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CUORE searches for 0νββ decay of 130Te in natTeO2 bolometers

0.75 Kg natTeO2 crystals

‣  C~10-9 J/K →ΔT/ΔE~100μK/MeV

NTD-Ge thermistor: R=R0exp(T0/T)1/2

‣ R~ 100 MΩ →ΔR/ΔE~3MΩ/MeV

Resolution @ 0νββ energy (~2528 keV): ΔEFWHM = 5-7 keV 
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The CUORICINO experience
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‣ 62 TeO2 crystals operated at LNGS

‣ 130Te: i.a.~34%, Qββ~2528 keV

‣ Exposure: 19.75 kg⋅yr 130Te  

‣ T0ν1/2 > 2.8⋅1024 yr (90% CL)     mββ < (300-710) meV

‣ Bkg level: 0.169 ± 0.006 c/(keV·kg·yr)  
Astropart. Phys. 34 (2011) 822–831

                 



CUORE at LNGS
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3.6 km.w.e. average deep

μs: ~3x10-8/(s cm2)

γs: ~0.73/(s cm2)

neutrons: 4x10-6 n/(s cm2)

CUORE-0

CUORE Hut

Array of 988 TeO2 crystals, each crystal 5x5x5 cm3 (750 g)

• 19 towers - 13 floors - one 4 crystal module per floor

• 741 kg total mass - 206 kg of 130Te (~1027 130Te nuclei)

Bkg goal: 0.01 c/(keV·kg·yr) (~17 lower than CUORICINO)

Energy resolution goal: ΔEFWHM = 5 keV



CUORE: main challenges

Cryostat: 
‣ Custom pulse tube dilution refrigerator and cryostat. 

Technologically challenging: ~1 ton of detectors at 10 
mK

‣ Stringent radioactivity constraints on materials and 
clean assembly

‣ Independent suspension of the detector array from 
the dilution unit
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Cleaning

‣ Strict radio-purity control protocol to limit bulk and surface 
contaminations in crystal production 

‣ TECM (Tumbling, Electropolishing, Chemical etching, and 
Magnetron plasma etching) cleaning for copper surfaces 8 Advances in High Energy Physics
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Figure 7: (a) CUORE cryostat, with major components highlighted. (b) Detector calibration system (DCS).

the overall detector energy resolution in the noncalibration
data to be 5.7 keV, based on the FWHM of the 2615 keV peak
in the energy spectrum created by summing the data for all
active channels.

At present, the CUORE-0 data in the ROI for 0]!!
decay of 130Te is blinded while we accumulate more statistics
and work on optimizing event selection. To perform the
blinding, we exchange a random fraction of events within±10 keV of the decay’s "-value with events within ±10 keV
of the 2615 keV # peak; the number and identity of the
exchanged events are kept secret from the analyzers. Since
the number of events in the # peak is significantly larger
than that in any possible 0]!! peak, this blinding procedure
generates an artificial peak centered at the "-value which
hides any 0]!! decay signal. The ±10 keV exchange width
was chosen because it is approximately twice the FWHM
energy resolution of the detectors. Figure 5 shows the so-
called “salted peak” and the nearby 60Co # peak.

To find the average background rate in the ROI, we use
an unbinned maximum likelihood fit in which the likelihood
function includes two Gaussians (for the 60Co and 0]!!
decay peaks) and a constant continuum which incorporates
the$ and # backgrounds.Thefitted background rate is 0.072±0.011 counts/keV/kg/y. The main background contributions
in the ROI are # rays from decay of 208Tl coming from 232Th
in the cryostat and $ particles from radioactive decays on the

surface of the detectormaterials.The former is expected to be
similar to the # background measured in Cuoricino at 0.05-
0.06 counts/keV/kg/y, while the latter can be extrapolated
from the measured background rate at higher energies in the
range 2.7–3.9MeV. Any deviation from a constant (i.e., flat)
continuum background is contained in the systematic error
of the fitted background rate.

The $ continuum from 2.7–3.9MeV (excluding the peak
in the range 3.1–3.4MeV from decay of 190Pt in the
crystals) is above all naturally occurring # lines, so the
background in that region mainly comes from $ particles
whose energy has been degraded. In Figure 6, we com-
pare CUORE-0 with Cuoricino in the $ continuum region
and find that the CUORE-0 background rate is 0.019 ±0.002 counts/keV/kg/y, a factor of six less than in Cuoricino,0.110 ± 0.001 counts/keV/kg/y.
3.3. Projected Sensitivity. CUORE-0 data taking is ongoing
and expected to continue until CUORE comes online in
early 2015. With its improved background compared to the
previous generation of bolometer experiments, CUORE-0
has the potential to make a significant improvement on the
limit for 0]!! of 130Te. With roughly one year of live time,
CUORE-0 should surpass the half-life limit on 0]!! decay of130Te established by Cuoricino at 2.8×1024 y (90%C.L.) [24].



CUORE Assembly Line
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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 carried in N2-flushed glove 
boxes in CUORE clean room



CUORE Assembly Line
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Cabling

Gluing

Bonding

Figure 7: Gluing photos for Crystal 80736, Tower 11, position: 2-FIORI
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Assembly



Status of CUORE: assembly
All 19 towers are complete!

8Expect to deploy the array in the cryostat this year



Status of CUORE: cryogenic system
Cryostat assembled, passed 4 K commissioning test

Dilution unit able to maintain ~5 mK in standalone                                         
commissioning test

2 out of 3 planned integration runs already                                                           
reached ~6 mK base T

Final integration run (everything expect detectors) is ongoing
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Cryostat Vessel Flanges

Outermost shield

DU Installed in cryostat
DU Test Stand



CUORE-0
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Active mass:

• TeO2: 39 kg

• 130Te: ~11 kg 
(5⋅1025 nuclei)

Size similar to 
CUORICINO:

• 52x750g crystals

• 13 floor of 
4 crystals each

Same cryostat as CUORICINO:  
γ background (232Th) not expected to change   ⇒   test the α background

A single CUORE-like tower to test cleaning & assembly 



Data Taking
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• 2 campaigns, divided by major cryostat 
maintenance

• ~1-month datasets, with 2-3 days of shared 
calibration at beginning & end

• Total exposure: 35.2 kg·yr of TeO2 (9.8 
kg·yr  of 130Te)
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Run Time Efficiency: 84%
Live Time Efficiency: 47% CII

Run Time Efficiency: 83%
Live Time Efficiency: 55%

March 1, 2015

CUORE-0 Preliminary

50.4 %

21.3 %

13.4 %

13.1 %

1.7 %

Physics Down Time
Test Calibration
Other

CUORE-0 Dataset Run Time Breakdown



Calibration energy resolution
Exposure weighted sum of the line-shapes of each bolometer-dataset overlaid 
208Tl-2615 keV calibration data

Exposure weighted harmonic mean FWHM: 4.9 ± 2.9 keV

12

Reconstructed Energy (keV)
2560 2570 2580 2590 2600 2610 2620 2630 2640 2650

C
ou

nt
s /

 (0
.5

 k
eV

)  
 

1

10

210

310

410

Summed calibration data
Projected fit

γTl 208

 escapes
Te X-ray

2560 2570 2580 2590 2600 2610 2620 2630 2640 2650

)
σ

R
es

id
ua

l (

-6
-4
-2
0
2
4
6

CUORE-0 
Preliminary

CUORE goal of 5 keV reached



Energy (keV)
500 1000 1500 2000 2500

cn
ts/

ke
V

/k
g/

yr

-210

-110

1

10

210

1 2 6 6 2 5 5

3

4 2

2

2
42

2

2

4

CUORE-0
yr⋅Exposure: 35.2 kg

CUORE-0
yr⋅Exposure: 35.2 kg

Apr-02-2015        

CUORE-0 full spectrum
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(1) e+e-

(2) 214Bi 
(3) 40K
(4) 208Tl
(5) 60Co
(6) 228Ac

CUORE-0 Preliminary

Calibration spectrum from Th source normalised to 208Tl peak in physics data

Use prominent peaks in the physics data to check compatibility of calibration line-shapes

Calibration data
Physics data



CUORE-0 background

14

‣ 238U γ lines reduced by ~2 
(better radon control) 

‣ 232Th γ lines not reduced 
(originate from the cryostat)

‣ 238U/232Th α lines reduced   
(detector surface treatment)

Avg. flat bkg. [c/(keV·kg·yr)]

0νββ region 2700-3900 keV

CUORICINO
ε = 83% 0.169 ± 0.006 0.110 ± 0.001

CUORE-0
ε = 81% 0.058 ± 0.04 0.016 ± 0.001

α-dominatedβ/γ-dominated

190Pt

210Po

208Tl

Qββ=2528 keV

CUORE-0 
Preliminary

0ν
ββ

CUORE-0 
Preliminary



Best fit Γ0ν:

Best fit Γbkg:

90%CL  bayesian lower limit:    T0ν1/2 > 2.7⋅1024 yr 

Median 90% C.L. lower limit sensitivity: T0ν1/2 > 2.9⋅1024 yr,                                                   

CUORE-0: 0νββ search
Simultaneous UEML fit to 233 events in ROI [2470-2570 keV].
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Combine CUORE-0 and CUORICINO limit

T0ν1/2 > 4.0⋅1024 yr @ 90%CL         

mββ < (270-650) meV

130Te global limit
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CUORE-0 + Cuoricino combination

IBM-2 Phys. Rev. C 91, 034304 (2015)
QRPA-TU Phys. Rev. C 87, 045501 (2013)
pnQRPA Phys. Rev. C 91, 024613 (2015)

ISM Nucl. Phys. A 818, 139 (2009)
EDF Phys. Rev. Lett. 105, 252503 (2010)
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CUORE-0

‣ CUORE assembly and cleaning technique validated 

‣ Energy resolution and background goals achieved

‣ Combined with CUORICINO: most stringent limit on 0νββ decay of 130Te

T0ν1/2 > 4.0⋅1024 yr @ 90%CL        mββ < (270-650) meV

CUORE

‣ Towers assembly complete                                                      

‣ Commissioning of the cryogenic                                                                             
system in advanced phase

‣ Start operation by end of 2015

‣ 5 yr sensitivity                                                                                                                
bkg: 0.01 c/(keV·kg·yr), ΔEFWHM : 5 keV

T0ν1/2 = 9.5⋅1025 yr @ 90%CL        mββ < (50-130) meV

Conclusions
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arXiv:1504.02454

http://arxiv.org/abs/arXiv:1504.02454
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Event Selection
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�
0⌫ 0⌫�� decay rate

N60
Co

Number of 60Co events

�µ(60Co) 60Co energy o↵set

�B Background rate

�
0⌫ 0⌫�� decay rate 0.01 ±0.12 (stat.)± 0.01 (syst.)⇥ 10�24 yr�1

N60
Co

Number of 60Co events XX ??

�µ(60Co) 60Co energy o↵set 1.9 ±0.7 keV

�B Background rate 0.058 ±0.004 (stat.)± 0.002 (syst.) counts/(keV · kg · yr)

Selection E�ciency (%)

Trigger & reconstruction 98.529± 0.004

Pileup & Pulse shape 93.7± 0.7

Anticoincidence (0⌫�� containment) 88.4± 0.09

Anticoincidence (survive accidental) 99.6± 0.1

Total 81.3± 0.6

5

Pulse shape discrimination: discard 
events with unexpected shapes

Pile-up: discard multiple events in 
the same acquisition window

Anti-coincidence: select single 
crystal energy deposition



Use calibration 208Tl line @ 2615 keV 

Find a small low energy tail, well described by double gaussian:

Simultaneous UML fit to each bolometer-dataset calibration data to determine the line 
shape parameters

Fit includes bolometer-dataset independent parameters to model Compton 
continuum and background

Line shape used for calibration uncertainty study & for ROI peaks in the fit

Detector Response
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Primary gaussian ~ 95% of intensity
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Secondary gaussian:
Intensity (η) ~ 5% of total intensity
Mean (μ’) ~ 0.3% lower than μ, δ=μ’/μCommon width σ for both
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Sb,d(�µ,↵,�) = ⇢(Eb,d +�µ,↵ · �̂b,d,� · �̂b,d, ⌘̂b,d) (18)

Sb,d(�µ,↵) = ⇢(Eb,d ��µ,↵ · �̂b,d, �̂b,d, ⌘̂b,d) (19)

Eb,d = µ̂b,d + (2527.5� 2614.5) keV (20)

Eb,d = µ̂b,d + (2505.5� 2614.5) keV (21)

Sb,d(�µ,↵) = ⇢(Eb,d ��µ,↵ · �̂b,d, �̂b,d, ⌘̂b,d) (22)

(µ̂b,d, �̂b,d, �̂b,d, ⌘̂b,d) (23)

�µ(Q��) = 0.05 keV (24)

↵(Q��) = 1.05 (25)

�µ(60Co) : (26)

�µ(60Co) = 1.9± 0.7 keV (27)

�B = 0.058± 0.004 (stat.)± 0.002 (syst.)counts/(keV · kg · yr) (28)

N60
Co

=?? (29)

↵(60Co) = 1.05 (30)
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Calibration uncertainty
Projection of calibration line-shape to physics data 
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 μ (b,d) is allowed to vary around 
the expected calibrated energy via 

a global free parameter ∆μ(E)

σ (b,d) are varied relative to the 
ones calculated from calibration 

data via a global scaling parameter 
α(E)

δ (b,d) are varied relative to the 
ones calculated from calibration 

data by the ratio of E to 2615 keV

η (b,d) are fixed relative to the ones 
calculated from calibration data

CUORE-0 Preliminary

(1) e+e- annihilation - (2) 214Bi - (3)40K - (4)208Tl - (5) 60Co - (6) - 228Ac 



Calibration uncertainty
Projection of calibration line-shape to physics data 
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•  Fit a quadratic function to the physics 
peak residuals 

• Use the resulting best-fit function to 
estimate the offset at Qββ

• Use the standard deviation of the peak 
residuals about the best-fit to estimate 
the systematic uncertainty on Δμ(Qββ )

• We estimate the resolution scaling at  
Qββ  from a fit to the collection of peak 
resolution scaling parameters
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FIG. 2. Bottom: Calibration data in the region around
the 2615 keV 208Tl �-ray line, integrated over all bolometer-
datasets. The solid blue line is the projection of the UEML
fit described in the main text. In addition to a double-
gaussian lineshape for each bolometer-dataset, the fit function
includes terms to model a multiscatter Compton continuum, a
⇠ 30 keV Te X-ray escape peak, and a continuum background.
Top: Normalized residuals of the data and the best-fit model.

(88.4± 0.09)% using a Geant4 simulation [26, 27], while
the latter we determine to be (99.64 ± 0.10)% using the
1461 keV �-ray line from 40K . The total selection e�-
ciency is (81.3± 0.6)%.

We use the high-statistics 2615 keV 208Tl line in cali-
bration data to establish the detector response to a mo-
noenergetic deposit (lineshape) near the ROI. The data
exhibit a non-gaussian lineshape characterized by a pri-
mary peak and a secondary peak whose mean is lower
in energy by ⇠0.3% and whose amplitude is typically
⇠5% of the primary peak. The physical origin of this
structure is still under investigation. We studied several
lineshapes, including double- and triple-gaussian models;
while the latter perform well at the 208Tl line, we adopt
the double-gaussian lineshape as it is the simplest model
that reproduces the detector response over the broad-
est range of energies. We quantify the systematic uncer-
tainty associated with this choice below.

We parametrize the lineshape ⇢ for each bolometer-
dataset (b, d) as: ⇢b,d = ⇢(µb,d,�b,d, �b,d, ⌘b,d). For each
(b, d) pair, µb,d is the mean of the primary peak, �b,d
is the ratio of the means of the secondary and primary
peaks, �b,d is the common gaussian width of both peaks,
and ⌘b,d is the fractional intensity of the secondary peak.
We estimate these parameter values with a simultane-
ous, unbinned extended maximum likelihood (UEML) fit
to calibration data. Fig. 2 shows the fit result. In what
follows we denote the best-fit lineshape parameters of the
208Tl calibration line as µ̂b,d, �̂b,d, �̂b,d, and ⌘̂b,d; we char-
acterize these parameters in the context of the physics
data below.

We apply this lineshape in a series of UEML fits
to peaks of well-known energy between 511 keV and
2615 keV in the physics data (Fig.1). For a peak of
known energy E, µb,d(E) is allowed to vary around the

expected calibrated energy via a global free parameter
�µ(E). To account for energy dependence of the reso-
lution and a possible systematic di↵erence in resolution
between calibration vs. physics data we vary the �b,d rel-
ative to �̂b,d via a global scaling parameter ↵�(E). For

the �b,d we scale the corresponding �̂b,d by the ratio of E
to 2615 keV; we fix the ⌘b,d to the corresponding ⌘̂b,d.

The energy residual parameter, �µ(E), at each peak
is plotted in Fig. 1. A prominent outlier is the peak
attributed to 60Co double-gamma events which recon-
structs at 2507.6 ± 0.7 keV, 1.9 ± 0.7 keV higher than
the established value [28]; a shift of 0.84 ± 0.22 keV is
also observed for the single escape peak of the 208Tl
2615 keV gamma at 2104 keV. Calibration data taken
with a 60Co source confirm the double-gamma events re-
construct at higher energy, in agreement with our physics
data. Monte Carlo simulations show the double-gamma
energy deposit in a bolometer is significantly less local-
ized than the other single-gamma lines studied. We aim
to clarify if this could be responsible for the shift in re-
sponse with further studies. We note that the double
escape peak of the 208Tl 2615 keV line (E ' 1593 keV)
reconstructs within 0.13±0.30 keV of the expected value.
Since the interaction topology of the e+e� pair is simi-
lar to that expected from 0⌫�� decay we assume that
0⌫�� decay events would reconstruct according to the
calibrated energy scale.

We determine the calibration o↵set at Q�� from a
parabolic fit to the physics-peak residuals in Fig. 1, ex-
cluding the 60Co double-gamma and 208Tl single-escape
lines as outliers . We adopt the standard deviation of the
parabolic fit residuals as a systematic uncertainty. The
result is �µ(Q��) = 0.05± 0.05(stat.)± 0.12(syst.) keV.
Similarly, fitting the resolution-scaling parameter data
with a linear function we find ↵�(Q��) = 1.05 ± 0.05.
As a characteristic value of the detector resolution for
physics data in the ROI we quote the exposure-weighted
harmonic mean of the FWHM values of the ⇢b,d evalu-
ated with �b,d(Q��) = 1.05 ⇥ �̂b,d : 5.1 ± 0.3 keV. The
RMS of the exposure-weighted FWHM values is 2.9 keV.

After unblinding the ROI by removing the artificial
peak, we determine the yield of 0⌫�� decay events
from a simultaneous UEML fit [29] in the energy region
2470–2570 keV (Fig. 3). The fit has three components:
a posited signal peak at Q�� , a peak at ⇠ 2507 keV
from 60Co double-gammas, and a smooth continuum
background attributed to multiscatter Compton events
from 208Tl and surface decays [30]. We model both
peaks using the established lineshape. For 0⌫�� decay,
the µb,d(Q��) are fixed at the expected position (i.e.,
87.00 keV + �µ(Q��) below µ̂b,d, where 87.00 keV is
the nominal energy di↵erence between Q�� and the 208Tl
line), the �b,d are fixed to be 1.05 ⇥ �̂b,d, the �b,d and
⌘d,b are fixed to their best-fit calibration values, and the
0⌫�� decay rate (�0⌫) is treated as a global free param-
eter. The 60Co peak is treated in a similar way except
that a global free parameter is added to the expected
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�µ(Q��) = 0.05± 0.05(stat.)± 0.12(syst.) keV (13)

↵(Q��) = 1.05± 0.05 (stat.+ syst.) (14)
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� =
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Eb,d = µ̂b,d + (2204� 2615) (17)

3

(1) e+e- annihilation - (2) 214Bi - (3)40K - (4)208Tl - (5) 60Co - (6) - 228Ac 
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• Prominent outlier from 60Co double gamma events

• ~2507 keV reconstructed vs. ~2505 keV expected

• Similar effect seen in CUORICINO

• In a dedicated 60Co calibration run, the double gamma events reconstruct at ~2507 
keV in agreement with our physics data

Calibration uncertainty
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60Co calibration

60Co double-gamma events reconstruct at 
2507.6 ± 0.7 keV, 
1.9 ± 0.7 keV higher than the established 
value at 2505.6 keV
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2615 double escape peak
Same topology of neutrino-less double beta decay (2 electrons)

Reconstructs at the correct energy
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Fit in the ROI
We determined the yield of 0νDBD events by performing a simultaneous UEML fit 
in the energy region 2470-2570 keV 

The fit has 3 components:

‣ a posited peak at the Q-value of 130Te 

‣ a peak at 2507 keV, attributed to the double gamma events from 60Co in the 
nearby copper and constrained to follow 60Co half life

‣ a smooth continuum background, attributed to multi scattered Compton events 
from 208Tl and surface α events

The fit has 4 global free paramters:

‣ Γ0νββ,N60Co,Δμ(60Co),ΓB

26

Δμ (Qββ)= 0.05± 0.05 (stat.) ± 0.12 (syst.) 

ασ (Qββ)= 1.05± 0.05

both peaks are modelled using the 
established line shape

use flat background but also consider 
first- and second-order polynomials

used to shift μ(b,d) from calibration data

used to scale σ (b,d) from calibration data



Systematics
For each systematic, we run toy Monte Carlo to evaluate bias on fitted 0νββ 
decay rate

Bias is parametrised as p0 + p1×Γ, where p0=“additive” and p1=“scaling”

‣ Signal line-shape: use single  and triple gaussian alternatives

‣ Energy resolution:  vary resolution scaling parameter α(Qββ) within its 
uncertainty(5%)

‣ Energy scale: vary energy offset Δμ(Qββ) within its uncertainty(0.12 keV)

‣ Fit bias: Find fit procedure is not biased

‣ Bkg function: use 1st, 2nd-order polynomial alternatives

27

Signal 
line shape

Energy 
resolution Fit bias Energy 

scale
Background 

function
Efficiency 
correction

p0 (additive) 0.007 0.006 0.006 0.005 0.004

p1 (percentage 
bias) 1.3% 2.3% 0.15% 0.4% 0.8% 0.7%



Statistical checks

We compared the value of the binned !2 
with the distribution from a large set of 
Toy MC.                  

The 90% of such experiments return a 
value of !2>43.9 
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FIG. 3. Bottom: Energy spectrum of 0⌫�� decay candidates
in CUORE-0 (data points) and the best-fit model from the
UEML analysis (solid blue line). The peak at ⇠2507 keV is
attributed to 60Co; the dotted black line shows the continuum
background component of the best-fit model. Top: The nor-
malized residuals of the best-fit model and the binned data.
The vertical dot-dashed black line indicates the position of
Q�� .

µb,d to accomodate the anomalous double-gamma recon-
struction. Furthermore, the 60Co yield, although a free
parameter, is constrained to follow the 60Co half-life [28]
since 60Co was cosmogenically produced above ground
but is not replenished under ground at LNGS. Within
the limited statistics the continuum background can be
modeled using a simple slowly-varying function. We use
a zeroth-order polynomial as the default choice but also
consider first- and second-order functions.

The ROI contains 233 candidate events from a to-
tal TeO2 exposure of 35.2 kg·yr, or 9.8 kg·yr of
130Te considering the natural isotopic abundance of
34.167% [31]. The result of the UEML fit is shown in
Fig. 3. The best-fit value of the 0⌫�� decay rate is
�0⌫ = 0.01± 0.12 (stat.)± 0.01 (syst.)⇥ 10�24 yr�1 and
the profile likelihood for �0⌫ is shown in Fig. 4. The
best-fit value of the background index in the ROI is
0.058± 0.004 (stat.)± 0.002 (syst.) counts/(keV·kg·yr).

We evaluate the goodness-of-fit by comparing the value
of the binned �2 in Fig. 3 (43.9 for 46 d.o.f.) with the
distribution from a large set of pseudo-experiments with
233 Poisson-distributed events in each, and generated
with the best-fit values of all parameters. We find that
90% of such experiments return a value of �2 > 43.9.
The data are also compatible with this set of pseudo-
experiments according to the Kolmogorov-Smirnov met-
ric. Finally, for each of the positive and negative fluctua-
tions about the best-fit function we evaluated the signifi-
cance by comparing the likelihood of our best-fit model to
the likelihood from an UEML fit in which the fluctuation
was modeled with a signal peak. For one d.o.f, the most
negative (positive) fluctuation has a probability of 0.5%
(3%). The probability to realize the largest observed fluc-
tuation anywhere in the 100-keV ROI is ⇠ 10%.

We find no evidence for 0⌫�� of 130Te and set a 90%
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FIG. 4. Profile negative log-likelihood (NLL) curves for
CUORE-0, Cuoricino [16–18], and their combination.

C.L. Bayesian upper limit on the decay rate using a uni-
form prior distribution (⇡(�0⌫) = 1 for �0⌫ >= 0) at
�0⌫ < 0.25 ⇥ 10�24 yr�1 or T 0⌫

1/2 > 2.7 ⇥ 1024 yr (sta-

tistical uncertainties only). The median 90% C.L. lower-
limit sensitivity for T 0⌫

1/2 is 2.9 ⇥ 1024 yr. The proba-
bility to obtain a more stringent limit than the one re-
ported above is 54.7%. Including the systematic uncer-
tainties which are described below, the 90% C.L. limits
are �0⌫ < 0.25⇥ 10�24 yr�1 or T 0⌫

1/2 > 2.7⇥ 1024 yr.
To estimate systematic uncertainties we perform a

large number of pseudo-experiments with zero and non-
zero signal. We find that our UEML analysis has neg-
ligible bias on �0⌫ . To estimate the systematic er-
ror from the lineshape choice we repeat the analysis of
each pseudo-experiment with single-gaussian and triple-
gaussian lineshapes and study the deviation of the best-
fit decay rate from the posited decay rate as a function
of posited decay rate. We also propagate the 5% uncer-
tainty on ↵�(Q��), the 0.12 keV energy scale uncertainty
and the choice of zeroth-, first-, or second-order polyno-
mial for the continuum background using this technique.
The resultant systematic uncertainties are summarized
in Table I.

TABLE I. Systematic uncertainties on �0⌫ in the limit of zero
signal (Additive) and as a percentage of nonzero signal (Scal-
ing).

Additive (10�24 y�1) Scaling (%)
Lineshape 0.007 1.3
Energy resolution 0.006 2.3
Fit bias 0.006 0.15
Energy scale 0.005 0.4
Bkg function 0.004 0.8
Selection e�ciency 0.7%

We combine our data with an existing 19.75 kg·yr
exposure of 130Te from the Cuoricino experiment [18].
The exposure-weighted mean and RMS FWHM energy

• Estimate the significance of 
fluctuations from a likelihood ratio test 

• Compare hypotheses modelling 
fluctuations with a peak to our best-fit 
model   

• None of the fluctuations has a 
significance >3σ C.L.  

• Probability to observe the largest 
fluctuation somewhere in the 100 keV 
ROI is ~10%
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ROI:CUORE-0 vs CUORICINO
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ROI events distribution per ch,time
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Detector stability

31

CUORE-0 Preliminary CUORE-0 Preliminary

• Spread of NTD resistances across 
detector within factor of 3 

• Resistance of individual NTDs stable to 
within 3% over a month-long dataset 

• It is possible to operate a large bolometer array stably!

• Routinely measure NTD resistances to monitor detector stability



‣ New cryostat with radio-pure materials: γ contribution negligible

‣ Less copper facing the crystals: α from Cu surface reduced

‣ Enhanced granularity: negligible α bkg from crystals surface

Environmental γ

Environmental n

Environmental μ

Far bulk: Cu OFE 

Far bulk: Steel parts

Internal Roman Lead

Top disk COMETA Lead

Small near parts

Cosm. Activation: TeO2
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Near bulk: Cu NOSV 

Near bulk: TeO2 

Near Surface: Cu  NOSV Or PTFE
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•
•
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Conservative 
upper limits

CUORE Background Projection
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• Conservatively extrapolate measured α-region bkg from CUORE-0 assuming all bkg is 
from 238U/232Th/210Po individually



Crystals

33

Radio-purity control protocol to limit bulk & surface contaminations in crystal 
production 

Benchmarked in dedicated runs at LNGS

CUORE: bkgd <1.1·10-4 (4.2·10-3) counts/keV/kg/y from bulk (surface) 

J. Crys.Growth 312 (2010) 2999-3008

Bulk(90% C.L. U.L.) Surface(90% C.L.U.L)

238U 5·10-14 g/g 1·10-9 Bq/cm2

232Th 2·10-13 g/g 2·10-9 Bq/cm2

210Pb 3.3·10-6 Bq/kg 9.8·10-7 Bq/cm2

210Po 0.05 Bq/kg

Astropart. Phys. 35 (2012) 839–849


