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recent surge in R&D for model prediction, Al and synthetic data analysis
yresents a unique opportunity for advancements in radiation imaging
technologies. A challenge now rises in producing realistic models and
accurate data, that describe the complex physical processes behind photon-
matter interaction, detection, signal formation and measurement, to lay
down the foundations for designh optimization and provide true knowledge
of the detector physics and response. The principal objective of this study is
to develop an Advanced Theoretical Detector Model (ATDM) framework,
which incorporates the complex physical effects of charge diffusion,
repulsion, and trapping, enabling the generation of detector specific data
through model prediction. Synthetic data hold great potential for neural
network training and could provide new insights on electrode configuration
optimization and on the fly photon-by-photon measurement of radiation et tion ot the DTU Space detector lab, (Right: 30 model of the et
interactions. Sl L s

The developed framework utilizes COMSOL Multiphysics FEM software

| to model the geometry, material properties, electric field, and
individual electrode weighting potentials for the new large area 3D CZT
drift strip detector modules [1]. These quantities form the input to the
simulation of charge transport, based on the adjoint equations

I method, which when applied to the charge continuity equation allows
deriving the description of the underlying Charge Induction Efficiency
in the model [2]. Hence, we extract accurate 3D continuous mapping of
the induced charge, at any time and any interaction point for each

I electrode, obtained with a single transient computation. Monte Carlo
simulation software is employed for the generation of realistic charge
cloud distributions.

Examples of the simulated electric field (top), the weighting potential (middle), and the Charge induction Efficiency (CIE) (bottom), of an Anode, from the 3D CZT

drift strip detector.
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The CASINO software is utilized to generate realistic electron ionization
tracks in CdZnTe. Then, assuming only photoelectric absorption events, the
simulated photoelectron’s energy, penetration and collision profiles are
studied. Based on the energy loss and average pair creation energy in
CdZnTe, a corresponding number of secondary electrons is once again
simulated. The results are exctracted and read from a Python script where
all secondary electron trajectories are combined to form a realistic charge
cloud shape and distribution with known coordinates. Charge cloud
dynamics are also considered in the ATDM in the form of diffusion and
electrostatic repu Ision [3] ) (Left): Example of simulating charge cloud distributions, resulting from the initial interaction between the high energy photon and the detector material.

(Right): Charge cloud evolution modelling results for different initial cloud sizes.
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Verification of the ATDM is performed through experimental
measurements conducted at the DTU Space detector l|aboratory,
through means of a Cs-137 source slit-beam illumination. The
experimental program employed Nuclear Instrumentation Module
(NIM) standard charge sensitive pre-amplifiers and high-speed digitize
to measure induced pulse shapes in the 3D CZT drift strip detectors.
— large detector modules measure 40 x 40 x 5 mm?3, comprising a
A 119 electrodes, with 20 cathode strips, and 24 drift cells cc
from 99 electrodes.
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nent lasers, Cs-137 source, collimator and 3D CZT drift strip detector . (Right): 2D histogram of photoelectric absorption Anode 12 Measired Cathode § Measurec —— Drift 13 Measured
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ons, between the signals simulated from the ATDM and the measured raw data from the experiment, for various electrodes.
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