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Introduction

TRIUMF - accelerator physics lab
Expertise in

* Accelerator technology

* Accelerator operation

* Detectors

* Targets for isotope production
* Interaction of particles

Applicable to medical isotopes
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Targeted Radiation Therapy (TRT)

#  ionizing event a@?
Theranostics — therapeutic and imaging -: ;p:ar:'tf:e //.-\,};/
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* Alpha emitters .
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Medical isotopes @ TRIUMF

Gas targets: 11C, 18F
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Isotope production

. Range Sensitivity

Exercise in compromise: ' >

* Beam range (volume of irradiation) _ ;:

* Cross section(s) (contaminants) o
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Irradiation modelling

* Temperature, mechanical stress

* Thermodynamics (convection currents,
phase changes)

* Yields
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One model:
temperature,
mechanical stress,
thermodynamics
(convection currents,
phase changes),
yields

Local observables
needed for
validation



Monitors

* Small (spatial resolution, limited space)

e Radiation hard

* Temperature

* Pressure

* Real time

* Dose (photons, protons, neutrons)

* |onizing radiation (beam alignment)

* Independent of environment
(electromagnetic field, temperature, light)

* Pressure transducers (global)
* Thermocouple (global)

* Beam monitors

e Radiochromic films

Optical fibers?

C. Hendriks et al., Review of Scientific Instruments 84 113505 (2013)



Optical fibres — temperature and pressure

Localized
temperature/pressure
unknown in gas/liquid
targets — often only global
measured

Silica fibers with grating are
radiation ‘hard’

Can measure temperature
to 0.1 °C, up to 1000 °C

Input Signal
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Optical fibres — temperature and pressure
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Optical fibres — ionizing radiation

Scintillator/ Sheathing
dopant
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Organic fibers (PMMA)
* Gd,0,S:Tb

* Gd,0,S:Eu

*YVO,

*Y,0,S:Eu

*Y,03:Eu
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* Kuraray

Inorganic fibers (silica)
* Ce-doped

* Cu-doped

* Gd-doped

* N-doped

* Ge-doped

* B-doped



Optical fibres — ionizing radiation

PM signal (V)

Light output or light attenuation
proportional to absorbed dose
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Optical fibres — ionizing radiation

Radiation hardness
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Beam monitoring
18 MeV IBA cyclotron, U Bern

TR13 cyclotron, TRIUMF

transport fiber -,'_
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Beam monitoring

fiber signal (arb. units)
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Beam monitoring

Channel calibration Beam alignment
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Proton FLASH

Multi-point dosimeter for
conventional and FLASH dose rates

C. Penner, PhD thesis, UBC, 2024
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Particle discrimination

Proton Therapy Research

CAenter (PTRC)
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Particle discrimination

PTRC - protons (with photons & neutrons)

Vertical access
. through shielding  Access floor 16'ft
above neutron
beam line

Steel shielding

Concrete
shielding

sl
Neutron monitor
Al plate BF3/ polyethylene
Proton beam beam dump
vacuum pipe

B \\ Neutron

Neutron channel beam

located 15cm Device to be
below ¢ of test mounted Steel shield
proton beam dump on plate and
lowered into beam

TNF - neutrons (with photons)
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Neutron sensitivity (FC/cGy)

Particle discrimination

Total signal discrimination
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Spectrometric discrimination
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Summary

Fibers potentially monitor to
measure:

Local temperature

Local pressure

Beam current

Target material

Beam alignment

Particle discrimination

Very large range of particle flux
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& TRIUMF

Thank you
Merci

www.triumf.ca
Follow us @TRIUMFLab
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