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CUORE-0 AND CUORE
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A crowded summary slide...

Decay diagram

Energy spectrum

Interesting isotopes
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The bolometric way to DBD S8

The key point when using a bolometer is that you can:

FIRST choose the isotope THEN define the compound

Weak -
Thermal

coupling
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radiation (E)

Pros: - good energy resolution
- different sources could be investigated
- high efficiency (internal sources)

Cons: - no dead layer
- low temperature tech required




OvBP research with TeO,  [IEN

( waoTeisa good DBD candidate ( ¥*°Te — 13%Xe + 2 e") with high natural i.a. (34.2 %) and h
reasonably high Q-value (Q~2528 keV) leading to high G(Q,Z) and low background

+TeO, is a compound with good mechanical and thermal properties containing **°Te
#5x5x5 cm? TeO, crystals have a high detection efficiency for OvBB events: ~87.4%

.

MiDBD Cuoricino CUORE-0
1.8 kg ¥°Te 11.3 kg B°Te

1997-2001 2003-2008 2012...2014



Location

In Hall A of LNGS, Italy
(Laboratori Nazionali del Gran Sasso)

Cuoricino/
CUORE-O hut

/Average depth ~ 3650 m.w.e. )
u flux: (2.58 + 0.3)-10® p/s/cm?

n flux <10 MeV: 4-10°® n/s/cm?
y flux < 3 MeV: 0.73 y/s/cm?
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From Cuoricino to CUORE -

4 988 TeO, 5x5x5 cm® crystals (750 g each) R
Detector Mass: 741 kg TeO,
139Te mass (natural i.a.) : 206 kg of 13°Te

Array: 19 towers, each with 13 planes of 4 crystals each

Sensitivity improvement:
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(Mx20) + (AE/1.5) + (Tx2) + (b/20)
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=> CUORE S% ~ 35 Cuoricino S%

=) | the most challenging issue is background reduction




Cuoricino Lesson: The Bkg origin
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Background reduction

Passive methods adopted for CUORE

while testing different active methods (i.e. Surface sensitive bolometers, scintillating bolometers) for future improvements

+ Pb Shields design (36 cm minimum) and strict materials selection
+ New holder design to reduce the amount of copper facing the crystals

+ TeO, crystals bulk contamination control: strict protocol for TeO, production
J. Cryst. Growth 312 (2010) 2999-3008

+ Crystals surface contamination reduction: new treatment developed
Astrop. Phys. 35, (2012), 839-849

+ Reduction of surface contamination of the copper facing the crystals:
Astroparticle Physics (2013), doi: http://dx.doi.org/10.1016/.astropartphys.2013.02.005

+ Further improvement thanks to high detector granularity (anticoincidence
Astrop. Phys. 33 (2010) 169



Detector assembly approach [S&8

A ZERO-CONTACT APPROACH

Once the detector parts are clean...

* No more contact with air (Rn)
* No contact with tools or parts not validated

» Detector always kept under nitrogen flush










CUORE Status and schedule -

- Detector assembly started in February 2013 and
will finish in June 2014

- Crystals for 10 towers already glued with heaters
and thermistors

- 9 towers assembled
- 4 towers already bonded and put to storage

- Cryostat commissioning and tests are ongoing and
will be completed in June 2014

- Detector installation and commissioning will take
place in the second half of 2014

. Cooldown foreseen before the end of 2014

Meanwhile....




CUORE-0: the Demonstrator -

- A single CUORE-like tower:
- 52 5x5x5 cm?® TeO, bolometers

- Test of the CUORE cleaning procedures
- Test of the CUORE assembly procedures
- A sensitive OvDBD experiment

- Same detector mass as CUORICINO:
- TeO2 mass: 39 kg
- 130Te mass: 11 kg

- Shielding:
- Internal and external lead shield
- Borated Polyethylene shield
- Anti radon box

Started data taking in March 2013

Operated in the CUORICINO cryostat:
Y background not expected to change = study o background



Cuore0 - operation conditions [¥=8

Operating temperatures (mK)
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Data taking
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Counts/keV [x103]

Calibration sum spectrum  [R&8

CUORE-O Preliminary
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Background sum spectrum  [§E8

CUORE-() Background Spectrum

CUORE-D Preliminary
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Energy resolution
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Cuore-0 vs Cuoricino bkg  [¥&8

— Cuoricino

— Cuore-0

Counts/keV/kg/y

107!

:

1000 2000 3000 4000 5000 6000 7000 8000

238 y lines reduced by a factor 2 (better radon control), Energy [keV]
232Th y lines not reduced (originate from the cryostat).
238 and 2%°Th a lines reduced thanks to the new detector surface treatment.
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Flat alpha background 3
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OvBp region 2700-3900 keV (detector+cuts) FRIEEIRIRRE
CUORICINO  0.153 + 0.006 0.110 + 0.001 83+ 1 IR 212 IR
Rz
CUOREQ 0.074 + 0.012 0.019 + 0.002 78+1



Ovpp region (blinded)
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Our way of blinding is to salt the data:
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T%2 [year] (90% C.L.)

Cuore-0 Sensitivity
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Isotope exposure [kgLyear]
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Cuoricino limit: 2.8x710%* yr
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T‘,’}’z [yl 1o Sensitivity

Cuore-0 and Cuore Sensitivities -

1o sensitivity T, ,2PP = 1.6 x 102 y; effective Majorana mass down to 39-102 meV.

« Assuming a background rate of 102 counts/(keV kg y), and 5 keV FWHM

« 5yearsof live time

» Detector assembly will be finished by June 2014, followed by installation in July and
commissioning by the end of 2014.
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What beyond CUORE?

ea.r. { MT 1/2
A bAE
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Extensions beyond CUORE are possible in order to increase sensitivity to cover the inverted
hierarchy region of the neutrino mass spectrum

+ Relatively inexpensive isotopic enrichment of 139Te

+ No change needed to the experimental infrastructure
+ > 500 kg of 139Te

» Afactor 3 increase ini.a. => S%,,,~ 3 S%, .,

* Particle discrimination (R&D is being developed):
signal shape, surface sensitive detectors,
Cherenkov light detection, scintillating bolometers...



Beyond CUORE: double read-out

Bolometry - best of both worlds » Next generation Inverted Hierarchy Explorer
« Bolometer utilizes only the low heat (IHE) to fully cover the IH region
capacity of dielectric crystal. * Phonon + photon

* CUORE operations and scientific success are
critical for the future bolometric program.

« High efficiency and flexibility in
candidate isotope choices.

. : % 10T, 56 discovery gotential

» Especially valuable for discovery g B oy
confirmations in different isotopes. I Jsiten
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Conclusions

TeO, bolometers represent since many years a competitive detector for Ovp33 research.

After the CUORICINO lesson a strong R&D has been developed in order to reduce the
background in the ROIl. CUORE-O0 is the answer to those studies: 6x improvement on alphas

With a background at the Ovf33 of 0.074+0.012 counts/keV/kgly (surface + cryostat) it will
overcome the CUORICINO sensitivity in less than 1 year of data taking.

CUORE goal of 0.01 c/keV/kgly is just behind the corner.

CUORE is under construction: CUORE cool down is foreseen by end 2014.
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