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Introduction toIntroduction to -0-0  
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­­22::  (A, Z)  (A, Z+2) + 2e− + 2e
■allowed in Standard Model
■1/2 > 1019 years
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­­00::  (A, Z)  (A, Z+2) + 2e−

■not allowed in Standard Model (L=2)

■expected lifetime:

⇨in some mass schemes 0.01 < in some mass schemes 0.01 < ⏐⏐mm⏐⏐ < 1.0 eV < 1.0 eV

e−
e−

-0-0  ⇔⇔ mm  ≠≠  0 0
  ≡≡  
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Detection PrincipleDetection Principle
■T=E/C 

C thermal capacity
⇨low C

⇨low T (i.e. T≪1K)
⇨dielectrics, superconductors 
■ultimate limit to sensitivity:

statistical fluctuation of internal 
energy U

⏐U 2⏐ = kBT 2C

■example: 760 g of TeO2 @ 10 mK
C ~ T 3 (Debye) ⇒ C ~ 2×10-9 J/K
1 MeV -ray ⇒ T ~ 80 K

⇒ U ~ 10 eV

Thermal Detectors PropertiesThermal Detectors Properties
▲ high energy resolution

▲ large choice of absorber materials
▲ true calorimeters

▼ slow =C/G~1÷103 ms 

Thermal detectorsThermal detectors
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--00  search with TeOsearch with TeO22 calorimeters calorimeters
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TeOTeO22 thermal calorimeters thermal calorimeters
■Active isotope Active isotope 130130TeTe

▲natural abundance: a.i. = 33.9%
▲transition energy: Q


 = 2529 keV

▲“short” predicted half life
⏐m


⏐≈0.3 eV ⇔ 1/2

0≈1025 years
■Absorber material TeOAbsorber material TeO22

▲low heat capacity
▲large crystals available

▲radiopure

1/21/2
00

    sensitivitysensitivity  
detector mass [kg]

measuring time [y]

detector efficiency

background [c/keV/y/kg]

energy resolution [keV]

isotopic abundance
atomic number
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CalorimetersCalorimeters
■source source ⊆⊆ detector detector 

▲large Nnuclei
▲high energy resolution E
▲high efficiency

■measure E = E
1

+ E
2■signaturesignature: a peak at QQ


 

--00

--22



Final Mibeta experiment resultsFinal Mibeta experiment results

Angelo Nucciotti, International Europhysics Conference on High Energy Physics, Aachen, Germany, July 17th - 23rd,  2003 

 array of 20 TeO2 detectors 340 g each
► total mass 6.8 kg of TeO2

 total statistics 4.3 kg×y 
► b ≈ 0.3 counts/keV/years/kg @ Q



► 1/21/2   2.1  2.1 ×× 10 102323 years years at 90% C.L at 90% C.L
► ⏐⏐mm


⏐⏐   1.1  1.1 ÷÷ 2.6 eV 2.6 eV at 90% C.L.(*) at 90% C.L.(*)

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

1997-2001
Laboratori Nazionali del Gran Sasso, Hall A

(*) spread in ⏐m

⏐ due to uncertainty in nuclear matrix element FN



The CUORE experimentThe CUORE experiment
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CCryogenic ryogenic UUnderground nderground OObservatory for bservatory for RRare are EEventsvents
■array of 1000 TeO2 crystals 5×5×5 cm3 (790 g)

⇨ 790 kg790 kg granular calorimeter
■­­00, Cold Dark MatterCold Dark Matter, AxionsAxions searches

Pb shielding (20 cm)

roman Pb shielding (3 cm)

CUORE detector
25 towers – 40 detectors each

C
uoricino

C
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 tower
tower

dilution refrigerator

C. Arnaboldi et al., “CUORE: A Cryogenic 
Underground Observatory for Rare Events”, 
to be published on NIM A; hep-ex/0212053



CUORE CUORE ­­00  expected sensitivityexpected sensitivity
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 CUORECUORE  ­0  sensitivity will depend strongly 
on the background level
for b = 1 count/ton/year/keV 
and E = 5 keV 
in 5 years

► 1/21/2
00    6.86.8××10102626 years  years at 1

►  ⏐⏐mm

⏐ ⏐   19 19 ÷ ÷ 4646 meV meV

▴ spread in ⏐m

⏐ comes from  nuclear

 matrix element FN uncertainty  

CUORE

⏐
m


⏐

 [e
V]

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 experimentThe Cuoricino experiment
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■ test for large masslarge mass TeO2 detectors 

■ test for the towertower-like structure-like structure of CUORE sub-elements

■ test for surface cleaningsurface cleaning techniques 

  independentindependent experiment: it will give important results on experiment: it will give important results on

► 130130Te Neutrinoless Double Beta DecayTe Neutrinoless Double Beta Decay

►  WIMP Dark Matter  WIMP Dark Matter 

1 1 CUORECUORE  tower tower  Cuoricino experiment Cuoricino experiment

Laboratori Nazionali del Gran Sasso, Hall ALaboratori Nazionali del Gran Sasso, Hall A



Cuoricino set-upCuoricino set-up
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roman Pb shielding (1 cm lateral)
external shields:
10 cm Pb + 10 cm low act Pb
neutron shield: B-polyethylene
nitrogen flushed anti-radon box

mixing chamber
T ≈ 6 mK
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Cuoricino mountingCuoricino mounting
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 careful cleaning of Cu and TeOcareful cleaning of Cu and TeO22 surfaces surfaces
 detector detector assembling done in cleanest conditionsassembling done in cleanest conditions
► clean room
► nitrogen atmosphere to avoid radon contaminations



Cuoricino detectorsCuoricino detectors
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■11 modules with 4 detectors11 modules with 4 detectors
▾44 TeO2 crystals
▾5×5×5 cm3 ⇒ 790 g
▷TeOTeO2 2 mass mass ⇒⇒ 34.76 kg 34.76 kg

■2 modules with 9 detectors2 modules with 9 detectors
▾18 TeO2 crystals
▾3×3×6 cm3 ⇒ 330 g
▷TeOTeO2 2 mass mass ⇒⇒ 5.94 kg 5.94 kg

■4 crystals are enriched4 crystals are enriched
▾2×130TeO2 + 2×128TeO2

■total active masstotal active mass
▷TeOTeO2 2  40.7 40.7
kgkg
▷130130TeTe   14.1 kg 14.1 kg
▷128128TeTe   0.54 kg 0.54 kg

central crystal has a 4 active shielding
l i k e  i n  C U O R E  c o n f i g u r a t i o n

 a n t i - c o i n c i d e n c e  f o r  background reduction



Cuoricino detectors in present runCuoricino detectors in present run
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total working masstotal working mass
▷130130Te: 10.4 kgTe: 10.4 kg
▷128128Te: 0.54 kgTe: 0.54 kg

□ due to the failure of some wires during cooldown 
few detectors are disconnected
▷ 330 g crystals: 16 working330 g crystals: 16 working

►  3.96 kg of TeO3.96 kg of TeO22
▷ 790 g crystals: 32 working   790 g crystals: 32 working  

►25.28 kg of TeO25.28 kg of TeO22
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energy resolution FWHM

790 g

3 3 0  g

FWHM [eV]

n u m b e r  o f  d e t e c t o r s

analysis of 330 g detectors is not yet available

790 g 790 g   ⏐⏐EEFWHMFWHM⏐⏐  ≈≈ 7 keV 7 keV
330 g 330 g     ⏐⏐EEFWHMFWHM⏐⏐  ≈≈ 9 keV 9 keV



Cuoricino present statusCuoricino present status
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startstart: april 19th, 2003
stopstop: june 23rd, 2003 (due to temporary LNGS shutdown) 

232232Th calibrationTh calibration
(only 790 g crystals)(only 790 g crystals)

■227.73 h
▷ ⏐E⏐ = 8 keV @ 2615 keV

background measurementbackground measurement
(only 790 g crystals in anticoincidence)(only 790 g crystals in anticoincidence)

■891.27 h (≈1.2 months)
▷57% live time
▷bb = 0.23 = 0.23±±0.04 c/keV/y/kg @ 0.04 c/keV/y/kg @ QQ  



energy [keV]

co
un

ts

anticoincidence sum spectrum 
(only 790 g crystals)

2.26 kg×y
1/2  5 × 1023 years at 90% C.L.

⏐⏐mm

⏐⏐   0.7  0.7 ÷÷ 1.7 eV 1.7 eV

Most recent results from CuoricinoMost recent results from Cuoricino
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preliminary result on -0 130Te
decay



Cuoricino and CUORE outlookCuoricino and CUORE outlook
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 tower-like arrays of large mass TeO2 detectors are feasible
surface cleaning techniques are under control
CUORE R&D will concentrate on further background reduction

 Cuoricino is a scientifically interesting experiment
► ⏐⏐mm


⏐⏐   0.7  0.7 ÷÷ 1.7 eV 1.7 eV at 90% C.L. at 90% C.L.  (2.3 kg×y, ≈1 month live-time)

Cuoricino started running again on July 7th, 2003
▷with b = 0.23 counts/keV/years/kg,  E = 8 keV
and the full 40.7 kg TeO2 mass working (new wires are in preparation) 
►  1/21/2   4  4 ×× 10 102424 years at 90% C.L.  years at 90% C.L. in ≈3 years (≈120 kg×y)  
►  ⏐⏐mm


⏐⏐   0.25  0.25 ÷÷ 0.60 eV 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
1e25
m 0.16-0.38



Preliminary results on the search for Preliminary results on the search for 
neutrinoless double beta decay of neutrinoless double beta decay of 130130Te Te 

with the Cuoricino experimentwith the Cuoricino experiment

    ⇒          -0  e−  e     −  0

 ­2  m

 e  

  

  ⏐m


⏐ 

 m
e  ≠  ×10−5

 e 

76Ge

■11 planes with 4 detectors11 planes with 4 detectors
▷44 TeO2 crystals
▾5×5×5 cm3 ⇒ 790 g
▾34.76
▷only 32 working
►25.28 kg TeO2

■2 planes with 9 detectors2 planes with 9 detectors
▷18 TeO2 crystals
▾3×3×6 cm3 ⇒ 330 g
▾5.94
▷only 16 working
►3.96 kg TeO2
▷4 are enriched4 are enriched
►2×130TeO2 + 2×128TeO2



 introduction to -0  
 thermal detectors applyed to the -0 search
 the CUORE project 
 the Cuoricino experiment
►  detectors
►  experimental set-up
►  perfomances
►  background
►  new limit on -0 

 Status of CUORE project
 conclusions 

OutlineOutline
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