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Outline m

= Neutrinoless double beta decay and neutrino properties

= Calorimetric searches with thermal detectors

= Cuoricino search for 3°Te neutrinoless double beta decay

» understanding Cuoricino background

= CUORE
» background reduction assessment: the Three Tower Test (TTT)
» first step towards CUORE: the CUORE-0 experiment
» CUORE sensitivity expectations

» CUORE construction status
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Introduction: double beta decay E

second order nuclear weak decay
of even-even nuclei

in A even multiplets:
48Ca, 75Ge, 1Mo, 116Cd, 13°Te, 136Xe ...

MeV) '*Ba

BB-2v: (A D) — (A Z+2) +2e"+2v, BB-0v: (A 2) - (A Z+2) + 2

® allowed in Standard Model = not allowed in Standard Model
= observed with 7, > 10 years = expected T, > 10% years
e Ve = one controversial claim to be checked
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BB-0v and neutrino properties

B 3 virtual neutrino is exchanged

» neutrino must have mass to allow
helicity non conservation = AH=2

> neutrino must be a Majorana particle to allow
lepton number non conservation =AL=2

Qac

n

BB-0v m, ¢_0

V=Y

A these conditions hold even if other mechanisms
are possible and may dominate

1
light Majorana v mediated gg-Ov decay rate —— = —Fy
T2 e

nuclear structure factor effective neutrino Majorana mass
FNEGOV<Q53'Z)|MOV|2 (m,)= |Zk mv|2|
|

phase space | nuclear matrix element CP phases* | | neutrino mixing matrix
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Experimental approaches for gg-0v

Source < detector (calorimetry) detector
= detector measures sum energy E = E51+ EB2

> BB-0v signature: a peak at transition energy Q,,
0
1

® scintillators, bolometers, semiconductor diodes, b
gas chambers \

large masses L,
high efficiency )
many isotopes possible
® depending on technique e N —
® high energy resolution (bolometers, 1.0F BB-0v | 1
semiconductors) :
e moderate topology recognition (Xe TPC,— 0.8 BB-2v .
semiconductors) 3 065
Source # detector ... g |
(refer to F. Piquemal talk on NEMO-3...) § 0.4 -
B, :
detector p 0.2f ]
0.0 AN Lo Liiiii Lo D |
0 50 1000 1500 2000 2500

electron sum energy [keV]

detector g
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Cryogenic detectors as calorimeters

temperature

electro-thermal
link G

thermometer
AT — AV

particle absorber
E—> AT

AT=E/C

® complete energy thermalization
> calorimetry
" AT=E/C (Cthermal capacity)
»low C
>low T (i.e. T<1K)
> dielectrics, superconductors
= Pros and cons
A high energy resolution

A |arge choice of absorber materials
A true calorimeters

¥ only energy and time informations
¥ slow time response

= 750 g of TeO, @ 10 mK
C ~ T3 (Debye) = C ~ 2x107 J/K
1MeV yray = AT~ 80 uK
G~ 4x10°W/K = t=C/G ~05s
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Experimental sensitivity for g-0v -

Experimental Bg-Ov rate [number of active nuclei N__ = i.a. A(,M /AJ
= with N,, decays observed

_ @&ucle/ eas
St - e

measurmg time [y]]

Experimental sensitivity to t,.»”

= with no decay observed
» N, < (bkg-AE- M-t )* atlo [detector efficiency

St

isotopic abundance
atomic number

[detector mass [kg]]

»for bkg =0 = N, < 3 atlo

[energy resolution [keV]]
[specific background [c/keV/kg/y]]

2. (T
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The CUORICINO experiment

TeO, thermal calorimeters

= Active isotope 3°Te
A natural abundance: a.i. = 33.8%
A transition energy: Q,, = 2527.52 keV

A short expected half life
(m,)~50 meV < 1 "~1+6Xx10%*y

= Absorber material TeO2

A low heat capacity
A large crystals available
A radiopure

CUORICINO experiment @ LNGS
m 62 TeO, detectors in the tower-like

structure foreseen for CUORE
® 11 modules: 4 x 790 g crystals
® 2 modules: 9 x 330 g crystals
= total mass 41 kg (~11 kg 3°Te)
» intermediate size BB experiment
> test for radioactivity
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CUORICINO site at LNGS

."’"’ FAEL \
*  underground in Gran Sasso National Laboratory (ltaly) “\\\

under 1400 m of rock (~3600 m water equivalent)

Faraday cage

radon box
neutron shield )
external lead shield
system
CUORICINO tower
/Rmmn lead shield
cryostat
He liquefier
O O ©O
o o o
° ¢ ~7
vacuum pumps \ p
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The CUORICINO set-up -

;hlj[ "

l) \

g mixing chamber

> T'~ 6 mK

O

& -

()}

|_

N &

O o

O o

2 >

e

©

=

)

O | 0 mll‘s,;
roman Pb shielding (1 cm lateral)
external shields:
¢ 10cm Pb + 10 cm low act Pb

—— ¢ neutron shield: B-polyethylene
¢ nitrogen flushed anti-radon box
Y
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CUORICINO final results

® run from April 2003 to June 2008 (RUN Il 05/2004-06/2008: duty cycle ~45%)
® total exposure 19.75 kg (*3°Te) x years
= energy resolution FWHM AE = 8 keV at Q,, (o:=1.3%.)

® anti-coincidence applied to reduce surface U/Th background and external ys
= background mainly from U/Th on Cu and TeO, surfaces (x and p)

> b~0.169 c/keV/kgly at Q,,

anti-coincidence sum spectrum
19.75 kg (33°Te) X vy

50

ll 4 Barea and lachello, PRC 79 (2009) 044301
15

——

{;

——

——

10

._
—

5

> S0F
1] -
x a5k T., = 2.8X10% years at 90% C.L.
@ F%Coyy sum vz
E 4{]:— <m)/> < 03 — 07 EV .
a =
35 Q'g
- B * Nuclear Matrix Elements from
30 2527.52 keV 1 Simkovic et al., PRC 77 (2008) 045503
C 2 Civitarese et al., JoP:Conference series
25F 173 (2009) 012012
20 ;: ] l 3 Menéndez et al., NPA 818 (2009) 139

[ ——-—

L L 1 L 1 1L 1 L 1 L L l. 1 il 1
2480 2500 2520 2540 2560 2580
Energy [keV]
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How to improve CUORICINO sensitivity on BB-0v

e Rac o Isotope and material composition

e Reraz 3 Detector design and optimization
System design and optimization

isotopic abundance detector mass [kg] Svstem reliabilit
SYystem reliadility

measuring time [y] Dutv cvcle
Isotopic enrichment Mt
Z( OV)OCi.a.\/ meas

12 AE-bkg

System stability
Vibration control energy resolution [keV] specific background [c/keV/kg/y]

New crystal material

Material selection

2
2 _ 1 , m, Surface cleanin
(m,)" = =urldce ceaning
v F Ov Passive shielding
N T1p2

Detector segmentation

Active rejection
nuclear matrix element Higher Q (above 2.615 keV)
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CUORE -

CUORE: Cryogenic Underground Observatory for Rare Events
m improve x10 the Cuoricino sensitivity on (m,_)

m j.e. improve x100 the Cuoricino sensitivity on t,,
» increase total detector mass M x 18

» increase measuringtime t___ X5

meas
= improve duty cycle
» reduce background bkg 100
= improve shielding and material selection
= better surface cleaning
= improve detector design
= use coincidence cuts

e S
~ CUORE detector
19 towers — 52 detectors each
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CUORE site at LNGS

Cuoricino
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CUORE sensitivity potential

v oscill. + 8+ Ov26 claim + CMB

esensitivity depends strongly 1

no NME correlation analysis

Cuoricino 90% CL|

on background level

eNME uncertainties broaden
the sensitivity expectations *

Ov2p claim

‘»

CUORE 10 sensitivity in 5years o |
bkg AE 1, (m) D
[c/keV/kgly] [keV] [y] [meV]
0.01 5 2.1x10% 35+ 82
0.001 5 6.5x10% 20 = 47
-2
10
Nuclear Matrix Elements from
1 Simkovic et al., PRC 77 (2008) 045503
2 Civitarese et al., JoP:Conference series
173 (2009) 012012
3 Menéndez et al., NPA 818 (2009) 139
4 Barea and lachello, PRC 79 (2009) 044301
-3
10

156%5%% 00
55 0 b9%%s 00
0‘ .,., , 00000 “
o‘o S90S . S5 » 00’0’0‘?0’)}0’0’0

?/‘3

Q \

0 00 00 0’

0 0
S } } 555
/ )9 //

N.H.

95 % C.L. (1 d.o.f)
G.L Fogli et al. Phys. Rev. D 75, 053001 (2007)

* NME uncertainties can be reduced by
observing BB-0v in many different isotopes
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Understandmg C UORICINO background

100¢

il 550 | bkg sources

f ﬁJUf : vs from external Th | 30%
U/Th on Cu/TeQ, surfaces 70%

counts/y/keV/kg

0'1 | total spectrum
0 01 single hit spectrum (BB)
T double hit spectrum
0 1000 2000 3000 4000 5000 6000 7000
energy [keV]

recoiling daughter nucleus; E,ccoi

iscarded by coincidence cut
peak with tail at E,
broad distribution up to E,
4 broad distribution up to E ecoil

5 broad peak around E,q;
EI‘ECO” ~ 002 Ecx ~ 100 keV

% parent nucleus
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o radioactivity: copper surface cleaning

B detector design minimizes the amount RelENIleNo]eTe=\s [FI(=R (eI @ &Le]s]s1I1
of copper between crystals pieces facing the detectors (TECM)
B copper machining by EDM = jumbling

m advanced surface cleaning @ Legnaro [ lﬁeC:T:(i)Ccal]emlcal

B detector assembly in clean-room and | agnetron| sputtering
anti-radon box = U/S cleaning between each step
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Surface cleaning procedure validation -

Three Tower Test (TTT)

» bolometric test to compare and
validate the cleaning procedures

y background at Q,,
TTT ~ Cuoricino

o background (3-4 MeV) | gﬁ
Cuoricino 0.122+0.001 c/keV/kgly
1T 0.048+0.007 c/keV/kgly
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CUORE background expectations m

from tests (Hall C and TTT) on crystals and copper surfaces cleaning
» reduction of crystal surface contamination of a factor ~5
» reduction of continuum background in 3-4 MeV region of a factor ~2

= from strict material selection

= from improved detector geometry (— better coincidence cuts)

= from improved lead passive shielding against environmental ys

presently MC projected bkg [10° c/kg/kev/y]:

20+ 40 from copper surface ()
<3 from crystal surface («, B, y)
<2 from detector bulk contaminations (y, B)
< 10 from experimental set-up (y)
< 0.5 from environment (y, n, u)
within a factor 2+4 from the

CUORE target background < 0.01 c/kg/kev/y

= more work is in progress to further improve the CUORE expected background
» control of crystal surface and bulk contamination

» improve copper surface cleaning
A. Nucciotti, ICHEP2010, July 22-28 2010, Paris, France 19



CUORE-0

= CUORE-0 will be the first CUORE tower
» it will be operated in the CUORICINO experimental set-up

» assembly procedure test
» cleaning procedure and radioactivity achievement test
» sensitivity will soon overtake CUORICINO

52 TeO, crystals

1Lk 750 g each
JEE / 5x10% B%Te nuclei

MC extrapolated background at Q,,

y (Hall A set-up)  0.048+0.005 c/keV/kgly
surface (from TTT) 0.048+0.009 c/keV/kgly
total bkg <0.12 c/keV/kgly at 20
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CUORE-0 sensitivity potential -

statistical sensitivity at 90% C.L.

(m,)oc\1/TY,

CUORE-0
bkg = 0.12 c/keV/kgly
M = 39 kg

10 AE =5 keV
SO Cuoricino 90% CL limit
T; \\
E .. ¥ S S S N N [ N N N N O N N
V
0'10 0.5 1 1.5 2 2.5 3

measuring time [y]
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TeO, crystal production / 1 -
SICCAS (Shangai, China)
® CUORE dedicated crystal growth facility

® CUORE dedicate Clean Room for
> cutting, grinding, shaping, orienting, lapping
» final surface processing and packaging

1) Kushan Jincheng Chemical Reagent Co. Ltd
high purity grade TeO2 powder production unit

—
i
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TeO, crystal production /2

30“ T T T T T T T T T T T T T T T T T T T T T T
700 | ——production ﬁ__e_..-o i
=== production plan - e
- 600 o4 - -
@ otal produced - -
Q 500 crystals =< .
Z 500 == total produced (plan)  ___ e e el i
E 00 | —&—total delivered 0__&"@-‘0_.@"@ |
S -o— delivery plan oo
T 300 .
=
200 | i
100 | s
0 . - Pl oo e Lo ek
hh @ & oo & & ;SS9 o2 09 o9 o o
o o 9 9@ o @ 9@ 9@ 9o @ © 9@ ™ = T T T T T T T T = =
o O Q9 o0 9 9 9O 9o @ 9o 9 9 9o @ 9 9o 9 o9 o @ o o 0
L I I T I B B Y Y I B B Y O I I B B B O I T B O Y Titr .
E 4= =23 9d¥ T Jdds=sDESDaE 5 d
o ~ oW = o @ m o W - =] @
SLEEICE3°53 002050 =C=25530002a

555555

m delivery to LNGS by ship to reduce
cosmic ray exposure (~ 45 days trip)
m 441 crystals already arrived
and safely stored @ LNGS (06/2010)
m delivered crystal are randomly tested
at low temperature for purity and
bolometric performances
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CUORE cryostat e

=cryogen free
=hase temperature < 10mK
= low radioactivity

« only selected pure copper

« other selected materials only in
small amounts (SS, TiAlSn...)

= heavy load support ACCE
e detector total mass ~1 ton NQ
* lead shielding total mass ~10 ton

=" |ow mechanical vibration
e independent detector suspension

= dimensions
e external: © <1687, h<3100
e exp. space: @ >900, h> 1385

» under construction
» commissioning 2011

v
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CUORE cryostat/2
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CUORE Dilution Unit

A\
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i
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1t

| L

ke ¢ 14
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CUORE Hut: external shielding and clean room -

n 2" Level

« Top flange access
« Suspension access
e DU Gas Handling

e Electronics & DAQ

= 15 Level

« Cryostat access
« Clean room

20 tons external lead = ground floor
shielding * services (pumps,...)
« shields and screens storage
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CUORE Hut

A
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CUORE schedule

2008-2009:
Hut construction
Crystals production
WIES
2010-2011:
Clean room
External Shielding
Cryogenics
CUORE-0

Toasprenr |09
(fu ‘\,,EJQL

Internal Shielding

e — Faraday Cage
SHE =] fur Detector assembly
pIEHE) TRBLE 2 T?ﬂm | Front-end & DAQ
ovevew -
(MoTIoN owj
Bl Data taking
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Conclusions

® Cryogenic detectors represent a well established technique, very
competitive for neutrinoless double beta decay search

= CUORICINO demonstrated the feasibility of CUORE, a next generation
calorimeter with high energy resolution and improved background

B CUORE is presently being built at LNGS

» it will explore the inverse hierarchy mass region

" CUORE-0 will startin 2011
» it will improve CUORICINO limit

» it will give important information on the achieved background reduction

= CUORE is planned to start data taking in 2013
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Backups... -

A. Nucciotti, ICHEP2010, July 22-28 2010, Paris, France 31



Cooling down: 300K - 4K

®m 40K shield cooled by the 5 PT415
IVC cooled by forced helium flow and the 5 PT415

|
® helium cooled by up to 3 GM AL600 (600W@77K)
® helium circulated by 2 roots

L
l d ! ! . P
S —
S~ ' : >
P T LS
— =
¥ =z
ey =
£ S
T : >
a I
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mailto:600W@77K

Cooling down: 300K - 4K

— 3 x AL600 + 5 x PT415 - Full IVC mass
— 1 x AL600 + 5 x PT415 - Full IVC mass
— 5 x PT415 - Full IVC mass

---- 5x PT415 - only Copper
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Cryogenics: detector calibration system

Individual energy calibration of all 988 bolometers

motion system: insertion/extraction

— .
of sources in and out of cryostat

300K 22Th source strings:
—— 1] 1 1
C 20 /l ; - _~fove under own weight
. S | source locations
L T T ]
Pb shigld
=

guide tubes: no straight
4T vertical access

121S0AJD 3U3 JO UOIII3S SSOUID |BDILBA

T = 911kev  Sum calibration spectrum of
o 9000 2287\ C . . 232 P615keV
g = 583keV uoricino with 232Th source [ sty
> 4000->11keV ~ ey 969keV
— = 228AC 2103keV
— S 3000/ 1592keV Si0n3 |§
// 2 = Ve double 9le  oectel
/ 3 2000 — esca pe es ape
Q = BROV
2 1000 ./ \
OB LT et I - N
500 1000 1500 2000 2500 3000

enerav [keV1
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The main issue: background / 1 -

 Cuoricino background spectrum
* y background from external sources (**Th)

bin = 10, coutns/keY/norm
Ch 1/Q_ino/Q_spe/runl+run2/se F1-15.pot2 B
Ch 1/Q_ino/Q_spe/runi+run2/secalibr_F11-14.pot2 B

3

J [ TTT00 1
r
i
i
-
[ 4
=
L
|

m
-
o

—

continuum above 2615 keV

cugnsfkewnur

2
S +_ | IIIIIII| | IIIIIII| | IIIIII[I_l_

— 23Th calibration

ﬂ 2400 2600 2300 3000 3200 3400 3600 3800 4000 4200 4400
enerqy [keV]

—
o
|'.'.:

no y peak identified above **Tl line at 2615 keV
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The main issue: background /2
CUORICINO background MC reconstruction --------

pB-Ov bkg source at Q,,
- BJDH T~ vs from external Th
ol U/Th on TeO, surface
10

J -’1" U/Th on Cu surface  50%

2000 2200 | 2400 2600 2800 3000

energy [keV]
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NME correlation analysis

Exp. limits, 90 % C.L.

Klapdor et al. (+NME), 90 % C.L.

e e e T
IGEX
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-3 T | T
NEMO-3 S ... .
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7L | R |
Solotvina g -

Geochem.

L T

: : ' : 13
| A :
CUORICINO | Sasi i i SOy (| T

DAMA

T T

B CUORE | Xe

10%° 10%* 10 10%° 10

A. Faessler et al.: arXiv 0810.5733
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