obtain a more stringent limit than the one
reported above is 54.7%. Including systematic uncertainties

(Table I) the 90% C.L. limits are Γ0ν < 0.25 × 10−24 yr−1

or T0ν
1=2 > 2.7 × 1024 yr.

To estimate systematic uncertainties we perform a large
number of pseudoexperiments with zero and nonzero
signals. We find the bias on Γ0ν from the UEML analysis
is negligible. To estimate the systematic error of the line
shape choice we repeat the analysis of each pseudoexperi-
ment with single- and triple-Gaussian models and study the
deviation of the best-fit decay rate from the posited decay
rate as a function of the latter. Similarly, we propagate the
5% uncertainty on ασðQββÞ, the 0.09 keV energy scale
uncertainty, and the choice of a zeroth-, first-, or second-
order polynomial for the background.
We combine our data with a 19.75 kg yr exposure of

130Te from Cuoricino [17]. The exposure-weighted mean
and rms FWHM energy resolution of the detectors were
6.9 keV and 2.9 keV, respectively; the ROI background
index was 0.169# 0.006 counts=ðkeV kg yrÞ. We report
the profile likelihoods in Fig. 4. The combined Bayesian
90% C.L. limit is T0ν

1=2 > 4.0 × 1024 yr, which is the most
stringent limit to date on this quantity. For comparison, the
90% C.L. frequentist limits [31] are T0ν

1=2 > 2.8 × 1024 yr
for CUORE-0 only, and T0ν

1=2 > 4.1 × 1024 yr for the
combination with Cuoricino.
We interpret our Bayesian combined limit in the context

of models for 0νββ decay mediated by light Majorana

TABLE I. Systematic uncertainties on Γ0ν for zero signal
(Additive) and as a percentage of nonzero signal (Scaling).

Additive (10−24 yr−1) Scaling (%)

Line shape 0.004 1.3
Energy resolution 0.006 2.6
Fit bias 0.006 0.15
Energy scale 0.006 0.4
Bkg function 0.004 0.7

Selection efficiency 0.7%
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FIG. 4 (color online). Profile negative log-likelihood (NLL)
curves for CUORE-0, Cuoricino [15–17], and their combination.

PRL 115, 102502 (2015) P HY S I CA L R EV I EW LE T T ER S
week ending

4 SEPTEMBER 2015

102502-5

Phys. Rev. Lett. 115, 102502 (2015) 
Phys. Rev. C 93, 045503 (2016)
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CUORE-0 Energy Resolution at 208Tl 2615 keV

34

Achieved the 5 keV resolution goal of CUORE
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CUORE-0 2νββ Analysis

35

Eur. Phys. J. C 77 13 (2017)

T 2⌫
1/2 = [8.2± 0.2(stat)± 0.6(syst)]⇥ 1020 years

T 2⌫
1/2 = [7.0± 0.9(stat)± 1.1(syst)]⇥ 1020 years (NEMO-3)

• Geant4-based CUORE MC 
• Bayesian JAGS Fit 
• Material assay 

(a priori constraints)

13 Page 14 of 18 Eur. Phys. J. C (2017) 77 :13

Fig. 8 Comparison between
the experimental M1 and JAGS
reconstruction (top panel). In
the bottom panel the bin-by-bin
ratios between counts in the
experimental spectrum over
counts in the reconstructed one
are shown; the corresponding
uncertainties at 1, 2, 3 σ are
shown as colored bands centered
at 1. Fit residuals distribution is
approximately Gaussian with
µ = (−0.03 ± 0.09) and
σ = (1.1 ± 0.1) Energy (keV)
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Fig. 9 Same as Fig. 8 for M2.
Fit residuals distribution is
approximately Gaussian with
µ = (−0.13 ± 0.08) and
σ = (1.00 ± 0.08)
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The priors for N j , which describe our prior knowledge about
source activities, are specified in Table 8. In the case of a
measured activity, we adopt a Gaussian prior centered at
the measured value with the measurement uncertainty as the
width of the Gaussian. For upper limits, we adopt a half
Gaussian with a width such that our 90% upper limit is the
90% value of theprior. In all the other cases, we use a uniform
non-informative prior with an activity that ranges from 0 to
an upper limit higher than the maximum activity compatible
with the CUORE-0 data. Similarly, we use uniform priors
over wide ranges for

〈
CMC
i j,α

〉
.

We chose a variable binning of the spectra to maximize the
information content while minimizing the effects of statisti-
cal fluctuations and detector non-ideal behavior. Therefore,
to avoid systematic uncertainties due to the lineshape, all the
counts belonging to the same γ or α peak are included in a

single bin. The minimum bin size in the continuum is 15 keV,
and bins with less than 30 counts are merged with their imme-
diate neighbor. The fit extends from 118 keV to 7 MeV. The
threshold at 118 keV is set to exclude the low-energy noise
events (contaminating few datasets) and the nuclear recoil
peak (which is mis-calibrated). In building the $2 spectrum,
we require that the energy of each event is above thresh-
old. An exception is set for events with E > 2.7 MeV in
coincidence with events below the fit threshold, to correctly
build-up the Q-value peaks in the α region of $2 spectrum.

8 Reference fit and systematics

The reference fit is the result of the fit to data from the
total 33.4 kg year TeO2 exposure. The reconstructions of the
experimental spectra are shown in Figs. 8, 9, and 10 for the
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Fig. 8 Comparison between
the experimental M1 and JAGS
reconstruction (top panel). In
the bottom panel the bin-by-bin
ratios between counts in the
experimental spectrum over
counts in the reconstructed one
are shown; the corresponding
uncertainties at 1, 2, 3 σ are
shown as colored bands centered
at 1. Fit residuals distribution is
approximately Gaussian with
µ = (−0.03 ± 0.09) and
σ = (1.1 ± 0.1) Energy (keV)
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Fig. 9 Same as Fig. 8 for M2.
Fit residuals distribution is
approximately Gaussian with
µ = (−0.13 ± 0.08) and
σ = (1.00 ± 0.08)

Energy (keV)

Co
un

ts 
/ k

eV

−110

1

10

210

310  - Experimental2M
 - Fit reconstruction2M

Energy (keV)
1000 2000 3000 4000 5000 6000 7000

Co
un

ts 
ra

tio

0
0.5

1
1.5

2

2.5 1 σ
2 σ
3 σ

The priors for N j , which describe our prior knowledge about
source activities, are specified in Table 8. In the case of a
measured activity, we adopt a Gaussian prior centered at
the measured value with the measurement uncertainty as the
width of the Gaussian. For upper limits, we adopt a half
Gaussian with a width such that our 90% upper limit is the
90% value of theprior. In all the other cases, we use a uniform
non-informative prior with an activity that ranges from 0 to
an upper limit higher than the maximum activity compatible
with the CUORE-0 data. Similarly, we use uniform priors
over wide ranges for

〈
CMC
i j,α

〉
.

We chose a variable binning of the spectra to maximize the
information content while minimizing the effects of statisti-
cal fluctuations and detector non-ideal behavior. Therefore,
to avoid systematic uncertainties due to the lineshape, all the
counts belonging to the same γ or α peak are included in a

single bin. The minimum bin size in the continuum is 15 keV,
and bins with less than 30 counts are merged with their imme-
diate neighbor. The fit extends from 118 keV to 7 MeV. The
threshold at 118 keV is set to exclude the low-energy noise
events (contaminating few datasets) and the nuclear recoil
peak (which is mis-calibrated). In building the $2 spectrum,
we require that the energy of each event is above thresh-
old. An exception is set for events with E > 2.7 MeV in
coincidence with events below the fit threshold, to correctly
build-up the Q-value peaks in the α region of $2 spectrum.

8 Reference fit and systematics

The reference fit is the result of the fit to data from the
total 33.4 kg year TeO2 exposure. The reconstructions of the
experimental spectra are shown in Figs. 8, 9, and 10 for the
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form two JAGS fits. In the first fit, the half-Gaussian priors
used in the case of upper limits on source activities are
changed to uniform priors with the minimum at 0 and the
maximum at 3σ above the upper limit. In the second fit,
uniform non-informative priors are used for all compo-
nents. In both cases, the global fit reconstruction is good
and the 2νββ result changes by ∼1%.

– Selection of background sources: In the reference fit there
are 14 undetermined sources whose activity is quoted as
upper limit. To check the fit stability against the removal
of these sources, we run a minimum model fit with only
43 sources. Once more, the global fit reconstruction and
the 2νββ result are not affected.

– Subset of data: We compare fit results obtained with var-
ious subsets of data.
We search for time-related systematics by dividing the
data into alternating datasets or grouping Rn-low and Rn-
high datasets. Each study is performed with at least 1/3
of the total exposure. The Rn-low and Rn-high data are
obtained by grouping the datasets in which the 214Bi lines
are more or less intense than the mean. This allows us to
study if changes in the 214Bi background influence the fit
quality. The reconstruction results are compatible with
the reference fit. The 238U contamination in the CryoExt,
which includes the air volume with the variable 222Rn
source, converges on results compatible with the different
222Rn concentrations.
Finally, we investigate the dependence of the recon-
struction on geometry by grouping the data by different
floors: odd and even floors, upper and lower floors, the
floors from 3 to 8 (central), and the complementary ones
(peripherals). In this way, we explore the systematics due
to model approximations. In Monte Carlo simulations
we assumed contaminants to be uniformly distributed in
each component of the experimental setup (except for the
point sources) and we modeled the average performance
of bolometers. In all studies, the reconstruction is good,
but we observe variations in the activities of the sources.
In particular, the 2νββ activity varies by about ±10%.

In the tests detailed above, the overall goodness of the fit
remains stable, while we observe variations in the activities
of the individual sources. These variations are used as an
evaluation of the systematic uncertainty on the 57 source
activities (Table 8, sixth column).

There are caveats using the reference fit results as an exact
estimation of the material contamination. Indeed, degenerate
source spectra allow us to use a single source to represent a
group of possible sources. Examples are: theHolder that also
accounts for the contribution of the Small Parts, surface con-
taminants in close components that are modeled with few
representative depths, or bulk contamination in far compo-
nents that also include surface ones.

9 130Te 2νββ decay

The background reconstruction allows us to measure the
2νββ of 130Te with high accuracy. Figure 12 shows the fit
result compared with the CUORE-0 M1. 2νββ produces
(3.27 ± 0.08) × 104 counts, corresponding to ∼10% of the
events in the M1 γ region from 118 keV to 2.7 MeV. As
shown in Fig. 13, removing the 2νββ component results in a
dramatically poorer fit in this region.

The 2νββ activity is (3.43 ± 0.09) × 105 Bq/kg, with
a statistical uncertainty that is amplified by the strong anti-
correlation to the 40K contamination in crystal bulk (but not
to other 40K sources). Indeed, this is the only case where
the β spectrum of 40K (having a shape that resembles that
of 2νββ) contributes to the detector counting rate. For all
the other 40K sources, only the EC decay (branching ratio
89%) contributes to the detector counting rate through the
1460 keV line and its Compton tail. The Posterior for the
2νββ activity as obtained from the reference fit is shown in
Fig 14. Also shown is the Posterior associated to the fit bias.
This is derived from systematic studies discussed in Sect. 8
and is represented as a flat distribution. Figure 14 also shows
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Fig. 12 CUORE-0 M1 compared to the 2νββ contribution predicted
by the reference fit and the radioactive source that has the strongest
correlation with 2νββ, 40K in Crystal bulk
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Fig. 13 CUORE-0 M1 compared to the reconstruction predicted by
the fit without the 2νββ source
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TeO2: natural radioactivity

NOSV Cu: natural radioactivity

NOSV Cu: cosmogenic activation

TeO2: cosmogenic activation

OFE Cu: natural radioactivity

Roman Pb: natural radioactivity

Modern Pb: natural radioactivity

Superinsulation: natural radioactivity

Stainless steel: natural radioactivity

Environmental neutrons

Environmental gammas

Environmental muons

Preliminary

• “Radio-assay” by CUORE-0 
from 2νββ analysis 

• Material assay 
• Geant4-based CUORE MC

b = [1.02± 0.03(stat)+0.23
�0.10(syst)]⇥ 10

�2
counts/keV/kg/year
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CUPID: CUORE Upgrade with Particle ID

• Goal: sensitivity to the full IH region 

• Requires: 
• ≳1 ton of ββ isotope 
• CUORE-like energy resolution 

• Background index 

• ≥×103 reduction relative to CUORE

b . 10

�1
counts/(keV · ton · year)

T 0⌫
1/2 ⇠ 1027 � 1028 years

�E/Q�� ⇠ 0.2% (FWHM)

The CUPID Interest Group: arXiv:1504.03599 & arXiv:1504.03612
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Please see the related talks at this conference: 

Wednesday 19 July 2017: 
• Laura Cardani (morning session) 

Innovative light detectors for background rejection in CUORE and 
CUPID  

Thursday 20 July 2017: 
• Claudia Nones (09:30, next talk) 

Scintillating bolometers for the study of double beta decay 
• Nicola Casali (10:00) 

CUPID-O Cryogenic calorimeter with particle ID for double beta decay 
• Andrea Giuliani (11:00) 

A 100Mo pilot experiment with scintillating bolometers (CUPID activities) 
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