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BEGe publicationBEGe publication
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� submitted to JINST

� accepted for publication after 
some minor corrections

� ArXiv: 0909.4044 [nucl-ex]

� Contents:
• charge collection 

performance and stability

• PSD method and its calibration

• validation via coincident SCS 
and collimated 2.6 MeV beam

• experimental PSD results

� also: proceedings from CIPANP 
2009 (4 pages, submitted to AIP)

� previously: IEEE 2008 proceedings 
arXiv: 0812.1735v1[nucl-ex]
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BEGe pulse shape discrimination methodBEGe pulse shape discrimination method

BEGe (hypothetical)
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BEGe pulse shape discrimination methodBEGe pulse shape discrimination method

BEGe (hypothetical)
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BEGe pulse shape discrimination methodBEGe pulse shape discrimination method

BEGe (hypothetical)
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PSD parameter distributionPSD parameter distribution
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PSD calibrationPSD calibration

Compton 1425 ± 25 keV

Compton 2245 ± 25 keV
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PSD calibrationPSD calibration
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PSD calibrationPSD calibration

Assuming gaussian distribution (resolution dominated by noise):
2 σ ⇒ 97.7% SSE acceptance
arbitrary choice of "SSE identification probability"

SSE defined as events with charge cluster extent so small that 
the electric field doesn't change significantly across it's width

2 σ

228Th
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Updated experimental results Updated experimental results 

� cut at 2 σ from the SSE band mean

� simplified MC estimation of 0νββ acceptance: (89.4 ± 1.4)%

γ-lines

CC = Compton continuum (2039 ± 35 keV)

100%

10%

1%

0.1%

0νββ
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PSD validation via coincident singlePSD validation via coincident single--Compton scatteringCompton scattering

SCS

⇒ double-escape peak (DEP) is a 
good representation of ββ events

⇒ validated our PSD calibration using 
DEP and Compton continuum events

A/E parameter 
histograms:

no effect of
event topology
or spatial 
distribution

corrected for
energy depen-
dence from 
Compton cont.
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PSD performance in dependence on spatial event distribution PSD performance in dependence on spatial event distribution 
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acceptance: DEP 1621 keV

uncollimated: 89% 10%

collimated (centre): 88% 23%

DEP

amplified current 
amplitude A

reject accept

228Th source
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∅ 6 mm collimated beam

PSD performance in dependence on spatial event distribution PSD performance in dependence on spatial event distribution 
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HV dependence of PSD performanceHV dependence of PSD performance
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< 3% of total volume PSD ineffective
Complementary PSD techniques effective
also in this region (e.g. rise-time based)

� the extent of the insensitive region 
grows with HV

ee−−

hh++

electrode extent

beam size



� PSD tested on ∅ 6 cm BEGe (at IRMM Geel, Belgium)

� results: SEP survival 9.2% (∅ 8 cm:    7.1%)
FEP survival 13.5% (∅ 8 cm:  10.2%)
at 89% DEP acceptance
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PSD performance in dependence on crystal sizePSD performance in dependence on crystal size
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� PSD tested on ∅ 6 cm BEGe (at IRMM Geel, Belgium)

� results: SEP survival 9.2% (∅ 8 cm:    7.1%)
FEP survival 13.5% (∅ 8 cm:  10.2%)
at 89% DEP acceptance
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PSD performance in dependence on crystal sizePSD performance in dependence on crystal size
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� PSD validated with SSE events of different topology 
(DEP vs. SCS), spatial distribution, and energy

� discovered < 3% loss of MSE rejection sensitivity near 
the read-out electrode (specific to our PSD method)

� no spatial dependence of SSE acceptance found

� no change of PSD sensitivity in dependence on HV 
(except for a slight growth of the MSE-insensitive 
volume)

� PSD performance in smaller crystals likely different only 
due to lower γ-ray absorption efficiency

Summary and conclusionsSummary and conclusions
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� tests of FE electronics for bare BEGe operation in LAr

� optimisation of the PSD procedure and coordination 
with LNGS BEGe team in advance of acceptance 
testing of new BEGe's from depGe

� coordination with Zürich group (Francis) on definition 
of the Phase 2 calibration source from the point of 
view of PSD calibration requirements

OutlookOutlook
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Backup slidesBackup slides
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HV scanHV scan
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HV scanHV scan

0

2000

4000

6000

8000

10000

12000

500 1000 1500 2000 2500 3000 3500 4000 4500

High voltage [V]

N
u
m

b
e
r 

o
f 

c
o
u
n
ts

0

1000

2000

3000

4000

5000

6000

7000

8000

P
e
a
k
 p

o
s
it
io

n
 [

c
h
a
n
n
e
l]

1.33 MeV peak intensity

1.33 MeV peak position

N
u

m
b
e

r 
o

f 
c
o

u
n

ts
 [

p
e

r 
6
0

0
 s

]



23

MPIK HeidelbergMPIK HeidelbergMPIK HeidelbergDušan BudjášDušan BudjášDušan Budjáš

Charge collection characterisationCharge collection characterisation
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Charge collection losses: peak tailsCharge collection losses: peak tails
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Charge collection stabilityCharge collection stability
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Charge collection stability: count rateCharge collection stability: count rate
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Coincident recordingCoincident recording
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HV dependence of PSD performanceHV dependence of PSD performance
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� current signal amplitude grows with HV => weighing field shape changes

� (the width of the SSE band seems to slightly increase with HV)
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