Status of the"COBRASEXPERMERET

. ‘\'ﬁ-«w

K. Zuber, TU Dresden




60 Iusss Contents

DRESDEN

- Introduction
- CPG detectors
- The Gran Sasso set-up

- Plan for a large scale
experiment

- Options (pixel, LSc)
- Summary




(A
) o COBRA - The idea  °RESPEN ™)

DRESDEN V)

Use large amount of
CdZnTe
Semiconductor Detectors

K. Zuber, Phys. Lett. B 519,1 (2001)
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With the known oscillation results everything is fixed

General dependence Current data
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This is the 50 meV option, just add 0‘s to moles and kgs if you want smaller
neutrino masses

Typ=IN2+a*Ny* Mt/ Ny @.n (Background free)

For half-life measurements of 10%%-27 yrs

1 event/yr you need 102%-27 source atoms

This is about 1000 moles of isotope, implying about 100 kg

Now you only can loose: nat. abundance, efficiency, background, ...

K. Zuber
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Final number depends on used nuclear matrix element

bg rate=0.2x10" cts/keV/kgly, FWHM=1.0% | : :
bg rate=0.5x10 cts/keV/kg/y, FWHM=1.0% " ey
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Spectral shapes
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Properties as radiation detector

e Intrinsic II-VI-semiconductor (no doping necessary)

e Wide bandgap £,=1,56 eV -> highly resistive (R,=10!! Qcm)

¢ High mean atomic number and density (Z=50, p=5.8 g/cm?3)

e Electron Mobility:
(uT),=1x10"2 cm?/V

e Hole Mobility:
(uT),=5x10"> cm?/V

e JTonic binding -> susceptible to
lattice distortions

-
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CZT-ingots manufactured by eV Microproducts

e High density of charge traps
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Energy measurement only

1/
JG4Y ",«;///////

Major exp. step: Installation of 64 1cm3 CZT detectors at LNGS

K. Zuber, Erice 2013
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CPG = coplanar grid detectors

Collecting Electrode

Mobility and trapping of charge carriers . o '
quite different s Ty ¥ ‘ ' l
I A0 8 l“
o Lottt . S :
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CPG principle and Ramo weighting potential

Weighting potentials versus depth Signal pulses
CA signal amplitude
()
3 -1
% . 2
.\Bh\\“g pO 0\3“\\9‘\
CAVNEE 00
Gp\i‘le\g _20%‘..|.A‘1.A.|..‘1...|A‘.|,..1‘..1.A
\A vNCA Signal amplitude 00 520 540 560 580 6500 620 640 660
0 :
fro-Heewen-Path-»> o BONUS: can determine
e CA-NCA proportional to interaction depth:

energy (electron signal only) , CA+NCA Distance from anode plane

0 = anode, 1 = cathode

B CA—NCA (monotonic but not linear)

(also energy and depth can be corrected for trapping effects)
M.Fritts et al, NIM A, Volume 708, 21 April 2013, Pages 1-6, http://dx.doi.org/10.1016/j.nima.2013.01.004
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228Th calibration data
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Distortions near walls

 Lateral surface events
identifiable through
pulse-shape analysis

* Fringing effect in weighting
potentials near edges
distort pulses
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Recently upgraded into the
former Heidelberg-Moscow hut

Gran SasSo Whderground Laborator The 64 detector array

4
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First step: Flushing calibration Second step: Scanning

ollimator-channel

e 6cm length
e 500um diameter
e Opening angle <1°

e Special resolution:
<lmm

100MBq 137Cs



UNIVERSITAT Detector tomography
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Pulse shapes recorded, efficiency determination
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First layer installed in November 2011, second layer in March 2012,
3rd layer in June 2013, last one until end of the year, electronics already in
place
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82.3 kg days

10

10?
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Interaction depth (1 = cathode surface)

L I L 1
5000 6000
Energy (keV)

Pulse amplitudes provide both energy and interaction depth

1 I L
4000

L
000

improved event reconstruction:

M. Fritts, J. Durst, T. Gopfert, T.Wester and K. Zuber, Nucl. Instrum. Meth. A 708 (2013), pp.
1-6)
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Counts

Event distribution signal region

Preliminary

Cd116 Region of Interest, 2764-2864 keV

e B ey e M Sy S < e Sy Smme. ISy S

All events

10? _—

Lateral surface events removed

1
Interaction depth

Cathode events and lateral wall events dominate
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DRESDEN Energy spectrum COBRA_0v2p
Experiment

> O P iirirrieeieeisieieeieseeeeieieiieiseeeeiesioiiedeieeieeieceeeeiesiziesieeesieeiseeeeedhoseezeeiiezooes
107§
o i All good events
- 4 |
; 10 l ......................... Cathode surface events removed .....
3 .
i‘ 1 03 _______________________ Cathode and lateral surface events removed |
%
- I
S o2l
2
O - g T e bbbt Lt bbb bbbt bbb bbb
3 107
10 .......................................................................................... . ....................
PY I S .. PP | e RN SN SO S,
1] i il
10 1 | Sy CTTTRS ST T (R CIID ARSI o I IR X1 (1 LS . T il
N T
| 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1

1 1 I 1
6000 7000
Energy (keV)

0 1000 2000 3000 _ 4000 5000

Background reduction through identification of surface events



60 IR After all cuts
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K. Zuber, Erice 2013



60 IR Other things - 113Cd
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i 1/2” 391.7keV
4-fold non-unique beta decay (1/2*—9/2*) . ——
113 < EC
Cd Q=71.7keV
IT
Rate Spectrum Preliminary Q=320keV
Fs00 92" || 0.0keV
> L == preliminary rate spectrum |n1 13
> L == final rate spectrum
> -
3400 —
s T L 113Cd Q-value:
o r +
300 ol
- R 322 4+ 0.3(stat.) £ 0.9(sys.) keV
200 T J. V. Dawson et al., Nucl. Phys. A 818,264 (2009)
: = Fits extremely well to AME 2012
100/ .
: | , | , 1 - Next: Spectral shape
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Microscopic calculation:
Half-life:
M. T. Mustonen, M. Aunola, J. Suhonen , PRC 73,054301
Tij2 = 8.0040.11(stat.) £0.24(sys.) x 10'® years (2006)

' i M. T. Mustonen, J. Suhonen,, PLB 657,38 (2007
48 independent measurements of the half-live! ustonen, .. Suhonen (2007)
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POTe—""Xe" + 2¢™ + y(536keV)
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Searches for excited states, beta+ modes, furthermore useful tool for background
reduction...

K. Zuber, Erice 2013
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Event ID: 169, Run ID: b08e9617 Event ID: 190, Run ID: b08e9617

700 _
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Not used yet

K. Zuber, Erice 2013
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Strongly modular design:
-Basic building block : module 3x3 array of 2x2x1.5 cm3 detector
-1 ladder cointains 8 modules, 1 layer contains 8 ladders, build several layers (towers)

‘

BEEEYESS8
EES)E88
EEE )88 18
; HEE) 888
Toe 2881888
388 ]
EEE 288
EEE)E88
SEIE) ELEL]
Monte Carlo simulations have === ===
shown that never more than e B

10 detectors will fire
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Large scale experiment

T, Sensitivity [10%° y], 90% CL

ASICs and FPGA readout

A total of about 10000
detectors is needed
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K. Zuber, Erice 2013




A REAL large scale experiment

A real time low-energy solar neutrino and Supernova experiment?

Threshold energy: 464 keV

’Be contribution g.s. alone: 227 SNU

K. Zuber, Phys. Lett. B 571,148 (2003)
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Supernova detection

Normalized do /dFEexc

NC interactions:

CC interactions:

v + Mecd — Mocg* + v/,
b+ '°Cd — °Cd* + i,
v+ "Cd — "I 47,

\_)l+ 116(:(:1_> 116Ag+l+
W. Almosly, E. Ydrefors, J. Suhonen, JPG 40,095201 (2013)
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Idea: Massive background reduction by particle identification

Total E=2805

Total E = 2805 : .
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B —12000 '
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K. Zuber, Erice 2013
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256x256 pixels, 55um

...o.‘ .:‘. [ ) '. Pon
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. ..‘OJ. i 0..0

RN

I S SN

1 % {column number) 256

0 50 10 150 200

127.5

According to simulations particle identification due to pixels
should reduce background by 3 orders of magnitude

K. Zuber Erice 2013
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Motherboard .
Delrin support structure

K. Zuber, Erice 2013
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Measurement on Surface
— in nitrogen

——in liquid scintillator
—— in liquid scintillator
with veto

100 4 |
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K. Zuber, Erice 2013
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e COBRA is still a rather new approach to double beta using

room temperature semiconductors aiming to search for DBD of
Cd-116

e After moving to former HdM cabin, currently a major upgrade
is ongoing to 64 detectors installation finished by end of the

year, exploration of larger detectors (20x20x15 instead of
10x10x10) has started

e Default for a large scale setup of about 10000 detectors are

2x2x1.5 cm?3 detectors, more detailed design/simulation
ongoing

e Pixel option very attracting and unique (semiconductor tracker,
solid state TPC), but much more complex.






