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DeSls — Dosimetry, Simulation & Instrumentation

Hadrontherapy & Space radiation Dosimetry Radioactivity

Measure and model secondary Accurately measure the dose = Detect and map contaminations

particles produced by heavy ions. in treatment systems. and activations

H*(10)D

I. Farah, Phys. Med. Biol. 59 (2014)

Partnerships and collaborations

Hospitals (radiotherapy, radiobiology) « Heavy ion facilities (HIT, CNAO, GANIL, GSI...) - Academic laboratories * Nuclear industry & instrumentation



Measurement and modeling of secondary particles produced by heavy ions

FOOT: FragmentatiOn Of Target experiment
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Measurement and modeling of secondary particles produced by heavy ions

FOOT: the FragmentatiOn Of Target experiment
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Measurement and modeling of secondary particles produced by heavy ions

MIMOSA (Monolithic Active Pixel Sensor)
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Measure and map charged particles and secondary neutrons with high spatial
and temporal precision.

MIMOSA (Monolithic Active Pixel Sensor)
e MIMOSA surface :
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Measure and map charged particles and secondary neutrons with high spatial
and temporal precision.

« Off-target dose
Unwanted neutron dose delivered outside the treatment Incident beam
field.

* Risk of secondary cancers
Neutron exposure can increase the probability of long-
term radiation-induced malignancies.

« Activation and radiation protection
Neutrons can activate surrounding materials, creating
residual radioactivity that must be monitored for safety.

Thermal
neutrons

Fast
« Difficult to quantify neutrons
Neutrons have no electric charge, so they cannot be Other
directly detected, making their measurement and secondary
modelling challenging.

particles



Measure and map charged particles and secondary neutrons with high spatial
and temporal precision.

Solid Nuclear Track Detector (CR-39)

X Single use
X No real-time

: X Time consuming

Chemical treatment Detector reading

Tracks analysis

Goal is to develop a 4D neutron monitoring system:
—> sensor network (3D - space)

—> real-time monitoring (1D - time)

Coupling with Monte Carlo neutron fields calculations

@ GEANT4 '::.’[:A I'[ I} Frah, Phs. Med. Biol. 59 (20‘1;;

SIMULATION TOOLKIT




Measure and map charged particles and secondary neutrons with high spatial
and temporal precision.

Alphabeast

2808447A_Y43_240327
‘ us, u2 us,

@ I S Sl S
e ! | E ] v

~ WD 152mm  10{

 The silicon oxide layer acts as a surface filter,
reducing leakage and surface noise.

* The size of the collection well is optimized to
balance signal and noise
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Measure and map charged particles and secondary neutrons with high spatial
and temporal precision.

Alphabeast : Thermal neutron & Fast neutron detection collab C4PI Techno XFAB 0.35

Thermal neutron Fast neutron

Recoil proton

Epitaxial layer

Epitaxial layer
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Measure and map charged particles and secondary neutrons with high spatial
and temporal precision.

Alphabeast
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Measure and map charged particles and secondary neutrons with high spatial
and temporal precision.

Alphabeast : Example of use 38 mm airgap
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Measure and map charged particles and secondary neutrons with high spatial
and temporal precision.

Alphabeast
* 3internal thresholds to be set for autonomous counting
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Measure and map charged particles and secondary neutrons with high spatial

10 AlphaBeast

and temporal precision.
:

Hits/s

Hit Rate (hits/s)
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Perspectives and next developments

Peer to peer
Ethernet to the
monitoring room

ESP +
Alphabeasts
module
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Perspectives and next developments

Real time 4D neutron heatmap
monitoring (x, y, dose proxy, time)

Direct comparison with GEANT4/GATE

TCP
server
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Merci

Thank you for your attention
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