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Broad-Energy Germanium detector

BEGe detector: (GERDA Phase 2)

semi-coaxial
Ge detector: | PYPEGe | n*electrode — A
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v\ \
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small read-out electrode = low capacitance = low noise

BEGe: lower energy threshold (3 keV) and better energy resolution
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Multi-site event discrimination by
pulse-shape analysis
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Pulse shape discrimination
with unsegmented detectors

Benefits of BEGe detectors:
» simple, robust & powerful MSE discrimination using a single read-out

» reduced amount of contacts, cabling & front-end electronics
— avoids additional background sources
= reduced complexity of electronic chain

> p-type detector with thick surface dead-layer (0.4 mm — 1 mm)
— more robust for naked-detector handling
= improved protection against surface beta-induced backgrounds

» low energy threshold, superior energy resolution

» commercially produced
= high manufacturer expertise
= cheaper than custom-designed detectors

Drawbacks:
> difficult to achieve detector mass >1 kg (0.9 kg demonstrated)
» PSD based on signal time-structure = only 1D hit-separation sensitivity
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Pulse shape discrimination with BEGe detectors
1. how does it work?

why does it work?

how well does it work?

will it work for Ovp?

does it work in GERDA?

how robust is it?
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Pulse shape discrimination with BEGe detectors
1. how does it work?

2. wny coes it work?

3. now well cloes It worli?
4, will it work for OvBB?

5. cdoesitworlk in GERDA?Y
6. how rooust s It?
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BEGe PSD: How does it work

single-site event (SSE) multi-site event (MSE)
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BEGe PSD: How does it work

228Th measurement:

z 103_ _
£ 10% ¢ i
S 10! |
0
o "%
s 6 8
=
2 E I | I | | | — 100

1400 1600 1800 2000 2200 2400 2600
energy [keV]

M. Heisel, Dissertation, University of Heidelberg (2011)
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Pulse shape discrimination with BEGe detectors
1. how coes i worr?
2. why does it work?
3. now well cdoes it work?

4, will it work for OvBB?
5. cdoesiiwork in GERDA?
0. nNow rooustis 1t?
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BEGe PSD: Why does it work
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» signal shape independent of interaction position
= ~95% volumetric efficiency of A/E position independence
» peak in current signhal is narrow
= hit separation sensitivity: <10 ns = <1.2 mm (1D) *
» current amplitude can be measured accurately
= ~0.6% A/E resolution = ~15 keV secondary hit sensitivity @ 2MeV

Dusan Budjas * using 12-10¢ cm/s hole drift velocity [Bruyneel et al., NIM A 569 (2006) 764]
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Pulse shape discrimination with BEGe detectors
1. how coes i worr?

2. wny coes it work?
3. how well does it work?

4. will it wori for OvBp?
cloes It wori in GERDA?

1

Nnow rooust Is Jt7?
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BEGe detector in LArGe
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Pulse shape discrimination with BEGe detectors

now coeas it work?

!_-_‘

2. wny coes it work?

3. now well cloes It worlk?
4. will it work for OVBB?

5. does it work in GERDA?
6. Now rogust s t7?
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PSD validation via coincident single-Compton scattering
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Spatial dependence of PSD: Experiment

Collimated beam measurements to study spatial dependence of PSD
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» peculiar pulses identified, occurring in ~3% of total detector volume
> N 97% of the volume PSD is uniform

Dusan Budjds D. Budjas et al., JINST 4:P10007,2009 16



Spatial dependence of PSD: Simulation
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A/E vs. interaction position for SSE:
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Simulation: Validation
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counts

counts

counts
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Simulation: Predictions
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Pulse shape discrimination with BEGe detectors
1. how coes i worr?
2. wny coes it work?

3. nhow well cloes it work?

4, will Tt wori for OvBB?

5. does it work in GERDA?

0. nNow rooustis 1t?
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BEGe in GERDA

Preliminary analysis: shaping not optimised yet
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Pulse shape discrimination with BEGe detectors
1. how coes i worr?
2. wny coes it work?

3. now well cloas 1t worlk?

4, will it wor for Oypp?
5. cdoes it work in GERDA?
6. how robust Is 1t?

Dusan Budjas



BEGe PSD stability in LAr

DEP acceptance fixed at 90%
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BEGe PSD Iin dependence on front-end bandwidth

» using recorded experimental pulse-data

» FE bandwidth restriction simulated by applying various off-line filters
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» PSD on filtered pulses (DEP acceptance always fixed at 90%):
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GERDA Phase Il BEGe large-scale production test

> Ge material (21.5 kg) with the same chemical history as GERDA e"Ge
used to perform a production test of GERDA Phase || BEGe detectors

» Four Ge crystals pulled (17.7 kg total mass)

» Five BEGe detectors manufactured, two in production, four tested

Det. Diam. x length | Mass Dead FWHM @ 2.6 MeV peak
[Mm x mm] [g] |layer[mm] | 1.3 MeV [keV] | PSD acc. [%]
Ref. 81 x 32 878 0.43 1.63 /.7 +0.4
1 /4 x 33 760 0.7 1.61 6.1 £0.5
2 74 x 32 700 0.45 1.66 6.4+£0.5
3 75 x 31 /730 0.5 1.6 7.4+0.6
4 /4 x 4] 230 0.4 1.7 5.7 £0.5

25
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summary

Unsegmented BEGe detectors will provide excellent
background rejection power for GERDA Phase |I.

Confidence in BEGe PSD fully based on:

1. extensive experimental validation:

works well on 7 BEGe detectors available to GERDA
Is stable in long-term operation in LAr

works In un-optimal noise environment of GERDA

V V VYV V

works with preamp rise-times up to 150 ns

2. deep understanding of the detector signals
> spatial and energy dependence of PSD

Dusan Budjds 26



Back-up
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Duscin suclics
GERDA (GERmanium Detector Array)

Search for OvpBp decay with HPGe detectors:

* 86% enrichment in °Ge (source = detector)
 HPGe is extremely pure (low background)

* very good energy resolution (~3 keV at Qg)
» existing technology, substantial expertise
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Dusain Bucljcis

GERDA design

Under construction at
Gran Sasso Underground
Lab, Italy (3800 m w.e.)

Ge detector array

Design focused on background reduction:
 bare HPGe detectors submersed in ultra-pure LAr

e detector anticoincidence, passive shielding and u-veto

Phase II: further active background suppression necessary

29



Duscin suclics

Ovpp decay backgrounds

Most important backgrounds:

external: 2Th and 42¢Ra in materials around the detectors

intrinsic: ©°Co and %Ge cosmogenically produced in detectors
= y-ray emitters

Distinguishing single-site events (SSE)
and multi-site events (MSE) required for
Bf (MSE) background suppression.

(SSE) —~ = detector segmentation
= signal time-structure analysis

external y\
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Duscin s8ucljcs

Coax Vs. ppc pulse-shapes
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http://arxiv.org/abs/nucl-ex/0701012v1
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Weighing potential
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Hit separation resolution
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BEGe Pulse Shape Discrimination method
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PSD calibration
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Energy dependance of A/E — likely an electronic effect
(observed with a pulser)
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1st time bare BEGe detector in LAr

Counts
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Melriz Barncaos rlzicler

BEGe in LAr: long term test 2. 2010
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BEGe

Background spectrum
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Background spectrum

= GTF rates:
E- 1525 keV line: 0.5 cts/(kg.day)
3= 1.54 - 3 MeV: 0.2 cts/(kg.day)
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A/E, corrected for SSE-band slope
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Results: Stability

» measurement ongoing at LNGS underground in Ge-spectrometry lab
since the beginning of May

> preliminary analysis:
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