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Importanza del decadimento ββ
Nonostante le scoperte degli ultimi decenni, sono molti i problemi aperti nella fisica del neutrino: 

ν è una particella di Dirac o Majorana?

Qual è la massa assoluta?

Gerarchia diretta o inversa?

ν3

∆m2
23

ν1

ν2
∆m2

12

??

νµ ντ

eν ντνµ

eν νµ ντ

ν1

ν2
∆m2

12

∆m2
23

ν3

??

eν ντνµ

eν νµ ντ

νµ ντ

2

diretta inversa

Decadimento doppio beta senza emissione di neutrini (0νββ)
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Transizione nucleare ipotizzata, mai osservata:

Proibito dallo SM: viola la conservazione del numero leptonico 
ΔL = 2 

Se avviene il ν è una particella di Majorana

Il T1/2 (0νββ) è legato alla massa assoluta di Majorana



Segnale Atteso
Il decadimento 0ν2β produce un picco monocromatico al Q-valore della transizione
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Come possiamo migliorare la sensibilità?

T1/2 > 1025 y

Il decadimento 0νββ è previsto per pochi isotopi naturali.
Nel 2004 possibile scoperta con il 76Ge: 

T1/2(76Ge) = 2.23 x 1025 y 
H.Klapdor-Kleingrothaus and I.Krivosheina, Mod. Phys. Lett., vol. A21, pp. 1547–1566, 2006. 

Esperimenti recenti non confermano questo risultato:
T1/2(76Ge) > 3.0 x1025 y

M.Agostini et al., Phys. Rev. Lett. 111 (2013) 122503

1026 - 1027 emettitori

massa sorgente =100 - 1000 kg

~ fondo zero 

pochi conteggi nella ROI(0νββ) nella vita 

dell’esperimento 



I cristalli vengono cresciuti partendo 
dall’emettitore del 0νββ ➪ efficienza > 80% per 
cristalli sufficientemente grandi

Test di diversi emettitori 0νββ

Risoluzione eccellente (5-20 keV FWHM a 3MeV)

Modulari ➪ masse notevoli con moduli semplici
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Tecnica Bolometrica

Bolometri = cristalli utilizzati come calorimetri a ~10 mK

Interazione ➪ deposito di E ➪ aumento di T

Un sensore dedicato converte l’aumento di T in un 
segnale elettrico con ottimo rapporto segnale/rumore
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CUORE
Ricerca del 0νββ del 130Te  con sensibilità (90% CL) 9.5x1025 y in 5 anni

Cryogenic Underground Observatory for Rare 
Events 
•  988 TeO2 crystals run as a bolometer array 

–  5x5x5 cm3 crystal, 750 g each 
–  19 Towers; 13 floors; 4 modules per floor 
–  741 kg total; 206 kg 130Te 
–  1027 130Te nuclei 

•  Excellent energy resolution of bolometers 
•  New pulse tube dilution refrigerator and 

cryostat  
•  Radio-pure material and clean assembly to 

achieve low background at ROI  

CUORE 

2!"" 

0!"" 

TAUP Asilomar, Sept 11 2013 2 Ke Han (Berkeley Lab) for CUORE 

206 kg di 130Te  (Q=2528 keV, a.i. 34%)

19 torri di TeO2 (988 cristalli, per 741 kg)

Fondo atteso nella ROI: 10-2 c/keV/kg/y

Detector assemblato, ultimi test sul criostato
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CUORE-0
Un prototipo delle torri di CUORE, CUORE-0, è in presa dati da Marzo 2013

52 cristalli (39 kg) di TeO2, 11 kg di 130Te;

prima torre assemblata nella linea di produzione di 
CUORE seguendo le procedure previste per la 
costruzione delle 19 torri;

analisi preliminare con 18.06 kg.y oggi unblinding a 
LNGS con 25.81 kg.y.
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CUORE-0 Preliminary
Phase II

CUORE-0 Preliminary
Phase II

June 2, 2014

CUORE-0 Calibration Resolution by Channel (Phase II)
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CUORE-0 Exposure

Maura Pavan – Neutrino Telescope 2015 - CUORE

bkg numbers refer 
to this Exposure
(18.1 kg y)

plots refer to this 
Exposure
(25.81 kg y)
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CUORE-0: fondo e sensibilità

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

Cosm. Activation: Cu

Near bulk: Cu NOSV 

Near bulk: TeO2 

Near Surface: Cu  NOSV Or PTFE

Near surface:TeO2 

0.01 0.1 1 10 100

Dashed area = 90%CL upper limit

Full colour area = value

Counts/ROI/ton/y

value

90% CL limit  Bkg GOAL: 

0.01 c/keV/kg/y

 Bkg GOAL: 

0.01 c/keV/kg/y

Far Bulk:           COMETA Pb top

Far Bulk:           Inner Roman Pb

Near Surfaces : TeO
2

Near Bulk:         TeO
2

Near Bulk:         Cu NOSV
Cosm. Activ. :   TeO

2

Cosm Activ :     Cu NOSV

Near Bulk :        small parts

Far Bulk:           Steel parts

Far Bulk:           Cu OFE

Environmental: muons

Environmental: neutrons

Environmental: gammas

Near Surfaces:  Cu NOSV or PTFE

•
•

CUORE Preliminary

CUORE-0 ha dimostrato che la risoluzione e il fondo previsti per CUORE sono alla nostra portata.

Fondo α, (contaminazioni superficiali dei 
materiali) ridotto ~6 volte rispetto a Cuoricino 
Ciononostante, resta il fondo dominante per 
CUORE.

TeO2 TeO2 

Cu 

α

α α

TeO2 TeO2 

Cu 

0νβ
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CUORE-0 background
degraded alphas

Maura Pavan – Neutrino Telescope 2015 - CUORE

CUORE-0 Preliminary
Exposure 25.81 kg y

a  regiong  region

degraded a's background is reduced by a factor 6 !!

ultra-cleaning of Cu surfaces
+ use of radiopure materials for TeO

2
 crystal polishing

Talk di M.Pavan
(NeuTel 2015)

BLINDED
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CUORE e il futuro dei bolometri

CUORE potrà sondare la regione di mββ fino a 51 - 133 meV. 
Per esplorare la regione della gerarchia inversa, bisogna puntare alla riduzione del fondo: 

da ~100 a pochi eventi nella ROI in 5-10 anni di misura
 

Servono nuove idee
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Un panorama ricco di prospettive…

TeO2

Altri emettitori/cristalli

EFFETTI SUPERFICIALI

film di Alfogli scintillanti

RIVELATORI PER 
LUCE CHERENKOV

Ge con effetto Luke TES MMC KIDs

ZnSe
(82Se) ZnMoO4

(100Mo)

CdWO4

(116Cd)



Un panorama ricco di prospettive…

TeO2
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A differenza delle α, gli elettroni che 
attraversano il TeO2 emettono luce Cherenkov  
T. Tabarelli de Fatis, Eur. Phys. J, vol. 65, p. 359, 2010. 

Servono lettori di luce criogenici molto sensibili 
(noise <20 eV) e facilmente riproducibili

Diverse possibilità in esame
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RIVELATORI PER 
LUCE CHERENKOV

Ge con effetto Luke TES MMC KIDs

N.Casali et al. 10.1140/epjc/s10052-014-3225-4 10

http://dx.doi.org/10.1140/epjc/s10052-014-3225-4


Un panorama ricco di prospettive…

TeO2 • I Transition Edge Sensors (TES) sono sensori a 
superconduttore molto sensibili, in grado di 
distinguere α da β/γ grazie alla lettura della 
luce Cherenkov;                                     
K.Schäffner at al. (arXiv:1411.2562)

• Anche sfruttando l’effetto Neganov-Luke si 
ottengono risultati incoraggianti;                
articolo in preparazione

• R&D per scalarli a ~1000 rivelatori
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oriented model the mean of the light yield (LY) of the
e/�-event distribution is

LYe/�(E) = p0E. (1)

The value of p0 is around 50 eV/MeV since the light yield
after absolute energy calibration of the light detector is
about 50 eV for 1MeV of deposited energy in the crystal.

The width of the band is given by the energy resolu-
tion of the detectors. Due to high statistics, the energy
dependence of the resolution can be extracted from a fit
of the e/�-band. The width of the e/�-band can be well
described by a Gaussian function with the width [32]

�e/� =

s

�2
l +

✓
dL

dE
· �TeO2

◆2

+ S1L (2)

where �l and �TeO2 is the baseline noise of the light de-
tector and the TeO2 bolometer and S1 accounts for sta-
tistical fluctuations in the number of detected photons
(Poisson statistics). During the detector operation heater
pulses are injected to the detector via the TES heater.
The resolution of a heater pulse in the light detector
and the TeO2 bolometer directly yield the �l and �TeO2

parameters since heater pulses, in contrast to particle
pulses, are not affected by photon statistics. The val-
ues for the detector module of this work are �l=261 keV,
�TeO2=9.8 keV and S1=360 keV.

The band description is shown in Figure 6: the dotted
contour lines are central ± 1.28 � boundary lines whereas
the solid lines are ±3.1� boundary lines, thus 99.8% of
all e/�- events are expected to be within the two solid
contour lines. The ↵-particle distribution appears at a
light yield of zero, well separated from the populated
e/�-band.

A projected view of the light yield in [eV/MeV] allows
to visualize the achieved discrimination of ↵-particles
from e/�-events; in Figure 7 a histogram of all events ob-
served in the energy interval from 2400 keV to 2800 keV
is shown. Two Gaussian functions (all parameters free)
are used to fit the two distributions (red solid line): ↵-
particles appear at (0.80±0.89) eV/MeV, whereas for the
distribution of e/�-events the mean value is found to be
(48.55±0.36) eV/MeV.

The fit gives a resolution of �=(8.74±0.27) eV/MeV
for the e/�-peak and �=(9.53±0.75) eV/MeV for the ↵-
peak. Since the ↵-events do not produce light, the reso-
lution is expected to be slightly better in respect to the
e/�-events because of the missing Poisson statistics con-
tribution. However, the �s of both distributions are com-
patible due to the dominant contribution of the baseline
noise and the lack of statistics (see Figure 7).

Following [33], the discrimination power (DP) between
two symmetric distributions can be characterized by
comparing the difference between the mean values of
the two distributions weighted by the square root of the
quadratic sum of their widths

DP =
µ�/� � µ↵q
�2
�/� + �2

↵

(3)
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FIG. 6. Background data of the TeO2 bolometer is shown
in the light yield-energy plane. Light yield in this context
refers to the direct energy detected in the light detector in
eV per MeV of deposited energy in the TeO2 crystal. Two
distributions can be noted: a band due to e/�-interactions as
well as the less populated band at zero light yield due to ↵-
particles from a degraded ↵-source. The bands which indicate
the region expected for e/�-events are shown in form of central
probability bands. The dotted lines are ±1.28 � contours
whereas the solid lines are ±3.1� contours, thus 99.8% of all
e/�-events are expected to be contained within the two solid
contour lines. The ↵-particle distribution appears at a light
yield of zero, separated from the populated e/�-band. The
dashed vertical line indicates the Q-value of 130Te of 2530 keV.
On average the Cherenkov light at the 208Tl-line results in
about 129 eV of detected light.

where µ�/� and µ↵ are the mean values of the two distri-
butions and ��/� and �↵ are their corresponding widths.
Inserting the values obtained from the double-Gaussian
fit displayed in Figure 7 yields a value of DP equal to 3.7.
Thus, we achieve the highest suppression up to date, in
particular carried out on a massive TeO2 bolometer (see
Table II).

Experiments using light detectors read out by NTD-
Ge with the characteristics presented in [15, 17] so far
do not arrive at a sensitivity level which allows for a dis-
crimination on an event-by-event base. An improvement
by a factor of four (� ⇡ 20 eV (RMS)) on the perfor-
mance of the thermistor would be needed for an effective
↵-particle suppression. A TES-based light detector com-
bined with Neganov-Luke amplification technique [16]
showed an ↵-suppression of 99% while accepting 99.8%
of all e/�-events at the 208Tl-line, but on a very small
23 g TeO2 crystal.

In Table II we summarize the properties and the per-
formance of the before mentioned cryogenic light detec-
tors used for the detection of Cherenkov light from TeO2

bolometers.

TES

11

RIVELATORI PER 
LUCE CHERENKOV

Ge con effetto Luke TES MMC KIDs

http://arxiv.org/abs/arXiv:1411.2562


Un panorama ricco di prospettive…

TeO2

Primi prototipi con σ ~150 eV
ε ~18%

M. Vignati 

2nd Prototype
• Single pixel area: 2.4 mm2.!
• 4 pixels coupled to the same 

feed line.!
• Frequency: 2.6 GHz  

(spacing 15 MHz).!
• 40 nm Aluminum lithography 

on Silicon substrate
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Simulation: current density
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Optical fiber pulsed 
with LED

55Fe source!
(6 keV X-rays)
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Rivelatori con multiplexing naturale 
—> Kinetic Inductance Detectors (progetto CALDER)

S. Di Domizio et al, 10.1007/s10909-013-1076-2
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Un panorama ricco di prospettive…

TeO2

Altri emettitori/cristalli

ZnSe
(82Se) ZnMoO4

(100Mo)

CdWO4

(116Cd)

RIVELATORI PER 
LUCE CHERENKOV

Ge con effetto Luke TES MMC KIDs

EFFETTI SUPERFICIALI

film di Alfogli scintillanti
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Un panorama ricco di prospettive…

TeO2• TeO2 circondato da un foglio scintillante e 
affacciato a un lettore di luce;

• Le α che colpiscono il foglio provocano emissione 
di luce di scintillazione e vengono identificate

• Primi prototipi dimostrano che le α del 147Sm  
possono essere identificate con questo metodo   
L. Canonica at al. (doi:10.1016/j.nima.2013.05.114),

dissolved in acid liquid solution, the α energies are smeared out:
the acid solution can partially diffuse inside the crystal, and the
emitted α can thus release part of its energy in the crystal. The
relative fraction of energy deposited in the crystal depends on the
depth at which the α is emitted and this generates the continuum
background below the 147Sm Q-value in Fig. 4. Fig. 5 shows the

energy spectrum of the light detector, where the peak of the 55Fe
source is clearly visible at ∼6 keV.

The detector performance is shown in Table 1. The energy
resolution of the TeO2 bolometer is evaluated at the 40K γ line at
1.46 MeV, while the energy resolution of the light detector is
evaluated at the low energy X-rays (5.9 and 6.4 keV lines).

In order to study the α particles emitted on the surface of the
absorber crystal and interacting in the scintillating foil, also a
coincidence cut has been applied. The coincidence of a heat signal
(pulse on the TeO2 crystal due, as an example, to the recoiling
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Fig. 3. Decay time vs. Energy scatter plot for the TeO2 crystal. The central band
(small red dots) is populated by physical events and it is possible to apply a pulse
shape cut to reject non-physical events (big blue dots). (For interpretation of the
references to color in this figure caption, the reader is referred to the web version of
this article.)
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Fig. 4. Energy spectrum of the TeO2 crystal. The contribution of the 147Sm α source
is clearly evident below 2.3 MeV. The 40K γ line at 1.46 MeV is visible as well.
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Fig. 5. Energy spectrum of the bolometric light detector. The peak at 6 keV is due
to the 55Fe source.

Table 1
FWHM energy resolutions of the TeO2 crystal and of the light detector evaluated at
the 40K γ line and the 55Fe line, respectively.

Detector Energy FWHM
(keV) (keV)

TeO2 1461 6.9
Light detector 5.9 0.4
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Fig. 6. Energy spectrum of the bolometric TeO2 detector. The events occurring in
coincidence with an event in the light detector are shown in yellow. They are
plotted together with the total count rate (blue) of the TeO2 crystal. (For
interpretation of the references to color in this figure caption, the reader is referred
to the web version of this article.)
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Fig. 7. Energy spectrum of the bolometric light detector. The events occurring in
coincidence with an event in the TeO2 detector are shown in yellow. They are
plotted together with the total count rate (blue) of the light detector. (For
interpretation of the references to color in this figure caption, the reader is referred
to the web version of this article.)

L. Canonica et al. / Nuclear Instruments and Methods in Physics Research A 732 (2013) 286–289288

EFFETTI SUPERFICIALI

film di Alfogli scintillanti

detector) and rejected as background. Extremely low energy
thresholds ðo1 keVÞ are needed for the bolometric light detector,
in order to be able to detect small light signals produced by
degraded α's. As an example, an α particle of 5.3 MeV (generated
by the decay of 210Po) produces about 10 keV of photons in
commercial scintillating foil at room temperature. Unfortunately,
plastic scintillators have an extremely non-linear response to α
particles [8,9] and the amount of light produced by a degraded α
particle of 1.5 MeV is about an order of magnitude smaller than
the one produced by a 5.3 MeV α. Detecting such a small amount
of light represents a serious challenge for most of the currently
used light detectors at mK temperature.

In order to detect low energy α particles it is therefore desirable
to increase the amount of scintillation light. This can be achieved
by simply superposing a thin plastic scintillator foil over a
reflecting foil.

3. Demonstrator run

In order to study the feasibility of this method, a prototype
detector has been operated at low temperature. The main goal of
the run is to demonstrate, with a non-optimized scintillating foil
and light detector, the potential for tagging and rejecting α
particles generated on the surface of the absorber crystal. The
experimental setup was hosted in a dilution refrigerator placed in
the Hall C of National Laboratory of INFN at Gran Sasso, operating
at 10 mK. The studied bolometer is a 3#3#6 cm3 TeO2 crystal,
held by means of PTFE clamps to a structure of Oxygen Free High
Conductivity (OFHC) copper frames and columns, which serve
both as mechanical support and heat sink. The crystal is sur-
rounded by a commercial scintillating foil (Saint-Gobain BC400
series) and by a reflecting foil (3 M VM2002), to increase the light
collection efficiency. The crystal is provided with a Neutron
Transmutation Doped Ge thermistor (NTD), to convert the phonon
signal into a detectable voltage pulse. To detect the scintillation
light, the top of the crystal faces a germanium bolometric light
detector also equipped with an NTD thermistor [7]. It consists of a
50 mm diameter, 300 μm thick pure Ge crystal absorber facing the
surface of the crystal. For a picture of the complete set-up, see
Fig. 2.

A liquid solution containing an α source of 147Sm is deposited
on one of the surfaces of the crystal, facing the scintillating and

reflective foils. For an α decay (Q-value¼2.3 MeV) occurring on the
crystal surface, the α particle can escape from the crystal, releasing
in the absorber only the energy related to the recoiling nucleus.
The remaining part of the energy is released into the scintillating
foil, giving rise to a light signal detected by the light detector. Both
heat and light pulses produced by particle interactions are
amplified and digitized using an 18-bit NI-6284 PXI ADC unit.
The trigger is software generated on each bolometer.

A complete description of the experimental setup can be found
in Ref. [5] and references therein for what concerns the electronics
and the DAQ and in Ref. [6] for what concerns the cryogenic setup
and the shields.

The energy calibration of the TeO2 crystal is accomplished by
the insertion of a removable 232Th gamma source between the
cryostat OVC and the external lead shields. The light detector is
calibrated by means of a 55Fe X-ray source permanently facing the
light detector.

3.1. Results

The amplitude and the shape parameters of the voltage pulses
are computed during off-line analysis by using the optimum filter
technique [10]. The signal amplitudes are evaluated as the max-
imum of the filtered pulse.

The pulse shape parameters that are considered are the rise
time ðτRÞ and the decay time ðτDÞ. The rise time of the pulse is
defined as the time interval during which the signal rises from 10%
up to 90% of the pulse height. Similarly, τD is defined as the time
interval during which the signal decreases from 90% down to 30%
of the pulse height.

All relevant pulses from the detector have approximately the
same rise time and decay time. This allows us to apply a pulse
shape cut to select only physical pulses and reject noise events. τD
as a function of the heat energy is shown for the TeO2 crystal in
Fig. 3: the small red dots represent physical pulses, while the
bigger blue dots are noise events.

The energy spectrum of the TeO2 crystal obtained in 215 h of
measurement is reported in Fig. 4. Since the 147Sm α source was

Fig. 1. Diagram of the proposed method.

Light detector

Fig. 2. The 3#3#6 cm3 TeO2 is enclosed by four copper walls. It is surrounded by
the scintillating foil and by the reflecting foil. The top face of the crystal is visible to
the Germanium Light Detector.

L. Canonica et al. / Nuclear Instruments and Methods in Physics Research A 732 (2013) 286–289 287
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Un panorama ricco di prospettive…

TeO2

Altri emettitori/cristalli

ZnSe
(82Se) ZnMoO4

(100Mo)

CdWO4

(116Cd)

RIVELATORI PER 
LUCE CHERENKOV

Ge con effetto Luke TES MMC KIDs

EFFETTI SUPERFICIALI

film di Alfogli scintillanti
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130Te 76Ge 100Mo 116Cd 

Background � 
ambientale 

82Se 

Isotopi con Q-valore > 2615 keV ➪ riduzione del fondo γ 

82Se, 100Mo, 116Cd hanno a.i.  naturale ~10% e possono essere arricchiti a costi ragionevoli

Con questi isotopi, cristalli che scintillano a 10 mK —> anche con lettori di luce meno sensibili si 
possono identificare le particelle α

Altri emettitori/cristalli

ZnSe
(82Se) ZnMoO4

(100Mo)

CdWO4

(116Cd)
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Esperimento LUCIFER
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Con un rivelatore di 36 ZnSe arricchiti (~ 9.8 kg 82Se), punta a raggiungere  fondo zero nella ROI 

82Se 0νββ

Peak Heat
[keV FWHM]

Heat + Light
[keV FWHM]

1461 keV 13.4 ±1.0 12.2 ±1.8

2615 keV 16.3 ±1.5 13.4 ±1.3

0νββ (82Se) 19.4 16.5

Eccellente reiezione α usando l’ampiezza e la forma del segnale di luce
Buona risoluzione energetica ed efficienza ~75%.

J.W. Beeman et al, 10.1088/1748-0221/8/05/P05021 

http://dx.doi.org/10.1088/1748-0221/8/05/P05021
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Energy spectrum of 3 channelsPossibile alternativa agli ZnSe per LUCIFER,  investigato recentemente anche da altri progetti (LUMINEU)

• Ottima reiezione del fondo α, con ulteriore 
strumento di discriminazione: la forma del 
segnale di calore.

• Risoluzione energetica eccellente (0.1%).

• Prima misura bolometrica del 2ν del 100Mo 
L.Cardani et al 10.1088/0954-3899/41/7/075204

Exposure
[kg·y]

Error

NEMO 7.5 ~ 10%

This work 3.5x10-3 ~ 30%

SIGNAL

T1/2(100Mo) = (6.89 ± 0.33)x1018 y 
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210Pb (Ext + int)

65Zn

208Tl



Esperimenti di prossima generazione: sensibilità

Massa
[kg]

Isotopi
Sensibilità 

90% 
[y]

Massa di 
Majorana

[meV]

ZnSe 664 2.4x1027 2.2x1027 11 - 32

ZnMoO4 540 1.3x1027 1.1x1027 13 - 37

TeO2 751 2.4x1027 2.5x1027 10 - 25

Rivelatori bolometrici di prossima generazione:

• stesso spazio sperimentale di CUORE;

• risoluzione di 5 keV (già dimostrata per diversi candidati);

• arricchimento isotopico al 90%;

• fondo ridotto da 100 a qualche conteggio nella ROI per rivelatore di una tonnellata in 5 anni)
In 5 anni di presa dati avremmo:

 [eV]lightestm
-410 -310 -210 -110 1

 [e
V

]
ββ

m

-410

-310

-210

-110

1
Cuoricino exclusion 90% C.L.

GERDA exclusion 90% C.L. Ge claim76

KamLAND-Zen and EXO-200 exclusion 90% C.L.

CUORE 90% C.L. sensitivity

>02
23 m∆

<02
23 m∆

GOAL



Cryogenic Underground Observatory for Rare 

Events 

•  988 TeO2 crystals run as a bolometer array 

–  5x5x5 cm3 crystal, 750 g each 

–  19 Towers; 13 floors; 4 modules per floor 

–  741 kg total; 206 kg 130Te 

–  1027 130Te nuclei 

•  Excellent energy resolution of bolometers 

•  New pulse tube dilution refrigerator and 

cryostat  

•  Radio-pure material and clean assembly to 

achieve low background at ROI  

CUORE 
2!"" 

0!"" 

TAUP Asilomar, Sept 11 2013 

2 

Ke Han (Berkeley Lab) for CUORE 
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I bolometri sono rivelatori ideali per la ricerca del 0νββ;            
CUORE, il primo esperimento criogenico di 1 ton, dimostrerà il 
potenziale di questa tecnologia raggiungendo un’alta sensibilità su mββ

Per sondare la gerarchia inversa, servono nuove idee per la soppressione 
del fondo → panorama molto ricco di R&D sia per TeO2  che per 
possibili alternative

Diverse R&D hanno già ottenuto risultati molto incoraggianti: la 
riduzione del fondo è possibile!

KIDs

phonons

Conclusioni
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Background suppression
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muon flux: (2.58 ± 0.3) x 10-8 μ/(s cm2)
Mei and Hime, Phys. Rev. D 73, 053004, 2006 [astro-ph 0512125]

neutron flux [<10MeV] : ≈ 4x10-6 n/(s cm2)
F. Arneodo et al., Il Nuovo Cim. 112A, 819, 1999

gamma flux: ≈ 0.73 γ/(s cm2)
 C. Bucci et al., Eur. Phys. J. A, 41, 155-168, 2009

All the detectors described in the next slides were measured in the
LNGS

(Laboratori Nazionali del Gran Sasso, Italy)
3650 m.w.e.

Nowadays, all the detectors devoted to rare events searches are located in deep underground facilities

detectors equipped with proper shields (water, lead...) and vetoes

➜ the ultimate limit to the background suppression may become the detector itself
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The Cuoricino experiment
Study of 130Te 0νDBD with TeO2 bolometers

130Te has large natural i.a. (34%) and a rather large   
Q-value (2527 keV)

11.6 kg of 130Te were embedded in 62 crystals for a 
total mass of 40.7 kg of TeO2

operated until 2008 at LNGS, this detector collected 
an exposure of 19.75 kg⋅y

Average efficiency = 82.8%

FWHM energy resolution = 6.3 keV at 2615 keV

Up to now, best limit on the 130Te 0νDBD:   
T1/2(130Te) > 2.8 x1024 y                                 
and best limits on other rare decays
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Background model of Cuoricino

Flat background between the 208Tl line and ~4 MeV 
ascribed to α decaying isotopes located in the material 
surfaces (crystals and copper)

Loosing a variable fraction of energy in the material,  the 
α particles give rise to a continuous distribution that 
extents to lower energies

Energy [keV]
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-110

1

10

210

130Te 0νDBD

190Pt Uranium and Thorium peaks

γ radioactivity

208Tl

232Th Calibration 
Background

Cuoricino allowed to characterize the main sources of background for bolometric experiments.

The reduction of α contaminations plays a crucial role in the background suppression
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2νββ of 100Μο

We operated the 1st array of ZnMoO4 bolometers             
(N0 = 2x1023 isotopes of 100Mo )                              

FWHM energy resolution better than 1% 

ε > 80%

Low internal contaminations (tens of μBq/kg in 
Th and U for the most contaminated sample) 

Allowed by the SM (although very rare) 

Important to check our knowledge of the nuclear physics 

The most precise measurement of 100Mo 2νββ was given by NEMO:                                    
T1/2 = [7.11 ± 0.02 (stat) ± 0.54 (syst)] x1018 y.
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Preliminary results show that the background of CUORE-0 is (0.074 ± 0.012) counts/keV/
kg/y 

With such a low background, CUORE-0 is expected to overcome the Cuoricino sensitivity 
in about 1 year of data-taking

CUORE will be the the ultimate limit to the background suppression achievable with this 
technique. New ideas are needed for a further increase of the sensitivity.

CUORE-0 sensitivity on 0νDBD



Neutrinoless Double Beta Decay
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the 0νββ emitter: 

i.a. = isotopic abundance

A = mass number 

B = background [counts/keV/kg/y]

the detection technique: 

ε = detector efficiency

M = detector mass [kg]

T = measurement time [y]

ΔE = energy resolution [keV]

B = background [counts/keV/kg/y] 

If the background is almost zero

Sbkg / "
i.a.

A

r
MT

B�E
[y]

Why reducing the background is fundamental?

S0bkg / "
i.a.

A
MT [y]

S increases linearly with MT

→Background free detectors!


