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B 3 Image: Michela Negro et al. 2022
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Sources in the X- and gamma-ray domain

Burst Alert Telescope (BAT) on Swift
(2004-present)

Energy range: 15-150 keV

1632 detected sources.
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BATSE (1 of 8)

COMPTEL on CGRO
(1991-2000)

Energy range: 0.75 — 30 MeV

A few tens of steady sources.

Large Area Telescope on Fermi
(2008 — present)

Energy range: 20 MeV - 300 GeV

Over 5000 detected sources (blazars,
pulsars, supernova remnants, high-mass
binaries, gamma-ray bursts (GRBs) etc.).
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The MeV gap
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Difficulties of observing this domain is due to

e Three energy-loss processes

e Low interaction cross-sections

e Inherent difficulty of imaging

e High instrumental and atmospheric background

30 Continuum Sensitivity x E2 (eV cm~2 s~1)

To improve sensitivity, new state-of-the-art detector technology is required
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A successor to the COMPTEL instrument on the Compton Gamma Ray Observatory, CGRO

The Gamma Cube, Lebrun et al. 2014 GRIPS - Gamma Ray Imaging Polarimetry and Spectroscopy, Greiner et al. 2012

e-ASTROGRAM, Tatischeff et al. 2016

DUAL, von Ballmos et al. 2012
ASTROMEYV, de Angelis et al. 2021

AMEGO, Kierans et al. 2020 ; MEGA, Andritschke et al. 2006
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Focus on maturing the 3D CZT Drift Strip Detector Technology from a prototype towards a space ready module.
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Image: ESO/S. Brunier
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Semiconductor Electron only Room tempe
detector (CdZnTe) device operation
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DTU  Current state-of-the-art:
=< The 3D CZT drift strip detector
o
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Current state-of-the-art:
The 3D CZT drift strip detector
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Detector lab

Power supply

High voltage power supply
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Current state-of-the-art:
The 3D CZT drift strip detector

Electrode configuration and signal analysis
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DTU . .
= Timeline

Concept development of the CZT drift strip detector High-energy resolution demonstration of

(Van Pamelen and Budtz-Jgrgensen, 1998) pixelated drift strip detectors

?X-ruy photon

(Kuvvetli, 2004)

‘ o Gamma-Ray

Radiation Detector”,

: Commencement of the 3D Molecular ' “Evaluatiien 06 GZI0RN i Strjp Retackiy's
methgd, for 3B*EXT detectors”, Bregst-imaging Project (MBI} in for Use 8D Molrgobm, Buerst) peghg
(PCT/B‘T( 017/0503%&9 collaborationwith Kromek Group plc. ” (Owe et al. 2023)
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ammography LCC ~ LCC LAT
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HE

Spectral resolution:
~1.4% @ 661.6 keV
~1.2% @ 1460 keV

Detector 2 2D histograms (x,y corrected, all single events)
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Benjamin Nobre Hauptmann, 2024
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4x4x0.5 cm3 preliminary performance results
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Spatial resolution @ 661.6 keV:

~0.5 mm in x and z direction

Some faulty electrodes, but in general good performance.

Detector 3 x-scan step 30

Detector 3 z-scan step 38
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In summary:
o
*=  Detector technology tested and verified in a laboratory environment
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Sub-mm spatial resolution in 3D

But... the current prototype
setup, electronics, and data
sizes are large....

W@ -

Event type characterization

Applicable for medical imaging
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Horizon-EU EIC Pathfinder Open

I

Funded by
the European Union

I-RASE - Intelligent Radiation Sensor Readout Systems
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Horizon-EU EIC PATHFINDER OPEN

I

Funded by
the European Union

iI-RASE - Intelligent Radiation Sensor Readout Systems

Real-time radiation measurement via physics-inspired neural networks
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Data acquisition, SETA 2 5;_" Goals of i-RASE

Data st , and . . .
ata SToroeSat * Design, build, test, and implement the 1st on-the-fly photon-by-photon

Off-line analysis radiation

* A physics-inspired artificial neural networks (ANN) for comprehensive
sensor signal processing

¢ Real-time measurement of radiation interactions.

* Intelligent output of radiation data with unprecedented accuracy and
speed.

Estimated example:

Offline analysis: 80 GB data
M S - i-RASE: 5 MB

ioacti : Electroni
Radioactive source and ® 30 7T Drift A ectronic readout High-speed

slit-beam collimation ; i (charge sensitive

1 . .y . _
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DTU Outlook “End”-goal:
-— TRL - Technology Readiness Level Assess the technology in a relevant environment - Space
3D CZT Drift Strip Detector + i-RASE
TRL 9
TRL 8 Flight proven
TRL 7 Flight qualified
Model demonstration for operational
TRL 6 ® environment
3D CZT Drift Strip Detector C— Space Technology R&D TRL 5 o Models (full scale} demonstration in relevant environment
Breadboards (reduced scale) verification in relevant
TR T environment
Functional verification

Electronic readout concept TRL 3 ®
(i-RASE) I TRL 2 Proof-of-concept

Application formulated

TRL1
()

Basic principle
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Horizon-EU EIC PATHFINDER OPEN

<V Funded by
N L7 the European Union

AR

iI-RASE - Intelligent Radiation Sensor Readout Systems

Real-time radiation measurement via physics-inspired neural networks

Signal Converters

i-RASE is the next-gen Al-powered sensor readout technology using Artificial Neural Networks
(ANNs) for radiation detectors signal processing

HE EIC - i-RASE — 101130550, KO: March 01, 2024, Duration: 48 months
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Selina R. H. Owe, Postdoc, DTU Space
[Z(‘? shoowe@space.dtu.dk

m www.linkedin.com/in/selinaowe/

The 3D CZT drift strip detector

Space applications, e.g.

Compton camera telescope

MeV telescopes

Medical applications, e.g.

Molecular Breast Imaging

Sub-mm PET

Safety, e.g.

Monitoring nuclear
material and waste packages
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