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Introduction to L0 ¥

e
U208 (A 2 YA, Z+2) F 2e” + 2x
sallowed in Standard Model

1
=8, >10" years v

0% (4,2) YA, Z+2)+2e e
=not allowed in Standard Model ( L.=2) ‘\°\> e
1oue "0

expecte.. ...c.....c.
nuclear physics

<"’ v :Zk”‘ kakH“ ek|2

—In some mass schemes 0.01 < "M, <1.0eV

o 0o C
o C

neutrino mixing matrix
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Thermal detectors

electro-therma
link G

thermometer
A AV

D

¥ particle absorbe
E— A

Thermal Detectors Properties
A high energy resolution

A large choice of absorber materials

A true calorimeters

V slow EC/G~1+10° ms

Detection Principle
» W=F/C
C thermal capacity
—low C

=low T (i.e. T«1K)
—dielectrics, superconduct

sultimate limit to sensitivity:
statistical fluctuation of internal
energy U
"W =[,TC

=example: 760 g of TeO, @ 10 mK

C ~ T? (Debye) = C ~2x10” J/K

1 MeV Rray = '~80 K
= K/~ 10eV



, calorimeters

Calorimeters R S ;
1.0¢ FLQ ¥ -
=sSource < detector osl ==
Ala.rge Nnuclei _ %0.65—
ahigh energy resolution s | L2 ¥
A high efficiency ool
-measure E=E _+ E AT ..
.signature: a peak at Q . R e
: ¥ 0%sensitivit ing time |
TeO, thermal calorimeters 7112 y measuring time [
Active isotope "*°Te detector mass [kg]
anatural abundance: a.i. = 33.9% detector efficiency

atransition energy: Q,,= 2529 keV m
A“short” predicted half life Z (T°1 VZ) o eas

"M, 203eV e B O%10%° years

-Absorber material TeO, isotopic abundance
: atomic number
alow heat capacity

alarge crystals available energy resolution [keV]
aradiopure background [c/keV/y/kg

b




Final Mibeta experiment results

1997-2001
Laborator1 Nazionali del Gran Sasso, Hall A

¥array of 20 TeO, detectors 340 g each
> total mass 6.8 kg of TeO,
¥total statistics 4.3 kgXxy

» b = 0.3 counts/keV/yearsikg @ Q ,,

> ¥ ¥2.1x 107 years at 90% C.L

C. Arnaboldi, et al., Phys. Lett. B557 (2003) 167

(*) spread in "/n " due to uncertainty in nuclear matrix element F,
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The CUORE experiment

Cryogenic Underground Observatory for Rare Events
.array of 1000 TeO- crystals 5x5x5 cm? (790 g)

— granular calorimeter
arg

. -
—
——

« (0 ¥ Cold Dark Matter, Axions se

1 l dilution refrigerator (A

T 7 CUORE detector
v v 25 towers — 40 detectors each
7
/ [ / '\ . .
_ % roman Pb Shleldmg (3 Cm) C. Arnaboldi et al., “CUORE: A Cryogen
I /\ Pb shieldi 20 Underground Observatory for Rare Eveni
T e shielding ( Cm) tn b maihlichad am NIM A« han ov/N7 1905



CUORE 1%%-( ¥expected sensitivity
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¥CUORE ¥E-(Q ¥gensitivity will depend strongly

on the background level

90% CL

¥or b= 1 count/ton/year/keV
and ¥ =5keV
in 5 years 10" |

> ¥ 0% 958x10°° yearsat 1 ¥

> 'm!"!19 + 46 meV

s spread in "/ " tomes from nucle
matrix element F uncertainty

"My TeV]

1072 ;

1073 ! T —— 4 % we
1072 10-2 107!
lightest neutrino mass in eV
F.Feruglio et al., Nucl. Phys. B637 (2002) 345; hep-ph/0201291

C. Arnaboldi et al., “Physics Potential and Prospects
for the Cuoricino and CUORE experiments”,
to be published on Astroparticle Physics



The Cuoricino experiment

1 CUORE tower 8Cuoricino experiment

= test for large mass TeO, detectors
= test for the tower-like structure of CUORE sub-elements

= test for surface cleaning techniques
sindependent experiment: it will give important results on

» 130Te Neutrinoless Double Beta Decay

> V\l"\ﬂD Narls ANattar

Laboratori Nazionali del Gran Sasso, Hall A



Cuoricino fower: 62 TeO, crystals

mixing char
T'= 6 ml

external shields:

110 cm Pb + 10 cm low act Pb
meutron shield: B-polyethylene
mitrogen flushed anti-radon box



Cuoricino mounting

LS  careful cleaning of Cu and TeO, surfaces
rdetector assembling done in cleanest conditions

» clean room
» nitrogen atmosphere to avoid radon contaminat
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Cuoricino detectors

o | |
central crystal has a# active shielding .
background reduction ...

=11 modules with 4 detector:
~44 TeO, crystals
+5x5x5 cm?® = 790 g
>TeO, mass = 34.76

=2 modules with 9 detectors
~18 TeO, crystals
+3x3x6 cm*® = 330 g
>TeO,mass = 5.94 |

=4 crystals are enriched
+2x19TeO, + 2x1*Te

stotal active mass

>TeO, 540.7

kg
>130Te ¥14.1 k¢
N 128
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o due to the failure of some wires during cooldown

few detectors are disconnected
> 330 g crystals: 16 working
3.96 kg of TeO,
> 790 g crystals: 32 working
25.28 kg of TeO,

total working mass

>130Te: 10.4 kg
>128Te: 0.54 kg

790g "E_ . "®T7 keV
330g ! "E_ . =9keV

Cuoricino detectors in present run

energy resolution FWHM

o 17909
'I 2 ] . 330 g
8
4
ol MU EM I | | e e
: 10 .. 20 .,
FWHM [eV]

analysis of 330 g detectors is not yet available
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Cuoricino present status

stop: june 23, 2003 (due to temporary LNGS shutdown)

start: april 19%, 2003
232Th calibration
(only 790 g crystals)
x227.73 h

> "TE"=8 keV @ 2615 keV

background measurement

(only 790 g crystals in anticoincidenc

=891.27 h (=1.2 months)
>57% live time
>b = 0.231£0.04 c/keV/y/kg @



Most recent results from Cuoricino

anticoincidence sum spectrum
(only 790 g crystals)
2.26 kgxy
¥ ¥5x10% years at 90% C.L.
"m,"80.7 +1.7eV

counts

preliminary result'on TLQ 1130Te

Al“---
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Cuoricino and CUORE outlook

¥iower-like arrays of large mass TeO, detectors are feasible

surface cleaning techniques are under control
CUORE R&D will concentrate on further background reduction

¥Cuoricino 1s a scientifically interesting experiment
(2.3 kgxy, =1 month live-ti

Cuoricino started running again on July 7', 2003

>with b = 0.23 counts/keV/years/kg, ¥ = 8 keV
and the full 40.7 kg TeO, mass working (new wires are in preparatio

> ¥ ¥4 x10% years at 90% C.L. in =3 years (=120 kgxy)

> "/n,""50.25 = 0.60 eV



m 0.7 -1.7

dE 8keV

2480-2600

0.23+7- 0.04 c/keV/kg/y anti (Solo 5x5x5)

3 anni
l1e25

m 0.16-0.38



=2 planes with 9 detectors

>18 Teoz crystals =11 planes with 4 detectors

3
vgxg?;% cm® = 330 g >44 TeO, crystals
+5. +5x5x5cm® = 790 g

EEeliigiffary results ors4lie search for

>4 ag eprich >only 32 working

utramoiess.gouble bet? WcHs: of 130Te
with the Cuoricino experiment

F— § §F NEQE B ' E p
Lo, ¥Cu w§ "p --
m!e;i'leO‘5
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Outline

vintroductionto ¥RQ ¥

rthermal detectors applyed to the ¥RQ ¥search

rthe CUORE project

rthe Cuoricino experiment

>

>
>
>
>

detectors
experimental set-up
perfomances
background

new limiton ¥%Q ¥

¥ Status of CUORE project

1conclusions
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