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Outline

> Compact medical PET cyclotrons: tools for medicine and science
>  SWAN project in Bern: production and research under the same roof

> Positron Emission Tomography: conventional and novel radioisotopes

> Liquid vs solid targets

> Production of new radioisotopes for theranostics

> Tools and methods from high-energy physics
>  Some achievements with the Bern cyclotron
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Medical cyclotrons
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Compact medical PET cyclotrons
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Compact medical PET cyclotrons

Physics must answer to medicine

>  FDG most common PET radiotracer = '8F (1 dose ~400 MBq)

180 (p’ n) 18F

> Beam energy: 15-25 MeV
> 150 pAin 120 min. = 500 GBq of '8F =» 250 GBq of FDG

>  T42= 110 min. =» Production(s) every night
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Liquid targets:
- ~39g,~3cm?
- Beam: 1 cm FWHM

... and during the day ?




Positron Emission Tomography (PET)

Particle
detectors

3. PET tomograph 2. Radio-pharmacy 1. Cyclotron

4. PET image CT-PET image:
morphology
+
metabolism
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The Bern medical cyclotron and
its Beam Transport Line (BTL)

> IBA 18 MeV high current cyclotron (up to 150 pA) — 2 H- ion sources
> 6 18F liquid targets: daily production
> External beam line in a separate bunker: research

> Specific method to produce currents down to 1 pA
M. Auger et al., Meas. Sci. Technol. 26 (2015) 094006
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The hot labs
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The Bern cyclotron
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Multi-disciplinary research activities
with the BTL

Beam from cyclotron

Beam from BTL
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Radionuclides for theranostics
in nuclear medicine

Solid targets:

- ~10 mg

- ~ 5 mm diameter
- Material: powder
- Beam: ?
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Commercial solid target station
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Our strategy for the production of
radioisotopes for theranostics

> Accurate knowledge of the beam (position, shape, energy)
— Beam monitoring detectors

> Novel target + transfer system

> Accurate knowledge of the production cross sections (impurities!)

> Active system to focus the beam
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The UniBEaM detector
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On-line monitoring with UniBEaM
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The target “coin”

CaO pellet

UPHUKS - 05.09.2022 - SB




The Hyperloop by LHEP
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The solid target station and the
pneumatic transfer system (by TEMA)
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The receiving station in the BTL
and the CZT detector

UPHUKS - 05.09.2022 - SB



Beam energy measurement (1):
magnetic deflection in the BTL
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Beam energy measurement (2):
special “coin” for the STS
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Cross section measurements
with a novel method
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The target station for
Ccross section measurements
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Cross sections and radio-nuclidic purity:
the case of %3Ga

UPHUKS - 05.09.2022 - SB




Yield, purity and production tests:
example ¢8Ga
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Some produced radioisotopes
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44Sc is ready for clinical applications

IBA Award 2020
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Work in progress :
Automatic Focusing System (AFS)

Cyclotron

Mini-PET Beamline (MBL)
Two-dimensional UniBEaM
Solid Target Station (STS)
Solid Target Transfer System
(STTS)

Solid Target Loading System
(STLS or Hyperloop)
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Haffner, P. D. at al., An Active Irradiation System
with Automatic Beam Positioning and Focusing
for a Medical Cyclotron, Appl. Sci. 2021, 11(6),
2452:; P. Haffner, PhD Thesis, 2021
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Tests with the BTL.:
Beam recovery with the AFS
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Conclusions and Outlook

> Compact medical cyclotrons: tools of choice for PET
radioisotope production in a hospital-based environment

> Production and research can run in parallel

> The Bern cyclotron laboratory
=  FDG industrial GMP production is running smoothly

= Multi-disciplinary research activities: radioisotopes for theranostics,
particle detectors, radiation hardness, ...

> ... we are open to collaborations!
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> LHEP mechanics and electronics workshop

https://www.lhep.unibe.ch/research/medical_applications/index_eng.htmi
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