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Use of Large Facilities at PSI: Proton & Neutron Sources

Proton Irradiation

Neutron Irradiation
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PSI’s High Intensity Proton Accelerator Complex
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“Matched Pairs” of Radionuclides Towards Theragnostics
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α-Therapy β-Therapy PET (β-) SPECT (γ)Auger-e- Therapy
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Radionuclides: broadening the network for 

radiopharmaceutical application 
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Proton Irradiation Neutron Irradiation

Patient Diagnosis Radionuclide Therapy

Chemical Separation

Followed by…

Preclinical research;

Radiopharmaceutical

Manufacture

Research reactor facilitiesUniversities/cyclotron facilities

GMP groups;

Metrology groups

Preclinical groups;

Groups determining dosimetry;

The clinical fraternity

Groups determining dosimetry;

The clinical fraternity



44Sc: “From-Bench-To-Bedside”
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van der Meulen et al., Nucl. Med. Biol. (2015); 

Singh et al., Cancer Biother. (2017); 

van der Meulen et al., Molecules (2020)

Target Preparation Proton Irradiation of Target Material

Chemical Separation and Processing

Radiolabelling and Imaging



Separation of Sc from Ca
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0.1 M HCl
Waste

44Ca

Waste

0.1 M HCl

43/44Sc in NaCl/HCl

700 μL 

4.8 M NaCl/

0.1 M HCl

van der Meulen et al., Nucl Med. Biol. (2015)

Domnanich et al., EJNMMI Radiopharm. Chem. (2017)

van der Meulen et al. Molecules (2020)

Facility m (44CaO), mg Irradiation time 44Sc activity Molar Activity (DOTATOC)

PSI-IP2 25 – 30 90 min ~4 GBq Up to 25 MBq/nmol

UniBe 25 – 30 30 – 240 min 0.6 – 16 GBq Up to 25 MBq/nmol



: 44Sc
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Initial PSI Target Current PSI Target/ETH UniBe Target

van der Meulen et al., Nucl. Med. Biol. (2015); van der Meulen et al., Molecules (2020)



43Sc: A Proposed Improvement in Radiometal PET
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Target Preparation Proton Irradiation of Target Material

Chemical Separation and ProcessingRadiolabelling and Imaging

Domnanich et al. (2017); van der Meulen and Hasler (2019)



43Sc:44Sc at Various Energies
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Reduction of proton energy @PSI:

DOTANOC labelling (100 %):

44Sc: 7.5 MBq/nmol (44mSc: 0.2 MBq/nmol)

43Sc: 20.9 MBq/nmol

44Sc:  26.2 %, 44mSc: 0.8 %

43Sc:  73.0 %

van der Meulen and Hasler (2019)



64Cu: PET Radionuclide
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Target Preparation Proton Irradiation of Target Material

Chemical Separation and Processing

Radiolabelling and Preclinical Imaging

Van der Meulen et al. 2019; Farkas et al. 2016; Umbricht et al 2019.



165Er: Potential Auger Therapy?
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Target Preparation Proton Irradiation of Target Material

Chemical Separation and Processing

Gracheva et al. 2018; Gracheva et al. 2019.
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Terbium radioisotopes: novel radionuclides for radiotheragnostics
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155Tb

Decay mode γ (87, 105,… keV) 
(Auger e-)

Half-life 5.32 d

Main 
application

SPECT

161Tb

Decay mode β- (154 keV), Auger
e-

Half-life 6.96 d

Main 
application

β-Therapy

https://www.nndc.bnl.gov/nudat2/



Chemical Separation of Tb from Gd Target Material
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Scheme concept of the Purification Process:

Separation process

performed in a hot cell

Gracheva et al., EJNMMI Radiopharmacy and Chemistry (2019).

Favaretto et al, EJNMMI Radiopharmacy and Chemistry (2021).
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Isotope and Muon Production using Advanced Cyclotron and Target technologies
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https://www.psi.ch/en/impact

CDR: https://www.dora.lib4ri.ch/psi/islandora/object/psi:41209



Radionuclide Development using Isotope Separation OnLine (ISOL)
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• Targetry use and optimization requires development!

• The resultant (dependant on choice of target) chemical separation requires development!

• Optimization of the production of a radionuclide (incl. GMP/registration) takes years…

• Multidisciplinary: physics, chemistry, engineering.

Vital Aspects of Radionuclide Development often overlooked

Nicholas P. van der MeulenIAEA-CN301-44



• PSI’s HIPA facility is used extensively for the development of novel radionuclides.

• Developments can be implemented (technology transfer) for use at a medical cyclotron facility.

• Chemical separations can be upscaled.

• Production development can lead to the desired radionuclide reaching a patient in a clinical setting.
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Conclusions and Outlook
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The Future of Nuclear Medicine in the EU
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The PRISMAP consortium 

Facility with Isotope mass separation 

Facility planned with Isotope mass separation 
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