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Motivation

= Aim: Spectral and component characterization of secondary particles produced in
proton beams using a pixel detector

= Spectral tracking and LET measurements of light and heavy charged particles
in a water-phantom

Flux and dose rate of the scattered radiation (protons, electrons, X rays, gamma,
neutrons)

Introduction
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Experimental setup




Experimental setup

= = Stationary 220 MeV proton pencil beams

» Pulsed beam structure with specified dose rates from 0.01
to 360 Gy/s
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Experimental setup

Detection system Beam parameters
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Timepi.x3 f— R . \ Bias Voltage
a hybrid semiconductor pixel detector

Detector substrate (Si)

Hybrid semiconductor pixel detector Timepix family P ' P-implants
from CERN which provide per-pixel response of:

- energy
- time

- counting
= Over 65 000 pixels

» Pixel pitch 55 pm
» Energy threshold 3 keV for silicon sensors

= Time resolution 1.6 ns for Timepix3 chips

Setup
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MiniPIX Timepix3-Flex pixel detector \% NDVAECAM

UH

Timepix3 Si 500 pum

Customized waterproof miniaturized radiation detector
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Timepix3 detectors

20/07/2022 CRISTINA OANCEA| 8TH LOMA LINDA WORKSHOP| USA



LET, flux and dose rate measurements
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QO Particle flux and DR

= Per-pixel deposited energy

» Time of arrival of each particle

O LET in silicon
= Wide range (0.1 to >100 keV/um)

= Wide Field of View (2n)

LET = % E = cluster energy,
x = 3D length

Methods
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Particle Tracking with TimePIX3

Directional LET measurements vs particle type and angle

» |n-beam measurements, 31 MeV protons

Precise measurement of position, deposited energy, time, direction

Per-pixel Energy [keV/px]

0 100 200  X-position [px] 300 400 500

o)
7 Nuclear Physics Institute of the CAS
public research institution

Timeiix3 detectors




Spectral tracking and imaging of single particles

Protons Electrons Photons Hich LET ions Neutron interactions
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Precise measurement of position, deposited energy, time, direction

Timepix3 detectors
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Calibration of Timepix3 detector for thermal neutrons

Torn
Integrated data over 1 s Integrated data over 30 s imepix3 Neutron converter
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Methods
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What is behind the Bragg peak?

MC simulation 2D dose ~ Measured deposited energy by Timepix3 in event mode

from primary protons normalized E Integrated E
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Normalization of the LET spectrum

low-intensity beams, 5 cm behind the BP

LET measured at low-DR LET normalized by number of particles
Linear energy transfer distributions Rescaled linear energy transfer distributions
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=  Same LET distribution over different field intensities
Results
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MC simulation of neutron fluence inside a water-phantom

MC simulation of spatial distribution MC simulation of spatial distribution
of all neutron fluence* of thermal neutron fluence*
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Preliminary results: thermal neutron flux in
proton beams

MC simulation of spatial distribution Measured thermal neutron flux
of thermal neutron fluence for a DR at the reference point of 0.27 Gy/s
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What is behind the Bragg peak at FLASH DR?

MC simulation 2D dose Timepix3 detector operated in integrated mode

from primary protons normalized
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» Scattered particles due to neutron interactions
Results
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Linear deposited energy response for wide range of dose
rates (DR)

from conventional to FLASH-like proton beams
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Deposited energy of scattered radiation lateral to the BP

Measured deposited energy by Timepix3 detector
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Results: Flux & DR of scattered particles

MC simulation 2D dose Particle flux
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Results: LET histograms of stray radiation

MC simulation 2D dose

Linear energy transfer distributions

from primary protons normalized* Data points
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Summary

= The newly developed MiniPIX TimePIX3-Flex was used to characterize the stray
radiation fields of conventional and UHDR proton beams produced in a water phantom

= A methodology for the characterization of secondary radiation produced in proton
beams (composition, flux, deposited energy and dose rate) in water was developed

» Linear response of deposited energy in silicon over a wide range of DR (from 0.14 Gy/s
to 270 Gy/s)

= A new method for measuring the thermal neutron flux in proton beams was established.

Summar
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