online version

Compton Imaging with Pixelized

Detectors and Applications
PIRE GEMADARC Summer School, Taiwan ®ec -

May 27", 2023
-° ‘D —— PIRE—— “"%P”

o GEMADARC MAX-PLANCK-INSTITUT

FUR PHYSIK

Felix Hagemann



https://docs.google.com/presentation/d/1LH3drEXTlIf9Cj1KyN1vme6CpBnHteUAUPYearBcnU0/edit?usp=sharing

Outline

p — _—1 01 —>
1 1
O E :
2 4 P e
/
0 lb Zb 3|0 4|0
Compton imaging Experimental setup: Compton imaging of
Compton Scanner germanium detectors
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COmptOn Imaglng @ Compton scattering

@ Photoelectric absorption
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COmptOn Imaglng @ Compton scattering

@ Photoelectric absorption
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Segmented Broad Energy Germanium Detector

Segment4  Core Passivated area Values in the specification sheet of the detector:

Zinmm Net carrier concentration:

101 0 - Top surface: 6.5-10%cm™
- Bottom surface:  5.8:10%cm
Note: The net impurity concentration is given by the
0t crystal grower and could be different than the
values calculated from depletion measurements.
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Signal Development in Germanium Detectors
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Compton Scanner
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Compton Scanner Setup

I. Abt et al., Eur. Phys. J. C 82: 936 (2022)

doi:10.1140/epjc/s10052-022-11064-8, arXiv: 2202.03116
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Background for Event Selection
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Reconstruction Algorithm
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Reconstruction Algorithm Applied to Data
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PUISe Shape SeleCtlon —> similarity in core and collecting segment

From events with 2 hits in the CZT camera: From events with 1 hit in the CZT camera:
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Pulse Shape Library

Waveforms from data at R = 25.5mm, ¢ =50.8°, z = 20mm
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Comparison to Simulation
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Simulated Depletion Behaviour of the segBEGe Detector
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Compton Imaging of Undepleted Regions

From events with 2 hits in the camera:
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Rates of Compton Reconstructed Events

Rate of reconstructed events in cts/min
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Rates of Compton Reconstructed Events

Rate of reconstructed events in cts/min
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Comparison to Simulation [3.5

— Simulated undepleted region using the manufacturer values Simulated undepleted region using an impurity profile
(scaled by a factor to match the measured depletion voltage) with a linear radial dependence: p(r) =p, (1 —1/R)
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Summary
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Similarity cut
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Contributions to the Electric Potential

VZ(P(?) _ _p(l’)




Contributions to the Electric Potential
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z1in mm

Contributions to the Electric Field
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Estimating the Radial Component from CV Measurements
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Estimating the Radial Component from CV Measurements
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