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Cadmium-Telluride O-neutrino
double-Beta Research Apparatus

A large array of CdZnTe (CZT)
Semiconductor Detectors

1cm3 CdZnTe Crystal

K. Zuber, Phys. Lett. B ,(1)
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Advantages

e Semiconductor (Good energy resolution,
clean)

e Source = Detector

e Room temperature operation

e Modular Design (coincidences)

Two isotopes at once

Industrial development of CZT

118Cd above 2.614 MeV

Possibility of Tracking (solid-state TPC)




Backgrounds

High energy Gammas
Muons

Alphas and Betas
Cosmogenics
Neutrons

2vBP




The 64 detector array

Scalable modular design, fine granularity to explore coincidences

Currently only 1 layer installed

* 0.4 kg CdZnTe
 Nitrogen flushing

Physics
 Access to 2v2EC
* Precision measurement

of 113Cd
 New limits




The first layer

Installed at LNGS about three months ago



1. Upper limits on activity of 214Bi in crystal
material: 5 events in 81.7 days giving

activity of < 0.26m B(]kgl (better than <51mBq.kg
obtained from LNGS counting facility)

2. Relax alpha energy cut (320 — 8000keV)
to give greater sensitivity to events from
/ //// n _passivation coating. See 108 event-pairs
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New Passivation
Coating
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Improved Background
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The 64k Array Feasibility Study

Extensive GEANT 4 simulations to specify

 Acceptable contamination levels

iIncluding cosmogenics

Material

Mass (ke)

Backeround Contributions

dsn le 7.92 natural radioactivity
CdZn'T 417.92 | radioactivit
volume ZIR|], 2T, 0 8T (g 0Py
dZnTe 7.92 cosmogenic backerounds
CdZn'T 417.92 o backg |
volume 124G, 126G, H0m Ao 88y S56(G 58(,
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Backeround Contributions
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Shielding and Veto

o Simulated LNGS neutron flux
e ~3x107 counts/year/kg/keV in the crystals.
e <1 neutron per year! (in 64000 detectors)

1 20 12 18 3 13 20 1 a0
s w e o O - B | P -
(All distances are inem)
D Polyethelene + Bismuth . Mucn Velo . Lead ﬁ
D Palyethelens + Lithium . Polyethelens D Liquid Scinillator detectors

[:I Chamber . lran
Mass = 64964 kg

D. Stewart et al., submitted to Nucl. Inst. Meth.



Sensitivity

T, Sensitivity (years)

500 x10%*
E 64,000 detectors, 90% ''°Cd entichment
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The solid state TPC

Energy resolution Trackin

 Massive background
reduction

 Positive signal
Information

Pixellated CdZnTe detectors



Pixellisation - |

« Massive BG reduction by particle ID , 200um pixels (example
simulations):.
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« eg. Could achieve nearly 100% identification of 214Bi events (?**Bi —
214PO - 210Pb) 2




Pixellisation - Il
Tests of 16x16 1.6mm pixel detectors
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Summary

COBRA plans to use a large amount of CdZnTe
semiconductors for double beta searches

Collaboration of about 25 people established

Currently preparing a 64 detector array (about 0.5
kg), Installation at LNGS started spring 2006

Design changed to allow easy upgrade to larger
scales

Exploring pixellated detectors for background
reduction.









Published Results

e Existing limits from CZT under rough
background conditions (532qgd):

Kiel et al, Nuclear Physics A 723 499 (2003) [nucl-ex/0301007]
Ovpp %4Zn T,,,>1.3*10%%y
Ovp+EC °0Te T,,>2.2*10%%y
2vECEC 129Te T,,,>9.4*10%°y

2vECEC limits for 196Cd, 198Cd, ®4Zn |
Muenstermann & Zuber [nucl-ex/0204006] £

t‘%.
2nd forbidden EC of 123Te T,,,> 3.2* 1gl6y o
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Y Mpay, Half Life T, (vears)
| sotope COBR/ ‘"7/ CZT 2003* World Best
OZn |>2.8.107 [>1.3.10% >0.7.10%
128Te [(>4.6.10° |>88.10% >1.1.10%
10Te (>81.10° [>33.10V >1.8.10%
14Cd |>4.8.10° |>6.4.10 >25.10%
116Cd (>1.0.10"° |>8.0.10% >1.7.10%

*Kiel et al, Nuclear Physics A 723 499 (2003) [nucl-ex/0301007]
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| sotope COBRA |CZT 2003* World Best
106Cd Ovp*p* |>7.0.10Y7 [>15.107 |>2.2.10%

106Cd OvB*EC |>1.6.108 [>38.107 |>3.7.10%
120TeQvB*EC  |>9.3.10 (>22.10% |>2.2. 10"
4ZnOvB*EC  |>2.6.107 [>28.10% |>2.3. 108 (68%)

*Kiel et al, Nuclear Physics A 723 499 (2003) [nucl-ex/0301007]




Natural Thorium Spectrum

Th spectrum, Resolution ~2.4% at 2614.5keV
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