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The experimental concept




The COBRA Concept

K. Zuber, Phys. Lett. B 519,1 (2001)

CZT O-neutrinoBeta-decayresearclApparatus

Build up a large array of CdZnTe semiconductor detectors
(9 double beta decay isotopes)




|sotopes

nat. ab. (%) Q (keV) Decay mode

Zn70 0.62 1001
Cdl14 28.7 534
Cdl16 7.5 2809

Tell28 31.7 868
Tel30 33.8 2529
/n64 48.6 1096
Cd106 1.21 2771
Cd108 0.9 231

Tel20 0.1 1722




Advantages

e Source = detector

e Semiconductor (Good energy resolution ~1%)

e Room temperature
e Modular design (Coincidences)
e Several isotopes and decay modes at once

e Industrial development of CdTe detectors
e 116Cd above 2.614 MeV
e Tracking (Solid state TPC)




Experimental Reqguirements
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64,000 1crcrystals = 418 kg
90% enriched iReCd

Backgrounds < 0.001 count kékiglyear!
Energy Resolution < 2%



Energy Resolution

Resolution of0=0.8% at 2.8 MeV

AE =1.9% @ 2.8MeV
=2.9% @ 662keV

1500 2000 2500
Energy keV

Only electron signal read out (CPG technology)
Possible improvements: cooling, new grids v v

Better detectors are available . SB




What has been achieved so far”




Proof of concept
Stage (2004-200¢

4 detector set up in Gran Sasso
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Cd113 half-life (4-fold forbidden decay)

C. Goessling et al.
Phys. Rev C, 72, 064328 (2005)
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Decay Ty o limit (years)
This work | World Best

FII‘St COBRA A5 decays

Double beta results to g.s 3.14x10%° | 1.7 102 [13]
to g.5 0.92:<10 | 1.8:<10%* [14]

to 536 keV 3.73x10' | 9.7x10%2 [15]
to 1204 keV 4.92:10" | 201072 [13]
to 1757 keV 0.13x10" |1.4x10%* [13]
10 g.8 2.24:10'7 | 9.0 107 [16]

to g.8 5.38x 10 | 1.1x10%* [17]

to 2112 keV 1.08 10" | 6.0x10?! [13]
to 2225 keV 0.46 10 |1.010%°1 [18]
gtat d

0v3+EC to gss. 2.4x10'® [16

World best limits on 0vECEC to gf. |1.19x10"7[7.0x10™ [16]

DvFTEC to gk, |1.21x10'7] 2,210 [19]

64zn andlone 0ECEC to g. 26810 i

OvECEC to 1171ke QQ{;:'— fﬁ/
0yt 3t togs.  |4.50x T=10°7 [20]
OvGTEC to gs. | 7.31x10™ [ 3.7:10°° [20]

0vECEC to gs. | 5.70x10'% | 1.5x10'7 [21]
O3t 31 to 512keV | 1.81¢1017 | 1.6 1020 [20]

T. Bloxham et al.
Phys. Rev C, in press

TABLE II: 90% confidence limits obtained for all decays anal-
ysed in this work with conservative systematic uncertainties
applied, compared to the world best limits. New world best
values from this work are shown in bold. TQuoted limit is
68% not 90%%.




Samples measured at LNGS

Activities (mBg/kg)

Main problem is

isotope  detectors | pertinax pertinax gt COPpEr passivation paint

(base plate) { i | {prssivation | used on detectors
“BRa - i 20 15 110 =21
“Th < il 32 15 T30 - 23
“Ra 51 170 G 21040 25
“Th =210 250 <92 1104} < 104}
Edmp, = 1200 480 < LRI 1600 < 47
=8 5 12 2 171 < 1.4
W = 200 330 340 GO0 < 11
"0 <10 ! =2 = 20 = .G
o & 40 G50 11) 15 = 1.9

D1 4-array 191.1 days. Red paint.
D19 41.9 days. Colourless paint.
Sum-spectrum of 16-array 330.4 detector days.
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Test Stage
2006-present)

64 detector set up in Gran Sasso




The first layer

Installed at LNGS in summer 2006




The first layer - some spectra

D3 418.00 hours. D5 416.00 hours.
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The first layer - Coincidences

Colhcidences

Coincidences around Det 9

Example:  Powerful tool!!!
3-coincidence

Just starting to analyse/understand the powensf th




Simulation of energy deposition in a 5 x 5 detealoay
for a 2614 keV gamma starting from in central detec




Spatial Coincidences
116Cd OvBp is single crystal event ~64% of the time

B —yfrom natural background

Beta and gamma generally
In different crystals
Reduce?®2Th chain events from crystals by >5(

106Cd [3* 3* decay

Four 511keV gammas
plus beta

Completely clean signal




Spatial Coincidences

Can also identify decays to excited states
(may give handle on physics mechanism)

116Cd—116Sn (2+, 1294keV)

1511keV - pair

1294keV de-excitation y




Timing Coincidences

The major contribution t6*3U spectrum at
2—-3MeV Is the fasf—a decay:

214g] _, 219, 210Ph

endpoint 3.3MeV, accounts /. 7MeV alpha
for >70% events in 2-3MeV half-life = 164.3us
region from 238U chain

>40% efficiency for taggingtBi events
originating inside the crystals




Observation of 214Bi events
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The next steps




Two main approached to double beta decay

/.

A
Energy resolutlom / Tracklng

Pixellated CdZnTe detectors




Pixel CZT1- A solid state TP

Massive BG reduction by particle ID , 300 pixels (example simulations):

Total E=2805 Total E = 2805

o= 1 pixel, andf33= several connected pixgk some disconnected |
(or different detector

eg. Could achieve nearly 100% Beta with /. 7/MeV a with
identification of?'4Bi events endpoint life-time =
e adet 0= =) 3.3MeV 164.3ps




Rejection power of pixels

All decays

cDI.'.

Simulation for 3mm thick detectc
with 16 x 16 20im pitch pixels

e
i
£
o
=N
tn
q=|
=
3
o

Cah.'l

232Th and438J chains
'
0 2000 4000 6000 8000 10000 . One/two electrons

Energy (keV . .
o ....plus alpha rejection
plus—a time correlation

Suggests a background reduction of 1000!




Tests of 16x16 1.6mm pixel detectors

Detector

ASIC
Readout

Single Pixel >”Co spectrum

Two detectors with 2Q@m pixillation
being produced

Looking at new generation ASICs f NE
readout of these “do 2o 4bc <n o asho -ibo o -idhs




Other current activities




Monte Carlo

Sophisticated MC based

on GEANTA4, written in C++
Signal (DECAYO0) and
background

200 GeV
muon




Shielding and Veto

o...Simulated LNGS neutron flux

« ~3x107 counts/year/kg/keV in the crystals.
« <1 neutron per year! (in 64000 detectors)

|:| Palyethzlene + Bismuth . Vuwon Veto . Lead
|:| Polyethelere + Litbium . “olyethelene D Licuid Sciillator

Chamber




Understand n-capture backgrounc

10000 —

9000 I/ESS‘GKEWMMHD e Thermal neutron
5000 capture ort**Cd
fooo ;

E 651.3keV (114Cd 2+ to 2+ non band)

No. counts

7253keV (114Cd 4+ to 2+)

805.9keV (114Cd)

__——1209.71keV (114Cd 2+ to 0+ G.S. non band)
__———1283.92keV (114Cd 4+ to 0+ G.5.)

27Al captures neutron (28Al beta decays to 1st excited state of 285i)
~4.4 MeV (12C 2+ to 0+ G.S.)
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Digital pulse shape readout

(improved resolution and position from induced sighal

hitsegment

s

adjacent segment

charge pulse

5 10 15 20 25 30 35 40 45 50 55 60



First results from CZT detectors

Histogram
Entries 7000
Mean x 392
Meany 2241
RMS x 156.3

T |RMSy 1693




Materials studies to improve detect




SUMMARY

/e established a potential approach for melibiss
double beta decay offering some advantages

 We have a test setup at Gran Sasso which wilNvalle to
Improve backgrounds and explore the advantage of
concidences

e Starting a major programme to develop pixillate€iiC
detectors which would provide a tracking capabitiaty
give an enormous background reduction

Eventual goal would be a 64,000 detector exper!

And we have dreams
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Solar neutrinoswith COBRA - KING

Signal: Coincidence between two electrons in alsidgtector
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