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Imaging requires:
 Energy L,
* Energy loss due to Compton scattering £/
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* Multiple events
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Imaging requires:

Energy E,

Energy loss due to Compton scattering £/
Interaction points and sequence

Multiple events
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[DEleCioRSEilp

Highly segmented
HPGe detector

AGATA detector S001

h=89mm @=80mm

71.1% efficency

36 segments

10° symmetric hexagonal tapered
Sub segment spacial resolution due
to pulse-shape analysis (PSA)




@peration

Coincidence mode
DSSD + HPGe HPGe stand-alone mode

Excellent energy resolution
High efficiency

|sotropic sensitivity
Reduced angular resolution

Excellent energy resolution
High angular resolution
Low efficiency

Anisotropic sensitivity

Image plane Image plane

‘Source “Source

“/_Cone axis “/.Cone axis




Imaeinguesults

* Coincidence mode * HPGe stand-alone mode
* Angular resolution 4.6° e Higher efficiency (up to 6.9%)
* Low efficiency (1.7x10%)  Lower angular resolution

(between 19° and 14°)

T. Steinbach et al. Eur. Phys. J. A (2017) 53:23 8
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Canberra EGC-SEG36

* Closed-ended coaxial shape
* 36 segments

h=89.7mm @=79.8mm
* 109% efficiency

For comparison: Efficiency of AGATA/S001 71.1%

Ring-1 h=10mm
Ring 2 h=16mm

Ring 3 h=16mm

Ring 4 h=16mm
Ring 5 h=16mm
Ring 6 h=16mm
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ADIL3iPeiential

bias voltage
5000

4000
3000
2000

1000

0 20 100 150
Z [mm/2]

space charge

Z [mm/2]

Impurity concentration: Geometry:
* 1.0x10%cm® « I =0.6cm
Bias Voltage: o T e = 4.0cm
* 5000V  h =8.95cm

full simulated potential
2000

4000

3000

2000

1000

0 50 100 150
Z [mm/2] 14



ADIL3iPeiential

true coaxial potential
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ADIL3iPeiential

bias voltage 0 Impurity concentration: Geometry:
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ADILS

Simulated Core Traces F., = 661.7keV hit in A3
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Canberra EGC-SEG36

* Closed-ended coaxial shape
* 36 segments

h=89.7mm @=79.8mm
* 109% efficiency

For comparison: Efficiency of AGATA/S001 71.1%

Ring-1 h=10mm
Ring 2 h=16mm

Ring 3 h=16mm

Ring 4 h=16mm

Ring 5 h=16mm
Ring 6 h=16mm

18



EREIGyIESpIuUtien

Am-241 1.4 ¢ _
Specification: = 1.3 + i
AE < 1.2 keV £ 19 |
=

Segments Avg.: E L1 - §
AE = 1.045 keV o 1L i
Core:

0.9 - ]
AE = 1.00 keV

0.8

ER S Y SlolSlel el el alalalaYatat st ARt tetat At e
Detector segments
2.5 T T T T T T I I I I I I T T T
1332 keV mmmm
Co-60 24 |
Specification: o 2.3 + i
AE < 2.1 keV 3 L4 _
=

Segments Avg.: § 2.1 l
AE = 2.008 keV . 9 | .
Core: 19l |
AE = 2.21 keV

1.8

Detecto

—
wn

egments



Crosstalk measurement

Crosstalk parameter matrix Crosstalk:

Single fold method

Parameters:

e Min.: 0.4%o0
—0.001 * Avg.: 1.3%o

* Max.: 5.9%o0

o
=
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=
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EREGVAESeIUlen

Drop of energy resolution:

* Only core preamplifier 50 Q terminated:
AE =2.19 keV @ 1332 keV

« All 37 preamplifiers 50 Q terminated:
« AE=2.84keV @ 1332 keV

Setup optimizations:

Detector readout:
* Patch panel / additional grounding
* NIM Crate / low voltage power supply

Cryostat (warm part):
e grounding
* low voltage power supply

After optimization:

* Only core preamplifier 50 Q terminated:
* AE =2.19 keV @ 1332 keV

* All 37 preamplifiers 50 Q terminated:
* AE =2.44 keV @ 1332 keV

21




[Risertimerdistabutions

* Cs-137 Source
e Single segment hit * Rise time 10%-90%

* Full energy deposition * Segment
EGC-Seg36
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[Risertimerdistabutions

* Cs-137 Source
e Single segment hit * Rise time 10%-90%

* Full energy deposition * Segment
EGC-Seg36

C4 C5
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ADC units

ADC units
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ADC units
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[Risertimerdistabutions

e Collimated Cs-137 Source
e Single segment hit
* Full energy deposition

e r=3.5cm
* Rise time 10%-90%
* Segment
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e Collimated Cs-137 Source
e Single segment hit
* Full energy deposition

C4
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EGC-Seg36
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e r=2.5cm
* Rise time 10%-90%
* Segment
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e Collimated Cs-137 Source e r=1.5cm

e Single segment hit * Rise time 10%-90%

* Full energy deposition * Segment
EGC-Seg36

C4 C5
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* Collimated Cs-137 Source

e Single segment hit

* Full energy deposition
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e r=3.5cm
* Rise time 10%-90%
e Core

risetimeCoreCh17 Hit
Entries 936
Mean 236.7
Std Dev 15.96
180
140—
120
100
80—
80
40—
20=
D:|||\|\|\|‘||\\| o b b Lo b v by
0 50 100 150 200 250 300 350 400 450 500

t [ns]

AGATA S001

C5

risetimeCoreCh11_Hit
- Entries 2042
# 700: Mean 233.3
F Std Dev  12.33
600—
500—
400—
300—
200—
100—
o) I IR W | ol o e b b b L
0 50 100 150 200 250 300 350 400 450 500

t [ns]

C6

risetimeCoreCh18_Hit
# - Entries 539
- Mean 220.4
100— Std Dev 19.96
80—
80—
40—
20—
ol b e G b Ll b L b L
0 50 100 150 200 250 300 350 400 450 500
risetimeCoreCh12_ Hit
# E Entries 1115
220:— Mean 222.7
200E- Std Dev  22.86
180
160
140
120
100
80—
60—
40
20
oBi i L Lo L ke b b i L
0 50 100 150 200 250 300 350 400 450 500

t [ns]




[Risertimerdistabutions

e Collimated Cs-137 Source
e Single segment hit
* Full energy deposition
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[Risertimerdistabutions

e Collimated Cs-137 Source
e Single segment hit
* Full energy deposition
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Detector Integration
* Characterization
 ADL Signal Basis
e Setup optimized
* Debugging

Pulse Shape Analysis
 ADLS3 adjustments
* Geometry
* Impurity concentration
* Mobilities
* Imaging performance
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Thank you for your attention!

R. Hirsch, T. Steinbach, B. Birkenbach, B. Bruyneel,
J. Eberth, H. Hess, L. Lewandowski, P. Reiter
IKP, Universitat zu Koln

R. Gernh&auser, L. Maier, M. Schlarb,
B. Weiler, M. Winkel
E12, TU Miinchen

PSeGe workshop, Strasbourg, 2018
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Diglialelectionics

Pixie-16 modules from XIA

e 16 channels per module

e 12-bit ADC ey e loalod pre-amplification il
« 100-MHz sampling rate bt e TP

e Custom firmware

« Data Converter to AGAPRO Wk
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PXI/PCI
bridge controller
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Crosstalk

Crosstalk parameter matrix
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