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DBD and Neutrino Mass
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The measurable quantity is the half life:
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Effective neutrino mass
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CUORE

750 kg TeO2  =>  200 kg 130Te

Array of 988 TeO2 crystals
 19 towers suspended in a cylindrical structure
 13 levels, 4 crystals each 

 5x5x5 cm3 (750g each)
 130Te: 33.8% natural isotope abundance

 New pulse tube refrigerator and cryostat
 Radio-purity techniques and high resolution 

achieve low backgrounds
 Joint venture between Italy (INFN) and US (DOE, 

NSF) 
 Under construction (expected start of operations by 

end of 2014)
 Expect energy resolution of 5 keV FWHM and 

background of ~0.01 counts/(kg*keV*year) in ROI
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Background model: CUORICINO
Background Mitigation

CUORE strategy: 
● improve shields & material quality
● improve bulk contamination in TeO2 (SICCAS) 
● reduce surface contribution from

● TeO2 crystals
● components facing TeO2 crystals (mainly copper)

● increased coincidence efficiency to reject surface background 
events

● Overall goal: 0.01 c/y/kg/keV
● Demonstrated <0.02-0.03 c/y/kg/keV (90% C.L. upper limit)

• (40±10)% in ββ0ν region from 208Tl at 2615 keV
• α and β from inert material facing detector (e.g. Cu): (50±20)%
• α and β from surface contamination of crystals: (10±5)%
• Negligible contributions from neutrons and 60Co at 2505 keV
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CUORE Status

• Hut and clean room: fully equipped
• Radon abatement system: operating
• Cryostat: in commissioning
• Dilution unit: delivered, <8 mK reached
• Copper parts: cleaning proceeding, to be delivered by end of 2013
• Crystals: 95% in LNGS underground storage, last batch being produced
• Thermistors: 90% delivered, last batch being produced
• Detector assembly line: operational, first tower being assembled
• CUORE-0 (single tower in Cuoricino cryostat): operations restarted
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CUORE-0
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CUORE Sensitivity

Five year sensitivity based on 
detector resolution (5 keV 

FWHM), background, and matrix 
element spread

5 year sensitivity
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First tower (CUORE-0) to be 
operated until the start of 
CUORE. 
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Figure 1: CUORE-0 background-fluctuation sensitivity at 1σ for
two different values of the background rate in the region of inter-
est, 0.05 cts/(keV kg y) (solid line) and 0.11 cts/(keV kg y) (dotted
line), representing the range into which the CUORE-0 background
is expected to fall.

of 0.11 cts/(keVkg y) follows from scaling the Cuoricino
background in the conservative case, described above, of a
factor of 2 improvement in crystal and copper contamina-
tion.

A plot of the expected 1σ background-fluctuation sen-
sitivity of CUORE-0 as a function of live time in these two
bounding cases is shown in Fig. 1. Tab. 3 provides a quan-
titative comparison between 1σ background-fluctuation sen-
sitivities (as shown in Fig. 1), 1.64σ background-fluctuation
sensitivities, and 90% C.L. average-limit sensitivities for
CUORE-0 at several representative live times. The antic-
ipated total live time of CUORE-0 is approximately two
years; for this live time at the 0.05 cts/(keVkg y) back-
ground level, B(δE) ∼ 20 cts, meaning that the Poisson-
regime calculation is really necessary in this case because it
differs from the Gaussian-regime approximation by > 10%
(see Sec. 2.2).

CUORE, in addition to the new crystals and frames
already present in CUORE-0, will be assembled as a 19-
tower array in a newly constructed cryostat. The change
in detector geometry will have two effects. First, the large,
close-packed array will enable significant improvement in
the anticoincidence analysis, further reducing crystal-related
backgrounds. Second, the fraction of the total crystal sur-
face area facing the outer copper shields will be reduced by
approximately a factor of 3. In addition to these consider-
ations, the new cryostat will contain thicker lead shielding
and be constructed of cleaner material, which should result
in a gamma background approximately an order of magni-
tude lower than that in the Cuoricino cryostat. Based
on the above considerations and the Cuoricino results,
CUORE is expected to achieve its design background value
of 0.01 cts/(keVkg y). A comprehensive Monte Carlo sim-
ulation that includes the most recent background measure-
ments is currently ongoing.

An overview of the 1σ background-fluctuation sensitiv-
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Figure 2: 1σ expected background-fluctuation sensitivities for the
CUORE-0 (dotted line) and CUORE (solid line) experiments, cal-
culated from Eq. (9) and Eq. (3) with the experimental parameters
shown in Tab. 2. The Cuoricino 1σ sensitivity calculation (dashed
line) is discussed in Sec. 3.

ities of the Cuoricino, CUORE-0, and CUORE TeO2 bolo-
metric experiments is shown in Fig. 2. The Cuoricino 1σ
sensitivity calculated in Sec. 3 is shown for reference. A
1σ half-life sensitivity close to 1025 years is expected from
2 years’ live time of CUORE-0. Once CUORE starts data-
taking, another order of magnitude improvement in sensi-
tivity is expected in another two years.

A plot of the CUORE experiment’s sensitivity as a
function of the live time and exposure is shown in Fig. 3.
Tab. 4 provides a quantitative comparison between 1σ
background-fluctuation sensitivities (as shown in Fig. 3),
1.64σ background-fluctuation sensitivities, and 90% C.L.
average-limit sensitivities for CUORE at several repre-
sentative live times. The anticipated total live time of
CUORE is approximately five years; for this live time at
the design goal background level, B(δE) ∼ 190 cts, mean-
ing that the Gaussian approximation would still be valid
in this case. The sensitivity values we show in this pa-
per nevertheless differ from those previously reported by
the experiment [16, 17], but this ∼ 25% difference can be
attributed to the inclusion of the signal fraction f(δE),
which has not previously been considered.

As mentioned previously, estimates of the CUORE back-
ground are currently based on measured limits, not mea-
sured values. While there are promising indications that it
may perform even better than its design value of
0.01 cts/(keVkg y), it is also likely that background rates
of 0.001 cts/(keVkg y) or below cannot be reached with
the present technology. Even so, R&D activities are al-
ready underway pursuing ideas for further reduction of
the background in a possible future experiment. Tech-
niques for active background rejection are being investi-
gated [46, 47]) that could provide substantial reduction
of the background. Sensitivities for a scenario with 0.001
cts/(keVkg y) in a CUORE-like experiment are given in
Fig. 3 and Tab. 4.
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Table 5: Summary table of expected parameters and 1σ background-fluctuation sensitivity in half-life and effective Majorana neutrino mass.
The different values of mββ depend on the different NME calculations; see Sec. 2.1 and Tab. 1. Zero-background sensitivities, in italics, are
also provided as an estimation of the ideal limit of the detectors’ capabilities; they are presented at 68% C.L. so that they can be considered
as approximate extrapolations of the 1σ background-fluctuation sensitivities.

mββ

t b dT 0ν
1/2

(1σ) (meV)

Setup (y) (cts/(keVkg y)) (y) QRPA-F QRPA-S ISM IBM

CUORE-0 2 0.05 9.4×1024 170–310 190–320 310–390 200
zero-bkg. case at 68% C.L.: 5 .3 × 10 25 70–130 81–130 130–160 85

CUORE baseline 5 0.01 1.6×1026 41–77 48–78 76–95 50
zero-bkg. case at 68% C.L.: 2 .5 × 10 27 10–19 12–19 19–24 12
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Figure 5: The Cuoricino result and the expected CUORE 1σ background-fluctuation sensitivity overlaid on plots that show the bands
preferred by neutrino oscillation data (inner bands represent best-fit data; outer bands represent data allowing 3σ errors) [48]. Both normal
(∆m2

23
> 0) and inverted (∆m2

23
< 0) neutrino mass hierarchies are shown. (a) The coordinate plane represents the parameter space of

mββ and mlightest, following the plotting convention of [48]. (b) The coordinate plane represents the parameter space of mββ and Σmi,
following the plotting convention of [49]. The widths of the Cuoricino and CUORE bands are determined by the maximum and minimum
values of mββ obtained from the four NME calculations considered in this work.
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Figure 3: Operating principle of a scintillating bolometer. The release of energy inside a

scintillating crystal follows two channels: light production and thermal excitation.

temperature rise), while a small fraction of it is spent to produce scintillation190

light (therefore photons irradiated outside the crystal) that is detected by the191

facing light detector. The light detectors used so far for scintillating bolometers192

are bolometers themselves. They consist in germanium slabs, kept at the same193

temperature of the main bolometer, whose temperature rise (induced by the194

scintillation photons interacting with it) is measured by a second thermistor.195

The signals registered by the two thermistors are conventionally named heat196

(the one generated in the main bolometer) and light (the one induced in the197

light detector). Although they have the same nature (temperature rises), their198

are originated by different processes.199

The interesting feature of scintillating bolometers is that the ratio between200

the two signals (light/heat) depends on the particle mass and charge. Indeed,201

while the thermal response of a bolometer has only a slight dependence on the202

particle type2, the light emission from a scintillator changes significantly. β’s203

and γ’s have the same light emission (conventionally referred to as the Light204

Yield, i.e. the fraction of particle every emitted in photons) which is typically205

different from the light emission of α particles or neutrons. Consequently, the206

contemporary read out of the heat and light signals allows particle discrimina-207

tion.208

If the scintillating crystal contains a ββ candidate, the 0νββ signal (i.e. the209

energy deposition produced by the two electrons emitted after the decay) can210

be distinguished from an α signal [40, 43] and only β’s and γ’s can give sizable211

contribution to the background that limits the experimental sensitivity. The212

feasibility of this technique is today widely proved. Scintillating bolometers213

containing Ca, Mo, Cd, Se and Zr have been successfully tested, coupled to a214

thin Ge or Si wafer operated as bolometer for the light read-out [40, 42, 44,215

2this dependence is of the order of 7� for TeO2 crystals [41] and about 10-20% for scin-

tillating crystals [42]
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Beyond CUORE
• CUORE design is scalable to O(1 ton) detector

 Relatively inexpensive isotopic enrichment of 130Te
  740 kg of 130Te 
  A factor of 3 increase in isotope mass

 Other DBD isotopes can also be used bolometrically
 E.g. ZnSe with isotopically enriched 82Se

•  Active background suppression to reduce background in ROI to 
~zero
 Energy resolution improvements (TES sensors)
 Scintillating/Cherenkov bolometers or ionization
 Surface-sensitive bolometers
 Pulse shape discrimination through non-equilibrium phonons 

•  Important direction for future R&D
 Efforts in the US and Italy underway; several techniques already demonstrated
 Technology demonstration by 2015-2016: background rejection + CUORE ops
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DBD and Neutrino Mass
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The measurable quantity is the half life:
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CUORE goal
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0νββ: one of the top priorities in neutrino 
physics

- Probe Majorana nature of neutrinos and the absolute scale of neutrino 
mass
- CUORE: one of the leading DBD experiments in near future; to start 
operations in 2014
- Will start probing inverted hierarchy
- Upgrade path to 1 ton scale experiment to cover the inverted 
hierarchy
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