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Crystals grouped in a
“cylindrical” matrix of 19 towers
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Single tower:
thirteen (4 crystal) modules
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single dilution

refrigerator (~ 10 mK)




Thermometer
Incident particle
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good energy resolution
wide choice of absorber materials

true calorimeters
slow t=C/G~1+10° ms

%Z;—E‘C
| : thermal capacity "

low C

dielectrics, superconductors

ultimate limit to E resolution:
statistical fluctuation of internal
energy U
U2 = kBTZC

C ~ T3 (Debye) = C ~2x10?° J/IK

1MeVy-ray = AT ~80 uK

= AU ~10 eV
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-signature

natural abundance: a.i. = 33.9%
transition energy: QBB = 2529 keV

encouraging predicted half life
I E0.3eV 1,,7=10% years

low heat capacity
large crystals available
radiopure
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Spread in ¥n_ ¥ from nuclear matrix
element uncertainty
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<Slighly modified single CUORE tower

test:
S Jelrg_g" ass TeO, detectors

. f—like structure of CUORE sub-elements
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> WIMP Dark Matter

> 139T°e Neutrinoless Double Beta Decay
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central crystal has a 4r active shielding
like in CUORE configuration
for anti-coincidence background reduction

=11 modules with 4
big detectors
~44 TeO, crystals
+5x5x5 cm® = 790 g
>TeO, mass = 34.76 kg

Total number of detectors: 62

sdiCry/stalstarerencned
v2x19Te0, + 2x'%°Te0,

total active mass
>TeO, — 40.7

kg
>130Te —» 11.2
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February 2003 - April 2005 . ™ —_—
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= 30 790g detectors

RUNI =16 3309 detectors
A >TeO, —» 29 kg

duringiel >130Te » 7.98 kg

i >128Te — 7.36 kg

-~ EER

=40 79’09 detectors

B =18 3309 detectors

= >TeO, - 37.5 kg Cooling down:
>130Te > 10.3 kg Detectors:
>128Te — 9.53 kg

CUORICINO DUTY CYCLE
Source calibration: Th wire ~ 3 days
Background measurement: 3-4 weeks

DBD (background) live time ~ 64%
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IE Y@ 2615 keV
90 g crystals ~ 7.5+/-2.9 keV
330 g crystals ~ 9.6+/-2.5 keV
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in the sum bkg spectra of:

4.3 kg 13°Te * y - FWHM ~
3x3x6 cm? 0.5 kg 13Te *y - FWHM ~
3x3x6 cm 0.2 kg '39Te * y - peak not visible

35 =

i.rﬁl Bkg 0.5-3 MeV (gamma region)
30 @ bkg counting rates of small and big
= .'i crystals are almost compatible
25 i) @ all the gamma lines are identified (U and

Th chains, °Co, “K, 2°"Bi ...)
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statistics: . — ——_—
» anticoincidencess _ '

etector efficiencies: 86.4% (720g) and 84.5% (330g)
o run | + run Il (3 April. 2005) 0 bl cn el
M \[Nel-E1is observed at the transition energy (2528.8 keV)

a :{ate in the OvDBD region = 0.18 £ 0.02 c/keV/kgly

o

- N

procedur ' =

: + flat background +
'g) reglon =

Jres_ponse function = each with the characteristic FWHM
resolufuon at 2615 keV of the n'" detector

t,,>1.810*yat90% C.L. (<m > <[0.2:1.1] eV)
- best fit yields a negative effect ...

~~5% variation of the limit when changing the , the
and when
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Gamma region, dominated by _ _
gamma and beta events, Alpha region, dominated by alpha peaks

highest gamma line = 2615 ( or contaminations)

keV 2%Tl line (from %2°Th chain)
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» cosmi
» Neutrons
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2615 keV Tl line = contribution to the DBD bkg due to a Th contamination.

«Most probable location: in between the inner Roman lead shield and the external lead shield
(clear indications from the intensity ratios of Th gamma lines at different energies).

«Measured bkg shape: good agreement with MonteCarlo simulations and source calibration
measurement (Th wire inserted just outside the cryostat OVC).

«Th(TI) contribution to DBD background: ~ 40% (prelimina
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No other gamma lines
identified near or above
the OvDBD transition
energy = no
contributions from other
gamma sources.
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2505 keV line: sum of the 2 ®0Co gammas(1173 and 1332 keV)

» Individual ¢°Co lines: clearly observed in the bkg spectrum (almost uniform counting rate
on the different TeO2 bolometers)

» Most probable source: neutron activation of the Copper detector structure
» Contribution to DBD background: negligible (beta tail accompanying the 2505 peak)




‘l-~.

, -
HENseHaioundin the energy regioniabove the Tl 2615 keViine
.Natural extray

aContribution . ‘he OvDBD

EWWM bl
IO s "' Bl ™ WMIWWIMH'I’IWW(I il

3200
eV

What are the possible sources of this flat background?



Counts/keV/kgly

5500
E [keV1 —

e neutrons

10 T utron shield (10 cm borated polyethylene) didn't show any significant variation in
4 ‘: eV ounting rate when mounted around the MiDBD experiment

Tlcs = poor limit: neutrons can still account for a fraction of the observed background
' from crystal surface contaminations,
: «varlous alpha peaks observed in the background spectrum,

~central energies, low energy tails and scatter plots of coincident events prove that these peaks
are due to a surface contamination of the crystals (mainly in 238U)

«Estimated contribution (spectra of coincident events on facing crystals): ~ 10%
contaminations of the inert materials facing the crystals

«No direct evidence of the existence of this contamination that according to our MonteCarlo

simulations (few micron surface layers) give simply a continuum background with no clear
signature.

« ~ 50% necessary to account for the OvDBD counting rate (Most likely source)
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Evaluation @ ORI | ba: fﬂiﬁ" "
contamination =iiio MIiDBD, CUORICINO and Ge

Mnents

Bulk containations

TeO, ~ 103g/g

= < 2 x 102 counts/kev/kgly

Cu~10"2g/g
- Surface contamination
:1 .9 10 Bg/cm? for TeO, = < 1.6 x 102 counts/kev/kg/
0 10°Bg/cm? forCu (Th) = <4.1 x 102 countsfkevikg/

A '8 2 -.

Required reduction factors:
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Neutron backgrounc
yroduced in
ota 8 10-3 c/keV/kgly

——
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Canbereauced by neution shield

< 10" c/keV/Kg/y
roduced in
6 105 c/keV/kgly } %
anticoincidence 1 106 c/keV/kgly Hagjlicjiols
oduced in ‘
~ total 2 10-3 c/keV/kgly
~ anticoincidence 110+ c/keVikgly [ Can be reduced by muon veto

*  Belli - measured
" Arneodo - measured
- —*— Waulandari — simulation for radioactivity in the rock
— — simulation for muon interaction in the rock
—=— Hime — simulation for muon interaction in the rock
—&— n induced by muons in CUORE lead shield
eutron flux si on CUORE set-up
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Neutron flux [n/cm2/s/MeV]

10?
Neutron energy [MeV]
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BUEKeContaminations: 2°TI 2615 keV line

208T| 2615 ke in

- CUORICI}

. yace: or hassive apure lead shield in the cryosta
» aints on cryostat construction material selection

~-CUORE

» rﬁcally designed in order to maximize the shield efficiency
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> |on of construction materials
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L REA CE Contaminations: 3-4 MeV continuous background

5?%55@ su (with ultrapure materials and tools) of all the detecto
— components + Proper
-Bolometric measurements

~<Recent test on 8 crystals (CUORE-like): improved surface treatment (developed@LNGS)
reduced crystal surface contamination by a factor ~ 4

* a dedicated array of 8 5x5x5 cm3 crystals operated in Hall C
- ICPMS bulk and surface measurement
« low bkg Ge spectroscopy
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Radioactivity
of two single CUORE modules
t ultra-radiopure materials and procedures

~ ~ I

J and lapping with radiopure acid and powders
SWith clean materials
S|t|ve detector for surface contaminations
X itiv e to secular equilibrium breaks
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,‘ ANTICOINCIDENCE SPECTRUM
| — Hall ¢  — CUORICTNO |||
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‘fR’e.d-uction of a factor ~ 4 on crystal surface contaminations:

Crystal Bulk contamination in U and Th

April 2005 measurement:
significant contributions from excluded
other measurement (different techniques) confirm these data
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rge size crystals (790 g) without loss of performance

aya M\A/C - B -

excellent duty cycle
int background sources identification

‘towards background reduction

:- new set-up with optimized shielding structure

- :aTTy designed to reduce as far as possible the amount of materials interposed
- —between the crystals

p—

:ﬁigﬁgranularity for background events identification and rejection
_(coincidence/anticoincidence technique)

e radiopure materials for detector and cryostat structure

» Construction material selection is started

+» Big efforts for the identification/reduction and control of the source responsible of the
Cuoricino DBD background (cleaning techniques, radiactivity level measurement,
surface sensitive detectors, detetor and setup structure optimization)
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Start date: 1st January 2005
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