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* CUORICINO set-up, results and background
* CUORE-setup, perspectives ad sensitivity
* R&D for background reduction
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Bolometric technique (source = detector)

TeO, crystals (DBDOv candidate “*°Te)
Energy deposition => AT=E/C+T3* (T~10mK)
Smc thermometer => AT -> AR AV/AE = 1 mV/MeV

. 11 modules, 4 detector each
crystal dimension: 5x5x5 cm?
crystal mass: 790 g

Total mass:
40.7 kg of TeO

2

11.34 kg *°Te

2 modules, 9 detector each
crystal dimension: 3x3x6 cm?®

crystal mass: 330 g

2 enriched in '"®Te @ 82.3%
2 enriched in ¥°Te @ 75%
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Located at LNGS (3200 mwe)
in a He3/He* dilution
refrigerator (T~10 mK)

- Cu shields

- Internal Roman Lead
(1.5 cm on side + 10 cm on top and bottom

- 20 cm external Lead

- Nitrogen overpressure
- 10 cm (10%) Borated PET

- Faraday Cage

Faraday cage

radon box

PET shield
(MiDBD-Il and

N\

Gino)

cryostat
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vacuum pumps

Read out
system

external lead shield

Detector

/RM% lead shield

He liquefier
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Statystics: ‘ kgy ¥°Te

* FWHM measured on bkg spectrum at 2.6 MeV ~ 8 keV
* bkg counting rate = 0.18 +/- 0.01 cnts/keV/kg/y
* best fit yields NEGATIVE effect

peak shape = N-gaussian (to account for the different - measured - energy resolutions)
flat bkg + 2505 keV peak

flT inTer'VGI = 2475 - 2550 keV % 0Co sum peak
1,> 2.4 10# [y] @ 90% C.L|J} " |

<m > < (0.18 + 0.94) eV

DBDOv = 2530.3 keV

NME from
“New Limit on the Neutrinoless bb Decay of *°Te”,

C.Arnaboldi et al., PRL 95, 142501 (2005) 2500 2540
Energy [keV]

New statistics (reaching 11.8 kg y of “°Te) is being analysed in these days
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°IE Tnverted hierarchy

0.001

0.0001 0.01

nlMlN [EV]

l<m>| [eV]

Ge evidence
(best value 0.39 eV)

Klapdor-Kleingrothaus HV et al. hep-
ph/0201231

Sensitivity: half life corresponding to the minimal number of detectable

events above background, for a given C.L.

. iz With 3y live time:
SV = In2 XN, X 10° X T X € T, ,2 7x10%y

am><0.1:0.6 eV

Background level



Evaluated contributions to the DBDOv region bkg ( 0.18 +/- 0.01 cnts/keV/kg/y):

230 + 5% from “°°T| (2614.5 keV line) Compton events ( 22Th in cryostat shields)
(easily avoided by proper material selection)

220 + 5% from crystals surface 238U, 232Th, *°Pb contamination

a 50 + 10% from degraded alpha produced by 238U, 232Th, ?*Pb contaminations of
mounting structure (main candidate the copper surface )

+

B MVeasured spectrum
B MC sum spectrum

B MC Cu surface cont. ¢ Jk A "WM\ A
MC TeO, surface cont. O L WL_M | 1{ ‘
W \(C TeO, Bulk cont. |, || il

§ |
MC 232Th cryostat cont. | | |
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52 detectors

988 detectors
(cilindrically arranged)
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b=0.01 c/keV/kg/y b=0.001 c/keV/kg/y
I'=5 keV =5 keV
Fov=9.25x10%5/ 1 y Fov=2.9x10%/1 y

<m >=29-150 +* meV Qf<m >=16+85 t+/* meV

B=0.01 c/keV/kg/y,
T=Dy

B=0.001 c/keV/kg/y

T=by
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Cu: etching, electropolishing and passivation
TeO2: etching and lapping with clean powders

Assembling with clean materials
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Used 12 pym polyethylene sheet to cover Cu surfaces facing the
crystals => enough to stop a's coming from Cu surface
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=> reduction of ~5 of o peaks (crystal surface contamination)

=> reduction of ~ 1.8 of the continuum in the 3-4 MeV o peak free region (Cu surf.)
=> appearance of sharp and gaussian o peaks (crystals bulk contaminations)

=> 5.3MeV peak with rate ~ CUORICINO (?!°Pb on both TeO, and Cu surface)

W CUORICINO
W HALL C TEST

A A

I il 1 I I 1 L 1 1 1 1 1 il I 1
g000 T000 10000

Energy [keV]

Counts/keVikgry

We were able to disentangle crystal contamination
(Apparently crystals bulk has Th isotope contaminations, no evidence
of U contamination in secular equilibrium)
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TeQ?2 Bulk contamination:

from the visible peaks and assuming secular equilibrium
contaminations have been evaluated:

= (2+/-04)x 100 g/g Contribution to CUORE DBD bkg
=> (1.0+/-0.2) x 108 g/g (Montecarlo simulation)

~ 104
> (8 +/- 1) x 106 Bq/kg 10* c¢/keV/kg/y

Surface contaminations:
30 +5 % ***Th in cryostat

CUORICINO DBD bkg: 0.18 + 0.01 c/keV/kg/y = 4 20 + 5 % TeO, Surface
50 + 10 % Cu Surface

21- ?elic’red g“d cc;pfimizgd _Tih'g'ds X negligible cryostat contribution
. Factor ~ 5 reduction in TeO, cont. ~7:10° c/keV/Kg/y

" Factor ~ 1.8 reduction in Cu cont.

3.4 New structure geometry 2
’ (~1/2 Cu facing crystals) ~2.5-10 c/keV/kg/y
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Pasaa

classic pulse
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classic pulse
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classic pulse

fast and
high pulse

AV Si thermistor

surface
events in
the Si1 mixed events that
shield release energy
both in the main

absorber and
in the shield

bulk events in the
TeO2 main absorber

AV TeO2 thermistor

L. Foggetta et al., Appl. Phys. Lett. 86, p.134106 2005

Very useful technique able to discriminate Bulk vs. External events
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New test performed with TeO,

Germanium and Silicon slabs tested




CTI

CAW

SSB

Cu Polyethylene coverage
New Teflon spacers

2 detectors with passive slabs
2 detectors with 5 working

~ Active slabs

Passive slabs
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Reduction of a factorl@with respect to RAD test of The
between 3-4 MeV => 0.04 + 0.02 c/keV/kg/y

Why haven't SSB removed all the residual
surface radioactivity?

. Only partial coverage

. 1slab out of 6 was not active in both detectors

. Slabs contaminated in Th and U - passive slabs not fully efficient

. We have reached a hard pedestal which is not Cu surface radioactivity

Future tests:
- run without TEFLON spacers (teflon relaxations could be the pedestal source ??)
- run with 4 full covered detectors with cleaned and active slabs

- other??
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- is a DBDOv experiment running since 2003 with good
performances

- With a statistics updated to June 2006 of 8.38 kg y of “*°Te the limit on
<m >< (0.18 + 0.94) eV

- New statistics (reaching 11.8 kg y of °Te) is being analysed in these days.

- Large masses, high energy resolutions and low background are mandatory
in order to have high sensitivity to DBDOv.

- The study of the CUORICINO measured background gave important hints
with respect to background sources identification.

-An intense R&D with promising results is going on with respect to bkg
reduction in view of the 2" generation experiment (~1ton),

expected to reach the inverse hierarchy region of the v mass spectrum




