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Introduction

TRIUMEF - accelerator physics lab
Expertise in

e Accelerator technology
* Accelerator operation

* Detectors

e Targets for isotope production
* Interaction of particles
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Applicable to medical isotopes
(and radiotherapy)




Medical isotopes @ TRIUMF
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Gas targets: 11C, 18F
Liquid targets: 13N, 18F, 68Ga, 44Sc, 8Co, 61/64Cu, 86Y,
Solid targets: —44Sc, 45Ti, 52Mn, 61/64/67Cy, 68Ga,

117/118/1195b 132/135La 192|r 197Hg 203Pb
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T(v Isotope production \
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Al i .
(v Irradiation modelling

 Temperature, mechanical stress

 Thermodynamics (convection
currents, phase changes)

* Yields

A. Robertson et al., Instruments 3 18 (2019)
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(v Irradiation modelling

 Temperature, mechanical stress

 Thermodynamics (convection
currents, phase changes)

* Yields
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(v Irradiation modelling

 Temperature, mechanical stress

 Thermodynamics (convection
currents, phase changes)

* Yields
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(v Irradiation modelling

* One model: temperature, i gt T e )y Zif
mechanical stress, ‘B : _ CFL ;
thermodynamics L | _ .,
(convection currents, phase —L T . a—
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A)) _
(v 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)




A)) _
(v 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

e Optical fibers?

C. Hendriks et al., Review of Scientific Instruments 84 113505 (2013) 10
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T(v Optical Fibers — Temperature and Pressure

e Localized

temperatu re/pressu re Input Signal

unknown in gas/liquid Optical Fiber
targets — often only global ‘L

measured \
/

A\

A Bragg Wavelength

radiation ‘hard’

Fiber Bragg Grating

e Silica fibers with grating are ‘

* (Can measure temperature A Reflected Bragg Wavelength

to 0.1 °C, up to 1000 °C
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T(v Optical Fibers — Temperature and Pressure

EBG-based Pressure Transducer

Fluid Inlet Port Temperature Compensation Optical Fibers to OGA

FBG Sensor Signal Conditioner

?
(LD e ’
=SSN
i \‘/// LT /W - ] ~ ]
I AR TIIIIIIIIG T4 Z 77777
/ ™
J Strain Measuring FBG Sensor
Pressure-Strain Reaction Mechanism Optical Aber o OGA
Signal Conditioner
Pt I,f’ s 7 P

¢ St | 77 |
\Tempero’rure \ 1/16" Inconel

Measuring FBG Sensor Protection Sheath

FBG tip
encapsulated in
Inconel sleeve

-~

Target body
section




AL _ _
T(v Optical Fibers — Temperature and Pressure
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T(v Optical Fibers — lonizing radiation

Scintillator Sheathing
/dopant

Organic fibers (PMMA) Inorganic fibers (silica)
* Gd,0,S:Tb * Ce-doped
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T(v Optical Fibers — lonizing radiation

PM signal (V)
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T(v Optical Fibers — lonizing radiation

Radiation hardness
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(v Beam monitoring

TR13 cyclotron, TRIUMF 18 MeV IBA cyclotron, U Bern
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fiber signal (arb. units)

Beam monitoring
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1B: Ce-600, water target
1A; Ce-600, Tl target
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1D: B-200, '®0 gas target
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beam current (pA)
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C. Hoehr et al., Applied Science 10, 4488 (2020)
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(v Beam monitoring

fibrer output {a.u)
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S. Usherovich et al., Journal of Physics: Conference Series 2687, 072003 (2024)
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AL . o
T(v Particle Discrimination

Proton Therapy Research
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T(v Particle Discrimination

PTRC - protons (with photons & neutrons)

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

Steel shielding

Concrete
shielding

450 Mev
protons

Neutron monitor
BF3 / polyethylene

Aluminum plate

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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T(v Particle Discrimination

Total signal discrimination
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J. Niedermeier et al., Electronics 12, 324 (2023)
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T(v Particle Discrimination

Total signal discrimination Spectrometric discrimination
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(Y Summary

Fibers potentially monitor for

isotope production targets to

measure: 5
BN el

v Local temperature 0% el =t

v Local pressure Tt Q L] [m T s

v" Beam current e i e Y g
v" Target material
v Beam alignment

v" Particle discrimination

PRODUCTION

Goal: Establish combined
target-irradiation model
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TRIUMF: Matthew Hannah, Samuel Usherovich,
Jana Niedermeier, Crystal Penner, Janina
Hohnholz, Grace Dehnel, Stefan Zeisler, Camille

Belanger-Champagne, Mike Trinczek

Michael Bakaic (FIBOS, Toronto, ON) —
fiber gratings
Morgan Dehnel (D-Pace, Nelson, BC) —
fibre monitor
Saverio Braccini (University of Bern) —
fibre monitor

Cheryl Duzenli (BC Cancer, Vancouver) -

dosimetry

Sinead O’Keeffe (Limerick, Ireland) —
organic fibers

Sylvain Girard (St.Etienne, France) —
inorganic fibers
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Thank you!
Merci!
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