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Neutrinoless Double Beta Decay.

® O0v-DBD is a fundamental tool to determine neutrino properties

. Dirac or Majorana nature
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Neutrinoless Double Beta Decay.

® O0v-DBD is a fundamental tool to determine neutrino properties
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Neutrinoless Double Beta Decay.

® O0v-DBD is a fundamental tool to determine neutrino properties

. Dirac or Majorana nature A
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Neutrinoless Double Beta Decay.

® O0v-DBD is a fundamental tool to determine neutrino properties
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Sensitivity

® Half-life corresponding to the maximum signal ng that could be hidden by the background

fluctuations at a given statistical C.L.

/2

- ln(2) NA - 1.0

ce-n |M-T

(7o)

M is the total active mass

T is the total live time

b is the background

n is the stoichiometric coefficient of the Ov3 candidate
W is the molecular weight of the active mass

Ov n.

/
/
/

Above expression derived in the Gaussian approximation (not fully
accurate for very-low-background experiments): useful to illustrate
the qualitative relationship between sensitivity and, e.g., resolution.

Assuming OE = AE:

M T
AE -b

1.. - €1

W

T()V X

LNGS Scientific Committee CUORE

W
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Na is the Avogadro constant

a.i. is the isotopic abundance

¢ is the detector efficiency

OE energy range around the Q-value
f(OE) fraction of signal events in dE

¢ ¢

We use the Poisson extension of this expression at the 1o
significance level to calculate sensitivity curves for CUORE-0
and CUORE

[(mag)|?
m2

(T71)) 1 =G"(Q,2) |[M™]
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T'hermal detectors

Heat sink (~10mK) —
[ — %32005 )
D o - AE L
Weak thermal coupling 2 2800 AT(t)y=—e "
S ok C
£ 2600~
NTD Ge thermometer < 2400 Lqu C
- ‘L" -
3 2200 G
C =T -
20001
TeO2 absorber crystal .h | 16000_' - OIS - i — 1|5 - 2I - 2|5 - .;’ - 3|5 - |4
Time [s]
© wide choice of detector materials (TeO2, CaWO4, Ge, Si,
g 100 — 2615keV
Al;03, CaMoO4, BGO, Pb, etc.) T U slkew o
_ C sufficiently low @ Twork l; 80:— N
. E »
© excellent energy resolution (~ 1 %0 FWHM) 2 b 065 + 969 keV/
: N N 583 keV| [ A
— huge number of energy carriers (phonons) N 2057
40
@ detector response independent from type of incident particle : e 2104keV
i i trom 2615 keV single escape
_true calorimeters 20 from 201
@ slowness (in rare event search doesn’t matter) o} BT R T I T
Energy (keV)
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Why thermal detectors for Double Beta decay?
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Why thermal detectors for Double Beta decay?

The advantage of thermal detectors: first choose the isotope than build the detector

—> BTe — TeO:
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Why thermal detectors for Double Beta decay?

The advantage of thermal detectors: first choose the isotope than build the detector

—> BTe — TeO:

® Isotopic abundance: as high as possible

[sotopic Abundances [atomic %]
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*
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20
130Te isotopic abundance: 33.4% "
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Why thermal detectors for Double Beta decay?

The advantage of thermal detectors: first choose the isotope than build the detector

—> BTe — TeO:

® Isotopic abundance: as high as possible

® Q-Value: as high as possible

Q-values [keV]

4000
3500
3000
— Q-value: 2527 keV 2500
2000
1500

1000

*

Ca 76(3e SZSe 962[' IOOMollﬁcd 124Sn IZSTe I30Te I36>(e ISONd
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Why thermal detectors for Double Beta decay?

The advantage of thermal detectors: first choose the isotope than build the detector

—> BTe — TeO:

® Isotopic abundance: as high as possible
® Q-Value: as high as possible

® NME: calculations favorable

" IBM-2

> 4 (R)QRPA (central value ) & UCOM)

w 1 028 — k4 pnQRPA (central value J & UCOM)

E — o ISM (central value | & UCOM)
= —
l[') -

Il ~ %

- n
g f
S
27
“~ 107 A
N — i 3

— n
v -

D a

s

O I

O - u
(o
i

26|
107" | | | 1 | | | 1

l O
48Ca '76(}e SZSe 96Zr IOOMO Il6Cd l24Srl IZSTe I30Te l36XC ISONd

LNGS Scientific Committee CUORE

29-30 October 2013 Carlo Bucci



Why thermal detectors for Double Beta decay?

The advantage of thermal detectors: first choose the isotope than build the detector

—> P0Te —> TeO:

® Isotopic abundance: as high as possible
® Q-Value: as high as possible
® NME: calculations favorable

® Good energy resolution

; —
100 , 2615 keV
jé - 51 1+ke\f" 208T]
ot B e e
: R0 — 911 keV
2 _ 287
Z i
2 ol 965 + 969 keV
_ . ? - 583 keV] |4
< AEFWHM. ~ 1 '2 /00 @ Q'Value : 2087
_ smaller ROI, lower background A0r 1588 + 1593 keV 011 oy
_ easier to identify background sources e hi?::lf,lgle:if\e single escape
20 - o from 2615
keV
00 500 1000 1500 2000 2500 3000

Energy (keV)
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Why thermal detectors for Double Beta decay?

The advantage of thermal detectors: first choose the isotope than build the detector

—> BTe — TeO:

® Isotopic abundance: as high as possible

® Q-Value: as high as possible
® NME: calculations favorable

® Good energy resolution

— AErFwHM: ~ 1-2 %0 @ Q-value

—smaller ROI, lower background

. easier to identify background sources

LNGS Scientific Committee

29-30 October 2013
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The CUORE challenge

® Operate a huge thermal detector array in a extremely low radioactivity and low

vibrations environment

 Closely packed array of 988 TeO: crystals (19 towers of 52 crystals 5x5x5 cm?3, 0.75 kg each)
— Mass of TeO2: 741 kg ( ~206 kg of 130Te )

— Energy resolution: 5 keV @ 2615 keV (FWHM)

. Stringent radiopurity controls on materials and assembly
— Operating temperature: ~ 10 mK

. Background aim: 102 c/keV/kg/years

LNGS Scientific Committee CUORE
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CUORE goal

Exposure [kg vy |
0 200 400 600 800 1000 1200 1400 1600 1800 2000 %
>‘ LI L t L L t L I LI | I LI I LI I LI I LI Il LI | I LI I —
R — 2
§ g 10!
L
N
k=
107
> 10%
%_“.:.
: : : : : : : : : 10-3
-------------------- CUORE w/future R&D - bkg: 0.001 cts/(keV kg y) |
CUORE - bkg: 0.01 cts/(keV kg y)
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 10'4 llllllll lll lllllllll L1 1 1lll
0 1 2 3 4 5 6 7 8 9 10 10—4 10—3 10-2 10-1 1
Live time [y] 1 [eV]

Cuoricino result and CUORE 10 background-fluctuation sensitivity overlaid on plots that show the bands preferred by neutrino
oscillation data (inner region: best-fit data; outer region: at 30). Both normal (red) and inverted (green) hierarchies are shown.

Background AE Ti/

26 1 2 3 94
c/kev/ke/y keV_ | 10%®y | R(QRPA)' | np(QRPA) ISM IBM-2 1 Simkovic et al., PRC 77 (2008) 045503
2 Civit t al., JoP:Conf ies 173 (2009) 012012
0.01 5 16 | 3566 | 4167 | 6582 41 3 Menéndez et al., NPA 818 (2009) 130

4 Barea and lachello, PRC 79 (2009) 044301
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CUORE-0

® 1sttower of CUORE operated in the refurbished old Cuoricino cryostat
® Sensitive OvDBD experiment
® Test of assembly line techniques of CUORE

— high statistics check of the radioactive background reduction

— high statistics check of the improved uniformity of bolometric response

 identify which operations are critical for the success of CUORE

_ reveal flaws and inefficiencies in the assembly procedures

® Validation of cryogenics aspects

® Development and tuning of the CUORE analysis tools %
see Lucia’s talk
on CUORE-0

b_'
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CUORE @ LNGS

® Three story building in Hall A

— Ground floor: pumps, compressors & shielding

_ First floor: clean room (Gluing, Assembly & Cryostat) e

. Second floor: service area, front-end & DAQ

LNGS Scientific Committee CUORE
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Mass: from few kg to almost a ton

® The production of CUORE crystals started at SICCAS Jiading in 2008

o/

A\ 4

/

~ 30 crystals/month
delivery concluded in May 2013

1063 crystals delivered @ LNGS (including CUORE-0)
repolishing of 46 crystals in June 2013 (from CCVR runs and failed gluing)

last shipment in this days (24 defective crystals)
stored in the PSA

LNGS Scientific Committee
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Background: copper cleaning @ LNL

® Almost 2000 copper pieces to be cleaned for the 19 CUORE towers

— the cleaning sequence is composed by pre-cleaning, tumbling, electro-polishing, chemical etching,

plasma cleaning, final packaging

® Completion of production and cleaning of copper parts foreseen for April 2014

LNGS Scientific Committee CUORE
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Background: detector assembly

® assembly line conceived in order to prevent external contamination the environment

_ tested in CUORE-0 and then upgraded in several aspects

Gluing Box Mechanical Box Cabling Box Bonding Box Storage Box

LNGS Scientific Committee CUORE
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Towers assembly line

@ In order to prevent contaminations: B 1L T
T | ®) Tower

— Crystal cutting and lapping in clean room at SICCAS garage

. Packaging and transport under vacuum and N2 atmosphere
— Gluing, Assembly and Bonding in glove box under N2
atmosphere

. Every step done inside clean room

Gluing machine

Wire
bonding

Mechanical
assembly

LNGS Scientific Committee CUORE 14
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Towers Assembly status

® So far
— 597/988 glued crystals (more than 11 towers)

— 9/19 towers mechanically assembled
— /19 towers completed

. two towers not completed due to bonding difficulties
on the NTD gold pads: studies going-on in order to
understand if we can complete them or have to

reprocess them. Outcome/decision shortly

® Reliability improved since CUORE-0
— CUORE-0: 51/52 Ge NTD & 51/52 heaters

— no failure on the 7 completed CUORE towers

® Towers Assembly end by July 2014

_ Is not routine but still on schedule

LNGS Scientific Committee CUORE
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Energy resolution: CCVR

® CUORE Crystals Validation Run: a dedicated cryogenic setup to test crystals extracted by

every production batch.

N
o Ao
E 102
=) 5
o 0) R
Q %\Q
\‘9%
10 5
a I 1

| |
1 1 1 1 I 1 1 1 I 1 1 I 1 1 1 1 I|| 1

500 1000 1500 2000 2500 3000
Energy [keV]

o

® 10 CCVR performed:

— the bulk activity is within the limit specified in the contract with the crystals producer
. improved the Cuoricino bolometric performance: FWHM on the calibration gamma line from
208T| (2615 keV) always consistent with the 5 keV CUORE goal

LNGS Scientific Committee CUORE
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CUORE cryogenic system

Detector
suspension

® Custom, cryogen-free dilution refrigerator (5 mK " 1'¢ Tube

base temperature)

@ Detector suspension independent of refrigerator

apparatus —} |
p—
® Total mass: ~ 20 tons

® Internal Roman lead shield: 6 cm thick

300K plate (OVC)

4K plate
40K plate (IVC)
Roman Pb
shields Mixing
Chamber
Detector

LNGS Scientific Committee CUORE
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Dilution unit

® Custom dilution refrigerator ordered to Leiden Cryogenics

— minimum base temperature reached 5.26 mK

. more than 5 pW of cooling power @ 10 mK

= M Still 0 mW HEX 0 uW
15 M Still 0 MW HEX 62 uW
LISl 0 mW HEX 125 uW
. L] . _IStill 0 mW HEX 187 uW
< @ Still 4 mW HEX 0 uW
§,13 . © Still 4 mW HEX 62 uW
v © Still 4 mW HEX 125 uW
3 B ) Still 4 mW HEX 187 uW
© L g A Still 8 mW HEX 0 uwW
g v o A Still 8 mW HEX 62 uW
€11 n A Still 8 MW HEX 125 uW
k3 - A Still 8 mW HEX 187 uW
— 4
2 J 8 8
£ A
6 9
a0 &
c —
=
s 7 2
”9
5 g T T T T 1
0 2 4 6 8 10
MC Power [uW]
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CUORE cryostat installation
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Cryostat cooldown

® Cryostat tested successfully down to ~3.5K

Model Data vs. Real Data
3 Pulse Tubes, No FCS

Y 3 (of 5) Pulse tubes running

N 250 hrs cooldown 40K Mocel
e S 4K Model

: 40K Real
200 -

— o e 4K Real
150-

100

< ‘40K’ shield @ 35K

50

-
--------------
-—

= r4K vesé"él @ 3.5K "

ime (Hours)
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Cryogenic system phased program of tests

Detector
suspension

® Quite a bit of work in 2014 Pulse Tube .

— Add one by one all the components to debug the system
— from 2nd run on we will add some real TeO2 bolometers in order s
to check in advance vibrations level, detectors base temperature o

and maybe some hints on the background.

4K plate
(IVC)

40K plate

Roman Pb
shields

Mixing
4 ) Chamber
Insertion of few TeO2
detectors Detector

g J
4 RUN 1 ) 4 RUN 2 ) 4 RUN 3 ) 4 RUN 4 )
Cryostat + DU with no + Wiring + internal roman Pb + Top lead +

other load shield + FCS Suspensions +

\ ) \ ) \ ) \Towers support plate )
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External shieldings

® Assembly ongoing
— 18 cm of PE
~ 2 cm of H3BOs3
~ 25cmof Pb
. Steel container for N2 flushing

CUORE 29

LNGS Scientific Committee
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CUORE Schedule

® Next relevant milestones
— January 2014: cryostat and DU integrated, 1st run at base T with no load

— April 2014: copper cleaning completion

— April 2014: 2nd cryostat run with wiring

— July 2014: towers assembly completion

— July 2014: 3rd cryostat run with roman Pb shield and Fast cooling system

— November 2014: 4th cryostat run with Towers support plate and suspensions
. December 2014: electronic installation

. February 2015: detector installation

@® Mainly driven by cryogenic system integration and commissioning

LNGS Scientific Committee CUORE
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Conclusions

LNGS Scientific Committee CUORE

29-30 October 2013 Carlo Bucci



Conclusions

® The CUORE experiment is under construction
 Delivery of TeO2 crystals completed
. Towers assembly line functioning; 7 out of 19 towers built to date
. CUORE cryostat integration and commissioning started
. CUORE-0 tower running in the old Cuoricino cryostat

® CUORE cooldown planned for beginning of 2015
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