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Cuoricino and CUORE detectors: developing big
arrays of large mass bolometers for rare events
physics
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Neutrino proprieties and DBD

Nuclear (3 decay is a rare nuclear process; Two interesting
decay modes are usually discussed:

() DBD2v: (A,Z) — (A,Z+2) + 2e- + 2V,

dg_éi{yLve- 2nd order elettroweak process allowed by

d AINA - SM, has already been observed in various
N <-e nuclei ©2 ~ 1019 - 1021 y
2v - BP decay

@ DBDOv: (A,Z) — (A,Z+2) + 2¢-

-
In pre-oscillation
“ _ : : standard particle physic
d_ { | aRH (L=1) antineutrino (massler;,s neutﬁng)
R4 e i I ’
el Is emitted < the process is forbidden because
W s e neutrino has not the correct
P \ _ : helicity/lepton number
u [ ‘Ia LHb (L b 121 neutrino to be adsorbed at the second vertex
0v - BB decay S absorbe L - ) |
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Neutrlno proprletles and DBD

IF neutrinos are massive Majorana particles (v = (v)¢) : helicity can be
accommodate thanks to finite mass, AND Lepton number is not relevant.

Measuring Ov-DBD is a very important
test of neutrino nature

Cuoricino (and CUORE) are experimentsp &fntmuum Part—of 'dbkrglou“d m
of 130Te, 1g mmmrg‘[ 1/3Q > 2v :_,.-"thC "'..EO‘.' egion
detectors with the, so called, caforimetric-technique / comes Hff : A ZV'OV
1.5 ) process:

measuring 0v-DBD

(calorimetric technique)
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Experimental approach
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- /' Resolutioh st be /
An energy line is aspected ¢ / better than 2% for
at the +h% QDé°5“° Uli thf q measuring'. the pea
reactior). \II by g peak enlarged (i.e. better then 50 ke
only by detector's energy| , .
@ 2528 keV) ™

%Te) = o5Jd@RNytion 0.0+ . . | T
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CUORE @ LNGS

CUORE R&D (Hall C)

CUORE location (Hall A)

Cuoricino (Hall A) -
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Cuoricino and CUORE

Cuoricino is an array of 62 bolometers:
heat bath

weak thermal
coupling \

thermometer

Teflon
pieces

woce NN
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Detector sensitivity for DDB-0v

Sensitivity Lifetime corresponding to the minimum number of detectable

events above background at a given C.L.

Detect k
etector mass (kg) Measurement Time (y)

Isotopic abundance
Efficiency

a

» S =1In2xN, x

A
Atomic mass /

Background (counts/keV/kg/y)

Energy resolution (keV)

Detector immprovements must be on:
*Increase detector mass

*Background reduction (and if possible
rejection)

.Increase energy reSOIUtIOn 9th Topical Seminar on Innovative
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Increasing the mass

Two ways:

1. Increasing the absorber crystal of the
single detector

Temqggﬁure variation
i measure by NTD Energy release
2. Increasing number of detectors T‘ ‘//C
AT =E
@® 1991 : first TeO2 bolometer, 73 g of mass ‘L
1993 : first 340 g TeO, bolometer, 3x3x6 cm? Absorber heat

capacity
2000 : first 790 g TeO, bolometer, 5x5x5 cm? the only limitation is

_ given by the heat
. 3
2004 : first 1300 g TeO, bolometer, 6x6x6 cm® capacity of the crystal

that is proportional to

‘ Thermal noi i.e. baseline | ume.
oscillation d pation on the
crystal (main e amplitude of T imitation is
this type of the increasing iver?estig10icgiowing
of C.SINis ¢ ystalsoxs Gh°  big
dimensions.
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Increasing the mass
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Cuoricino

Mixing chamber ‘
\\
Cold finger _|
|
.l 4 detectors 5x5x5 cm3, 790 g each
o I _
] Planar Section
Tower «-]—a—»[
> | #
b I
L
|
Total mass
40.9 kg bmpletely
e materials.
Roman Pb
A4 shield = ,
B0l Gorla 9 detectors 3x3x6 cm39'340 g égehpr on Innovative
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Background

Bkg sources in the DBD region:

* Degraded a pa ;cles from material surface

\

—>
« Multicompton effects and other gamma 10

process

208 Tl ﬂ

Counts

214 Bi | |

Coincidence detection on faced

crystals allows:

2400 2500 2600 2700

Energy [keV]

* Reconstruction of the sum energy of

the event

 Rejection of the events in

anticoincidence ‘

Surface contamination from non active
material (Cu, Teflon,...) cannot be
rejected with anticoincidence.

* Reduce material possible source of
contamination: no mater how clean is the material
you use, treatment always introduce surface
contamination.

* Clean surfaces with special techniques

9th Topical Seminar on Innovative
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Detector preparation

Surface cleaning:
Lapping of the crystals surface
A with radio pure powders

(18/62 in nitrogen atmosphere)

Nitrogen

Detector assembly:
, / Gluing thermistors and heaters:
L.—- L,,.—-e-—qr.** all done 1n nitrogen atmosphere

R |

i 4

4
oy
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Clean procedures

Completely done in nitrogen
atmosphere
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Resolution: 790 g detector performance

In the past years a big effort was made in R&D on the
5x5x5 cm® TeO, detectors (790 g)

100

210Pg o line

80 |

The best 790 g detector: ] T~

1.4 keV FWHM @ 0.351 MeV “
2.1 keV FWHM @ 0.911 MeV
2.6 keV FWHM @ 2.615 MeV ;
3.2 keV FWHM @ 5.407 MeV oo

Counts

40 |

(the best a spectrometer ever realized) Ty P Ty . NJ
AAlessandrello et al, NIM A440 (2000) 397-402 L L L L L L L L L L L L L B R
3800 4200 4400 5000 5400 5800
Energy [keV]

One of the best techniques for measuring very
low radioactive contaminations
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Resolution: Cuoricino

Background Cal i b ratiO n Background
s B “F FWHM [keV] of the 2615 keV gamma
3500-— ——5x5x5 detectors 1200:— —— 3x3x6 nat. detectors Iine Of 208T| (Calibl’atiOn With a 232Th
aF _
g ‘e source ~ 3 days)
22500 2 L
Zo00- g I
S S ol W average 5x5x5 cm?3 crystals ~ 7 keV
I 100 ‘
N || - ] average 3x3x6 cm?3 crystals ~ 9 keV
o) W } -
$ie 54 1 L, | ki 1 3 | hscian 7 N
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500
Energy [keV] Energy [keV]
Energy resolution FWHMa 2615 kev Energy resolution ducibilitaler
6 —Impr@ving-the reproducibility o
b X Y
14 11 and  detector
E 0] average
10 8 ; - £
o] 3 7 8 MBeta Y h_er
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>
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(1)77 || ] ‘ ‘ ‘ . ‘ ‘ [0} ‘ ‘ T T \ ‘ ‘ 1
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Cuoricino results
After ~4 month of measure, 5.4 kg'y:

Background £ region

(anticoincidence spectrum)

= 0.19 c/keV/kgly

‘ Total results for life time and Majorana mass:

T 275 10° y(90% CL)

]




Cryogenic Underground
Observatory for Rare Events

——_____ Detector
damping suspension

Array of 1000 detectors: %!%._
25 towers - 10 module/tower - 4 detectors/module |

—> M =0.79 ton di TeO, el
T —

e Dilution uni¢

||; o

Sensitivity on DBD-0v (extimated bg 1 c/keV ton y) !
T ~6.610%y <m >~ 15-40 meV =
7 | %
A Themnal shields
T~ Mixing chamber
and cold finger
/70 cm
—— Detector
\j
Lead shialding

25 CUORICINO-like towers
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Cuore is a huge improvement
not only in mass but in
segmentation (anticoincidence)
and modularity (resolution)

More stable older

Paolo Gorla

Cryogenic Underground
Observatory for Rare Events

A CUORE slice
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Conclusion

»Big arrays of macrobolometers are reliable
detectors for rare events physic

»Cuoricino demonstrate the possibility of
having an average good energy resolution
on many detector and tested the
improvements of anticoincidence technique

»CUORE, a second generation detector
developed on this new approaches will be
build in the next 5 years.
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