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The CUORE 0νββ Search
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CUORE - Past, Present & Future
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CUORE -> CUPID
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CUORICINO
CUORE-0

Bolometric ββ Decay Experiments (I)

Dell’Oro et all., Phys. Rev. 
D 90, 033005 (2014)

Past
Present
Future

Cuoricino/CUORE0
CUORE
CUPID

𝑻𝟏/𝟐𝟎𝝂 ∝ 𝟏/𝒎𝜷𝜷2

To improve the sensitivity it is necessary to reduce the experimental background.
- Estimated background for CUORE ≈ 10-2 counts/(keV kg year)
- Designed background for CUPID ≈ 10-4 counts/(keV kg year)

Ezio Previtali – INFN Milano BicoccaMEDEX’17 – Prague
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CUORE

CUORE-0

CUORE at LNGS
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Average depth ~ 3600 m.w.e.
μ: 3 x 10-8 μ/s/cm2

n < 10 MeV: 4 x 10-6 n/s/cm2

γ < 3 MeV: 0.73 γ/s/cm2

Gran Sasso National Laboratory

Hall A

CUORE Hut



For E = 1 MeV: ΔT = E/C ≅ 0.1 mK 
 Signal size: 1 mV 

Time constant:  τ = C/G = 0.5 s  
Energy resolution: ~ 5-10 keV at 2.5 MeV

Heat sink: 
Cu structure (10 mK)
Thermal coupling: 
Teflon (G = 4 pW/mK)
Thermometer: 
NTD Ge-thermistor (100 kΩ/μK)
Absorber: 
TeO2 crystal 
(C ≅ 2 nJ/K ≅ 1 MeV / 0.1 mK)

TeO2 Bolometer: Source = Detector

CUORE Bolometer
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First pulse

main candidate isotope: 130Te  
Q-value: 2526.515 ± 0.013 keV   
Isotopic abundance: 34% 
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CUORE-0
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EPJC 74, 2956 (2014) 
PRL 115, 102502 (2015) 
PRC 93, 045503 (2016) 
EPJC 77, 13 (2017)

Test & verify projected background 
& assembly for CUORE 

• Data taking: March 2013 to Aug 
2015. 

• 9.8 kg·yr 130Te exposure 
• 5 keV FWHM @ Q-value  
• 52 crystals, total mass 39 kg 
• 11 kg of 130Te 
• Shielding limited by Cuoricino 

cryostat.
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CUORE-0: 0νββ decay results
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Phys. Rev. Lett. 115, 102502 (2015) 
Phys. Rev. C 93, 045503 (2016) 

Q-value  
(2527.5 keV)60Co

• CUORE-0 regained the Cuoricino sensitivity in 40% of the lifetime 
• Combined with Cuoricino: T1/20νββ (130Te)> 4.0 × 1024 y (90% CL) 

• Effective Majorana mass: mββ <(270-650) meV 
• CUORE analysis testbed
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CUORE-0 backgrounds and 2νββ
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MC-background model  
• surface & bulk contaminations included 
• environmental γ’s, µ’s and n’s 
• Bayesian fit to CUORE-0 data with priors from material screening w/ ICPMS, HPGe, 

neutron activation analysis

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

T 2⌫��
1/2 = [8.2± 0.2(stat.)± 0.6(syst.)] · 1020y
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CUORE-0 backgrounds 
Surface cleaning procedures results in background 
reduction in  [2.7,3.9] MeV: 
0.016 ± 0.001 c/keV/kg/y (CUORE-0) 
0.110 ± 0.001 c/keV/kg/y (CUORICINO) 

190Pt

210Po

230Th,  
234U, 226Ra

208Tl

x6 reduction of α region 
γ region dominated by old shielding

-

-

10
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CUORE
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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
‣ 742 kg total; 206 kg 130Te
‣ 1027 130Te nuclei

2!"" 

0!"" 

• New pulse tube dilution refrigerator and cryostat 
• Radio-pure material and clean assembly to 

achieve low background in region of interest (ROI) 



R. Maruyama Seattle, June 2017

CUORE Cryostat
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8 Advances in High Energy Physics

Suspension

Dilution
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Roman
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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].

Shielding 
• 2.1t modern lead @ 50 mK 
• 4.6 t roman lead @ 4 K 
• 35 cm external lead 
• 18 cm PET + 2 cm H3BO3

Detector
Towers

Top Lead
Shield

Side Lead
Shield

300 K

40 K

4 K

600 mK
50 mK

10 mK

Bo�om Lead
Shield

Plates:
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CUORE Detector Assembly
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Gluing!

Assembly!

Storage!

Cryostat!

Gluing machine

Mechanical 
assembly

Wire 
bonding

Tower 
garage
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Lowering Background: Crystals & Copper
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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:  
2·10-9 Bq/cm2 (232Th), 1·10-8 Bq/cm2 (238U), 1·10-6 Bq/cm2 (210Po)

• 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

• Validated by CUORE-0

• All parts stored underground, under nitrogen after cleaning
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CUORE fabrication & cryostat commissioning 
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NTD

Si heater

Minitower
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CUORE fabrication & cryostat commissioning 
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NTD

Si heater
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Status of FS&N Initiatives Krishna Kumar, June 2, 2017

CUORE/CUPID

7

CUORE detectors installed

CUORE COMMISSIONINGCUORE
TOWERS INSTALLATION

towers installation 
July - August 2016 

The 19 towers were installed in a 
radon free clean room.  

It took about one month.

15

CUORE CUORE COOL DOWN
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Diode thermometer at 10mK plate

26.01.2017   
Base temperature 7 mK

electronics 
optimization

pumping 
exchange 
gas in IVC

The cool down of the cryostat 
started in December 2016

First phase using fast 
cooling, then fast 
cooling and pulse tubes, 
then pulse tubes only

Last phase after the 
pause dedicated to 
electronics optimisation 
was achieve with the 
dilution unit, down to 
base temperature 
(~7mK)
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Cooldown Dec 2016-Jan 2017
!"#$%&%#'#$()

*+,"')

-.#$,/)
$#0#1(#)

23+.40014.,)
5&0&%#'#$)

*+,"')6#'#3'&$)

Figure 3: Operating principle of a scintillating bolometer. The release of energy inside a
scintillating crystal follows two channels: light production and thermal excitation.

3. The isotopic abundance can be maximized through enrichment (except for268

48Ca with present technology);269

4. As discussed later in this paper, the background can be minimized with a270

choice of the isotope and by employing active rejection techniques.271

The CUORE experiment represents the most advanced stage in the use of272

bolometers for 0⌅⇥⇥ searches. CUORE will consist in an array of �1000 crystals273

for a total mass of �1 ton of TeO2 and �200 kg of 130Te. It is expected to274

be taking data at Laboratori Nazionali del Gran Sasso (LNGS) in 2015. The275

sensitivity of CUORE will depend on the background level, but will likely be276

near 50 meV [44]. In the future CUORE may lead the way toward a few-ton277

scale experiment capable of either exploring the entire IH region, or making a278

precision measurement of T 0�
1/2.279

3.1. Scintillating bolometers280

In the previous section we enumerated the many advantages of using bolome-281

ters for 0⌅⇥⇥ searches. Among those, we mentioned the possibility to actively282

reject radioactive background via particle identification; this is possible employ-283

ing scintillating bolometers.284

Scintillating bolometers, used in recent years both for 0⌅⇥⇥ [45, 46] and for285

dark matter [47, 48] searches, provide a mechanism to distinguish � interactions286

(which are part of the background only) from ⇥/⇤ interactions (which can be a287

part of both the background and signal).288
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• Intense CUPID R&D effort in the next 2-3 years
☞ US focus: 130TeO2 enrichment and purification,                                                                  

high-resolution sensors for Cherenkov light
☞ Complementary European efforts
☞Background goal is 0.1 cts/ROI-t-yr; achieve 

sensitivity to the full Inverted Hierarchy
☞ Other important R&D: detailed background 

analysis, cosmogenic backgrounds @ LNGS 
— to be addressed before downselect 
☞ Worldwide efforts: 8 countries, 32 institutions
☞ Data from CUORE and pilot detectors will 

drive technology and isotope choice 

Next-generation bolometric tonne-scale 
experiment based on the CUORE 
design, proven CUORE cryogenics

130Te

CUORE start of operations

• CUORE Milestones:
• Tower installation: Jul-Aug 2016
• Cryostat closeout: Nov 2016
• Cooldown: Dec-Jan 2016
• Commissioning and initial performance 

optimization: Jan-May 2017
• First science run: May 2017

• Cryostat performs very well: base T < 7 mK
• >95% of detectors operational
• First data to be reported in Summer 2017

KK: NSAC 2017
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CUORE background budget 
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CUORE preliminary

goal

material  
screening

LNGS 

CUORE-0 

arXiv:1704.08970
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Towards CUPID
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Medium risk = important (long lead time)

• 𝛼/𝛽 discrimination 
• surface/bulk discrimination 
• Reduction of surface/bulk contamination 
• reduce 𝛾 
• cosmogenic backgrounds 
• Isotopic enrichment 
• Crystal production

CUORE & predecessors
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Environmental Backgrounds
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CUORE will improve γ rate estimates: limited by available data and MC statistics 
µ rate may need to be reduced (by ~*10): µ veto at LNGS or deeper site

Cosmogenic activation of near detector elements (Te and Cu): minimize by storing 
both underground quickly. Most dominant backgrounds from 

- 60Co in Cu structures: <50 µBq/kg →  <5⨯10-1 counts/(ton keV year) in ROI 
- Other contributions negligible → will measure Cu activation in CUORE and 
reassess 

8

cause irreducible backgrounds if they clip corners or interact in the surrounding materials to create secondary prod-
ucts that can produce particles that can mimic 0⌫��-like signal. Neutrons produced by cosmic rays are energetic
and di�cult to shield. Photons emitted in (n, n’�) or (n, �) reactions can appear near the 0⌫�� energy region of
interest.

Our goal is to determine from data and not just extrapolation the contribution of muon-induced backgrounds
to the observed events in CUORE and determine their role in CUPID. We plan to build a scintillator-based muon
tagger around the CUORE cryostat, and operate it during standard CUORE data taking periods.

FIG. 3: Left: Illustration of the muon tagger (yellow) in the CUORE outside the lead and polyethylene shielding and outside
the cryostat. Center: View of the muon tagger with the inside of the CUORE cryostat and the detector region exposed. The
space between the cryostat and the muon tagger will be occupied by the lead and polyethylene shielding. Right: a simulated
muon event in CUORE. The solid red color indicates crystals hit by muons, the transparent colors indicate the simulated
base temperature of each crystal.

The muon tagger will run semi-autonomously from CUORE with the data acquisition clocks synchronized. Events
will be tagged online when there is a coincidence between the tagger and CUORE within the CUORE’s DAQ
framework named APOLLO. Currently the slow control and the detector monitoring software are being revamped
for greater flexibility in adding new systems such as muon tagging outlined here. Data streams from the muon
tagger and CUORE can be analyzed o✏ine to identify muon events that enter the tagger but miss the CUORE
detector.

1. Milestones

The muon tagging system will be built with partial support from existing hardware at several collaborating
CUORE institutions and with resources and personnel available at Yale’s Wright Laboratory. Some hardware
modifications and upgrades will be needed to fully restore the functionality of existing equipment. Scintillator
modules, formerly used for RHIC’s STAR central barrel trigger system and later muon tagging in KamLAND, are
available at LBNL and will be repurposed for this use. A new data acquisition system will be added to the modules.
The estimated timeline for this work is as follows:

2015-2016: The scintillator paddles will be shipped from LBNL to Yale for testing and pre-assembly. The
scintillator panels will be tested at Yale for functionality. A conceptual design for a support frame of the muon
detector at LNGS will be developed. The design will be optimized by simulations currently being developed
at Yale.

2015-2016: The system will be integrated with an electronics readout and data acquisition system in the
new laboratories at the Yale Wright Laboratory. A support frame will be built to hold the paddles around
CUORE’s lead shielding and top of the cryostat.

2015-2016: Following the successful commissioning and startup of CUORE the muon tagger will be installed
at LNGS. We will carefully coordinate these activities with the commissioning and startup of CUORE to not
distract from the time-critical commissioning. The muon tagger system will provide an opportunity for new
students and postdocs to be involved in the setup and installation of a hardware system for CUORE while
addressing an important question for a future experiment.
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130Te Isotopic Enrichment and Crystal 
Production

• 10 kg of 92% enriched 130Te procured 
F  NSF grant to USC

•  2 crystals with 40% enrichment grown at SICCAS
F  Single-pass crystallization (to conserve enriched material)
F  Show relatively high level of impurities (residual from enrichment process)
F  High bulk activity, compromised bolometric performance

•  Further development needed
q Zone refining and/or chemical purification
F Benefit from SNO+ process (BNL)

q  Optimization of crystal production 

21

USC/Berkeley
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Cherenkov Detection in TeO2
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The Cherenkov light detection TES-Light detector  

130 eV @2615 keV 

D 

β/J Results obtained with collaboration of  
Max-Plank Munich and lucifer, using 
a 4 cm dia, 4 cm height 285 g TeO2 crystals 

Transition Edge Sensors (TES) (CRESST) 

¾ ΔE  <  20  eV  

¾ Complicated readout:  

¾ SQUID amplifiers. 

¾ scaling needs R&D 

K. Schäffner et al., Astrop. Phys. 69 (2015) 30 
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The Cherenkov light detection TES-Light detector  

130 eV @2615 keV 

D 

β/J Results obtained with collaboration of  
Max-Plank Munich and lucifer, using 
a 4 cm dia, 4 cm height 285 g TeO2 crystals 

Transition Edge Sensors (TES) (CRESST) 

¾ ΔE  <  20  eV  

¾ Complicated readout:  

¾ SQUID amplifiers. 

¾ scaling needs R&D 

K. Schäffner et al., Astrop. Phys. 69 (2015) 30 K. Schaeffner et al, Astrop. Phys. 69, 30 (2015)

Event-by-event 𝛼/𝛽  discrimination 
requires light detectors with ~15-20 eV 
resolution
TES-based light detectors: promising start
CRESST/LUCIFER: W-based detectors
US (Berkeley/Argonne): bilayer TES 
US (MIT/UCLA): anti-reflective coating

Y. Kolomensky

(a) C. Arnaboldi et al., 34, 143 (2010)
(b) J. Beeman et al., Phys. Lett. B 710, 318 (2012)
(c) C. Arnaboldi et al., 34, 344 (2011)
(d) N. Casali et al., Eur. Phys. J. C75, 12 (2015)



Measured 
R-T 
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TeO2+Light R&D in the US
• TES sensor operates at transition temperature Tc

q Should be near base T~10 mK 
q Europe: W-TES, lowest Tc=15 mK
FDifficult to produce reliably

• US: TES based on superconducting bilayer films
q Argonne, UCB/LBNL, MIT/UCLA
q Already candidates with Tc~20 mK
q Milestones:
F  2016: prototype LD; demonstrate 𝛼/𝛽 discrimination 

in small crystal (surface)
F 2017: 𝛼/𝛽 discrimination in CUORE-sized crystals 

(underground)
F 2018: single-tower TeO2 demonstrator with dual 

readout 
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Berkeley/ANL

Response to heater pulse

3

Animated GIF:

http://moller.physics.berkeley.edu/
~tdonnell/work/squiddata/figs/

HeaterPowerScan.gif

~0.2 MeV ~0.4 MeV

2x ~0.4 MeV

Background: ANL printed patterned TES sample.

• Our first printed (not glued) and patterned 
bilayers. 

• 5 TES’s on 500µm Si wafer (different 
thickness Ir/Pt + Au, designed for low TC. ).  

• Made with lift-off.  

• None were seen to transition to s.c. regime. 

4

Response to heater pulse

3

Animated GIF:

http://moller.physics.berkeley.edu/
~tdonnell/work/squiddata/figs/

HeaterPowerScan.gif

~0.2 MeV ~0.4 MeV

2x ~0.4 MeV
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Multi-Isotope Possibilities in Bolometers

24

• Q > 2.6 MeV dramatically lower in background in 0νββ ROI 
• High-resolution detectors → minimize 2νββ

Enrichment costs: $17/g (Te), ~$100/g (Se, Mo)

Q-value and Background: Isotope Choice   

Bolometers already  
successfully tested Environmental  “underground”  HPGE  Background: 

238U and 232Th trace contaminations 

130Te 
76Ge 100Mo 116Cd 

82Se 

Isotopes with  Qββ > 2615 keV 
would be  preferred because they 
lie above the most intense natural 
 J  radioactivity edge 

Gerda Experiment – Background spectrum 

Qββ 
above 
208Tl

6

Table 1: Properties of the most commonly studied 0nbb candidates: Q-value, isotopic abundance, and T

2n
1/2 half-life (average

values from [41]). R|m
ee

|=10meV
0n is the range of 0nbb count rates expected in an energy window of a FHWM around the

Q-value, for a Majorana mass of 10 meV, corresponding to the largest and smallest NME values among those of Fig. 2. The
ratio of signal counts in an energy window of a FHWM around the Q-value for a Gaussian distributed-signal is f (DE =
FWHM) = 0.76. In the last column we report the 2nbb event rate around the Q-value, calculated by integrating the last 10
keV below the end point of the 2nbb spectrum. All rates are expressed in counts per year per ton of 0nbb emitting isotope.

Isotope Q a T

2n
1/2 R|m

ee

|=10meV
0n R10keV

2n
[keV] [%] 1019 [y] [cnts/y/toniso] [cnts/y/toniso]

48Ca 4274 0.2 4.4+0.5
�0.4 0.06 - 0.9 5 ⇥ 10�6

76Ge 2039 7.6 160+13
�10 0.05 - 0.5 4 ⇥ 10�6

82Se 2996 8.7 9.2±0.7 0.17 - 1.5 8 ⇥ 10�6

96Zr 3348 2.8 2.3±0.2 0.16 - 2.0 2 ⇥ 10�5

100Mo 3034 9.6 0.71±0.04 0.35 - 2.9 8 ⇥ 10�5

116Cd 2814 7.5 2.85±0.15 0.27 - 0.9 2 ⇥ 10�5

130Te 2528 34.2 69±13 0.15 - 1.0 2 ⇥ 10�6

136Xe 2458 8.9 220±6 0.1 - 0.6 6 ⇥ 10�7

150Nd 3368 5.6 0.82±0.9 0.36 - 1.7 3 ⇥ 10�5

Thermometer(

Light(

Energy(
release(

Scin4lla4ng(
bolometer(

Light(Detector(

Fig. 3: Operating principle of a scintillating bolometer. The
release of energy inside a scintillating crystal follows two
channels: light production and thermal excitation.

background only) from b/g interactions (which can be a
part of both the background and signal).

A scintillating bolometer functions by operating a scin-
tillating crystal as a cryogenic bolometer (as described above)
and coupling it to a light detector, as shown in Fig. 3. Similar
to other large-mass bolometers, the best energy resolution is
achieved at extremely low temperatures (⇠10 mK).

When a particle traverses the scintillating crystal and
interacts with the lattice, a large fraction of the energy is

transferred into the crystal as heat, raising the internal en-
ergy, thus inducing the already mentioned temperature rise.
A small fraction of the deposited energy produces scintilla-
tion light that propagates as photons out of the crystal. These
are then detected by a separate light detector facing the crys-
tal. The light detectors used so far for scintillating bolome-
ters are bolometers themselves and consist of germanium
or silicon wafers, kept at the same temperature as the main
bolometer. Scintillation photons deposit heat into the wafer
and induce a temperature rise, which is then measured by a
second thermistor.

The signals registered by the two thermistors are conven-
tionally named heat (the one generated in the main bolome-
ter) and light (the one induced in the light detector). Al-
though they have the same nature (temperature rises), they
originate from different processes.

An interesting feature of scintillating bolometers is that
the ratio between the light and heat signals depends on the
particle mass and charge. Indeed, while the thermal response
of a bolometer has only a slight dependence on the particle
type5, the light emission from a scintillator changes signif-
icantly with ionization energy density. Particles like b s and
gs have similar light emission (referred to as the light yield,
i.e. the fraction of particle energy emitted in photons), which
is typically different from the light emission induced by a
particles or neutrons. Consequently, the coincident measure-
ment of the heat and light signals allows particle discrimina-
tion. If the scintillating crystal contains a bb candidate, the

5This dependence is of the order of 7h for TeO2 crystals [49] and
about 10-20% for scintillating crystals [50, 51].



ZnSe	Scintillating	Bolometers

ZnSe	crystals	show:	
- Excellent	light/heat	discrimination	-	α	scintillates	more	then	β	
- Excellent	pulse	shape	discrimination	-	especially	on	light	signal

82Se	enriched	@URENCO(96%)

Zn82Se	grew	@ISMA	(Ukraine)	
Final	enrichment	95%	in	82Se

Ezio	Previtali	–	INFN	Milano	Bicocca

For	CUPID-0	experiment

MEDEX’17	–	Prague

Ezio Previtali, Medex 2017



CUPID-0	Experiment
24	Zn82Se	bolometers,	for	a	total	mass	≈	5.1	kg	of	82Se	
2	ZnSe	bolometer	≈400	g	each,	not	enriched	in	82Se	
Qββ(82Se)	=	2996	keV	
Light	detectors	high	purity	Ge	wafers	with	antireflecting	coating	
Thermal	sensors	made	with	NTD	thermistors	
Detector	assembled	in	5	towers	in	Cuoricino/CUORE-0	cryostat	
Total	active	mass	of	the	detector		 	 1̴0.5	kg		
Expected	background	@	ROI	10-3	count/(keV	kg	year)	
Expected	FWHM	energy	resolution	@	ROI	20	keV

Ezio	Previtali	–	INFN	Milano	BicoccaMEDEX’17	–	Prague

CUPID-0	is	installed	in	the	
Cuoricino-CUORE-0	
dilution	refrigerator	
placed	in	the	Hall	A	of	
LNGS	

Expect	first	results	soon	

Ezio Previtali, Medex 2017



Li2100MoO4	scintillating	bolometers:	
a	mature	technology

Multiple	tests	with	natural	and	enriched	crystals	(2014-2017)	in	LSM	and	LNGS	
with	outstanding	results		in	terms	of:
Reproducibility		 	 →	 excellent	performance	uniformity	
Energy	resolution		 →		 ∼ 4-5	keV	FWHM	in	RoI		
α/β	separation	power	 →		 >	99.9	%		 
Internal	radiopurity	 →	 <	5	µBq/kg	in	232Th,	238U;	<	5	mBq/kg	in	40K

Compatible	with		b	≤ 10-4	[counts/(keV	kg	y)]

http://arxiv.org/abs/1704.01758

EDELWEISS

A. Giuliani

NIM	A	729,	856	(2013)	
JINST	9,	P06004	(2014)	
EPJC	74,	3133	(2014)	
JINST	10,	P05007	(2015)	
arXiv:1704.01758	(EPJC)

2017

Li2MoO4 ~ 0.8 kg



Scintillating Bolometer R&D

Crystal Production has been the 
focus of the U.S. Groups: 

•We partnered with RMD 
Inc. in Watertown, MA due 
to their experience growing 
low background crystals. 

•ZnMoO4, Na2Mo4O13, and 
Li2MoO4 crystals have been 
grown. 

•SBIR Phase 2 just awarded!

L. Winslow



CUPID-0/Mo	pilot	experiments
CUPID-0/Mo	Phase	I	(20	crystals	already	delivered):		
➢ 20	100Mo-enriched	(97%)	Li2MoO4 

(∅44×45	mm,	0.21	kg	each;	4.18	kg	total)  
⇒ 2.34	kg	of	100Mo	(1.37×1025	100Mo	nuclei)	

➢ 20	Ge	light	detectors	(∅44×0.175	mm)+SiO	
➢ EDELWEISS	set-up	@	LSM	(France)	
➢ T1/2	of	O(1024	yr)	
START	DATA	TAKING:	December	2017	

CUPID-0/Mo	Phase	II	(20+20	-	or	more	-	crystals):		
➢ At	least	additional	20	Li2100MoO4	
➢ CUPID-0	set-up	@	LNGS	(Italy,	under	discussion)	
➢ T1/2	of	O(1025	yr)

CUPID-0/Mo

EDELW
EISS

A. Giuliani



Conclusions 

Neutrinoless double beta (0νββ) is the only method for probing the Majorana nature 
neutrinos. Observation would establish lepton number violation and physics beyond 
Standard Model. 

CUORE program builds on the success of CUORICINO and predecessors
• CUORE-0 (2013 - 2015)

– CUORE & CUORE-0 successful background mitigation and modeling 
– energy resolution of < 5 keV FWHM for ROI reached
– T1/20νββ (130Te) > 4.0 × 1024 y (90% CL)

– T1/22νββ (130Te) = [8.2±0.2(stat)±0.6(syst.)] x 1020 y

• CUORE 
– projected T1/20νββ  ~ 9 x 1025 yr (90% C.L.)

– started operations and is going through detector optimization 
– expect to report initial data this summer

• Beyond CUORE: R&D effort is underway. Large bolometers offer path towards 
exploring the inverted hierarchy. 
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