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Bolometric Ovpp Experiments: Past & Future
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Cuoricino: Currently the largest bolometer & most sensitive OvB experiment running
CUORE: Next generation with 741 kg of TeO, (200 kg of '30Te)




Cryogenic Bolometers for Ovpp Experiments
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<« Heat sink

§<—Thermal coupling

Thermometer

N

[ Incident particle
(Energy — AT)
Crystal absorber

© Detector = Source © Multiple material choices
— Maximize source mass — 1TeO,, *8CaF,, °Ge, 1“MoPbO,,
— minimize background 116_CdWO4 ("NdF; 1NdGaO,)
© Energy measured thermally © Requires low temperature
— Measurable temperature change — Low heat capacity necessary for
— Energy fully detected detectable temperature change
© Excellent energy resolution © No event-type dlscrlmmgtl.on.
_ 5keV @ 2.5 MeV — R&D underway (SSB, scintillation)
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CUORE/Cuoricino Bolometer

TeO, Bolometer: Source = Detector

< Heat sink: Cu structure (8 mK)
< Thermal coupling: Teflon (G = 4 pW/mK)
Thermometer: NTD Ge-thermistor (dR/dT = 100 kQ2/uK)

Absorber: TeO, crystal (C =2 nd/K =1 MeV /0.1 mK)

ForE = 1 MeV: Single pulse example
AT = EIC = 0.1 mK T -
Signal size: 1 mV 8
Time constant: é ' \
t=C/IG=05s X K -
s | w1
Energy resolution (FWHM): |
~ 5_1 O kev at 25 Mev 1000 2000 3000 4000
Time (ms)

Neutrino 2006 R.H. Maruyama



Tellurium-130
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High natural isotope abundance of 33.8%: No enrichment

Q = 2530 keV

— Large phase space
— Low background: above most U/Th y’s, between 232Th compton edge
(2360 keV) and full y (2615 keV)

Geo-chemical measurements: T2¥PB, , = (0.7 - 2.7) x 1021 y
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Cuoricino

Total detector mass: 40.7 kg = 11.64 kg 3%Te

11 modules, 4 detector each,
crystal dimension: 5x5x5 cm3
crystal mass: 790 g

44 x 0.79 = 34.76 kg of TeO,

2 modules x 9 crystals each
crystal dimension: 3x3x6 cm3
crystal mass: 330 g

9x2x0.33 =5.94 kg of TeO,
(2 enriched in 128Te @82.3%)
(2 enriched in 3°Te @75%)

Shielding:
« Cu box + Roman Pb inside cryostat
« 20 cm Pb & 10 cm borated polyethylene outside

........







Cuoricino Results
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Total Exposure: 8.38 kg-y of 130Te
BKG: 0.18 + 0.01 cnts/(keV-kg-y)

FWHM at 2615 keV: ~ 8 keV

Ov —-DBD result

T, > 2.410% [y]
@ 90% C.L.

April 2003 - May 2006

203 "Co sum peak

] | ” ovDBD=2530kev

:
E
:
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-
E

2500 2540 25810
Energy [ke¥]

See poster by S. Capelli for more details
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Projected Cuoricino Sensitivity

mAayQO

T,); =In2

mol.mass

N, (det.efficiency)(isotopic.abundance) |(detector.mass)(time)
(bkgd) * (resolution)

Projected sensitivity of Cuoricino (10)

CUORICINé (bkgd = 0.18 cnts/keV*kg*yr) /
: 24

10 <3 yr sensitivity = 6.3 x 10 yrs i
g - [ CUORICINO (bkgd = 0.18 cnts/keV*kg*yr)|
/ 1.4 —
/ L <m_> sensitivity from QRPA Calculations

T,,0v Sensitivity [10** years]
(o)}

<m.> [eV]

1/
A

0 2 4 6
Running Time [years]

60% live time for 3 yrs = 4 x10%* yrs (90% CL)

Running Time [years]

<m> range from various QRPA calculations:
Rodin, Faessler, Simkovic, & Vogel Nucl. Phys. A 766 107 (2006)
Staudt, Kuo & Klapdor-Kleingrothaus, PRC 46 871 (1992)
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CUORE
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Array of 988 TeO, crystals

19 Cuoricino-like towers

13 levels, 4 crystals per tower
5x5x5 cm? (750 g each)

130Te: 33.8% isotope abundance
741 kg TeO, = 200 kg 130Te

Goal
background < 0.01 cnts/keV/kgly
Resolution = 5 keV
5 year sensitivity
F&v>21x10%y
Mg, <~ 19 —-100 meV

- - -
S g

(approved by INFN and the Science Council of Gran Sasso Labofatdry) h
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Gran Sasso National Underground Laboratory

R

Overburden at LNGS: 3200 m.w.e

Two dilution refrigerators:
Hall A: CUORICINO
CUORE: next to Cuoricino
Hall C (R&D final tests for CUORE)

h*\ te for CUORE approved in 'a
Work began to prepare spacew
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CUORE Site in Hall A at LNGS

mAaOCC)

Feb. 2006

CRESST

~ Mar. 2006
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Designing CUORE
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Use knowledge gained from Cuoricino, simulations, and R&D .in HaII C

— Custom designed cryostat
+ Designed to accommodate the required shielding inside
+ Clean materials selected for dewars r \
- Improve reliability for higher live-time {3
— Improved shielding NJ N7
« Specifically designed and optimized with srmulatrons usrng data |nput from Cuoricino and
Hall C tests , / /
+ Improved shielding inside cryostat RO [

+ Use of specially selected clean shielding materrals 'S f/ f/ ) ,
— Radioactive background reduction RN W A ,/ 1/
« Select materials and cleaning procedures using tests in Hall C, HPGe countrng, ICPMS

NAA, etc. J ; 7 /

jv‘

— e.g.Raw Te, NTD Ge Thermistors, copper structure, crystal surfaces / / /
f

« Simulations of possible backgrounds from environment (neutrons etc. W N
+ Proton activation studies indicate crystals must go underground in < 4months* .,

— New detector structure design
+ Improved vibration isolation and detector suspension
« Structure designed to minimize surfaces and vibration modes
+ Uniform and better energy resolution among detectors ""153,
- Ease of assembly : e
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Cuoricino Background in the Ovpf Region

238U/232Th on crystal surface

Partial energy deposition of o

from 238U & 232Th on Cu surface 208T]| (2615 keV) Compton events

from 232Th in cryostat shields
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Background Reduction Studies

o source studies from Cuoricino, series of tests in Hall C, & Monte Carlo

» Cryostat in Hall C has higher y rates than in Cuoricino resulting in higher rates < 2.6 MeV.
Possible to study a backgrounds only.

» Significant reduction shown above 3 MeV

e Tested items: cleaning procedures, mounting schemes, material selections

» Most tests underway to reach goal of < 0.01 c/keV/kg/yr

Expected background from materials near crystals ~ (2 - 4) x 10-2 c/keV/kg/yr

Comparison of Cuoricino and Hall C measurements

Cuoricino
Hall C

counts/keVikgly

Energy [keV].
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CUORE Shielding

J
x)
3 |

BEIEEAN
S R EEEEEEEEY
I ET i i

glﬂﬂlﬂﬂﬂlll!lq
L TR T T R O

AR 2R
ER
ER Bl
AR N
BB mm
EER mR
BEE mm
Bl m=
BB mx
EB mm
1] =.
M ER

I0mmm
aEim

Roman lead (?'°Pb < 4mBqg/kg)
— ~15 cm layer directly above detector

— ~3 cm layer immediately around
detector

Low activity lead

— Two disks above detector, at 50 mK
and 600 mK, both 10 cm thick.

— 16 Bg/kg of 219Pb inner layer (~10cm)

— 150 Bqg/kg outer layer (~10cm)
Borated polyethylene box

— most neutrons eliminated w/ ~10 cm

— hermetically sealed & flushed with N,,
to exclude radon

— Simulation shows no measurable
background contribution in DBD region

Faraday cage
— Important for near-threshold events
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CUORE Sensitivity
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Projected sensitivity of CUORE (10)

<m, > sensitivity from QRPA Calculations

400
— CUORE (bkgd = 0.001 cnts/keV*kg*yr) / @ CUORE bgd = 0.01 cnts/keV*kg*yr
g l— CUORE (bkgd = 0.01 cnts/keV*kg*yr) _— @1 CUORE bgd = 0.001 cnts/keV*kg*yr
v _—
‘i / 300
& 6 5 yr sensitivity = 6.5 x 10% yrs
o ” —
= 3
>
5 ) ~ 200~
g 4 = \
3 v S
=Y //”’:—, 100 — e
= ’ //' 5 yr sensitivity =2.1 x 10° yrs
i 0 2 4 6 8 10 ° ' | ' |
Running Ti 0 2 4 6 8 10
unning Time [years] Running Time [years]
* <m> range from various QRPA calculations:
high: Rodin, Faessler, Simkovic, & Vogel Nucl. Phys. A 766 107 (2006)
low: Staudt, Kuo & Klapdor-Kleingrothaus, PRC 46 871 (1992)
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Beyond CUORE

Possible event discrimination in bolometers

- Scintillating Crystals < See poster by P. Gorla
- Surface Sensitive Bolometers (SSB) « See poster by S. Sangiorgio

A composite bolometer with a thin crystal of TeO2

<7
_/\ ‘ > _/\
Bulk event on SSB thermistor [] ulk event on bulk thermisto
e le
‘\ .I_f —/\
<_

Surface event
Surface event on SSB thermistor on bulk thermistor
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Beyond CUORE
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Surface Sensitive Bolometer Tests with Ge

pulse Amplitude on Ge [mV]
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See poster by S. Sangiorgio for details on surface sensitive bolometers




Conclusion

- Cryogenic bolometers
— good efficiency & high resolution
— low radioactive backgrounds

 Cuoricino:
— running since April 2003
— great prototype and R&D for CUORE
— will continue to set new limits until CUORE starts

- CUORE

— Designed to probe inverse hierarchy
— Technology in place and tested as Cuoricino
— Background reduction well underway
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