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Measurement of branching and energies distribution of light charged particles 
during a radioactive decay



Illustration of the tracks of α-particle, β-particle, and auger e- radiation

Shi M. et al. Alpha-peptide receptor radionuclide therapy using actinium-225 labeled somatostatin receptor agonists and antagonists. Front Med. 2022;9:1034315.

To effectively utilize Auger electrons in nuclear medicine, it is essential to have precise knowledge of their complete 
energy spectrum emitted per nuclear decay.



Measurement of branching and energies distribution of light charged particles 
during a radioactive decay

The problem is most effectively 
addressed using Monte Carlo 
simulations based on decay rates 
calculated for isolated atoms. It is then 
highly desirable to experimentally verify 
these results, specifically the predicted 
number of Auger electrons produced 
per nuclear decay and their energies.

Very few experimental data so far



Accurately determining the number of e- Auger e per nuclear decay for 125I

Cylindrical Mirror Analyser (super-CMA)

The measurements were performed with two spectrometers. 
For 50 eV to 4 keV (LMM Auger and K CE ), the DESA100 
SuperCMA (Staib Instruments) was used. An Electron 
Momentum Spectrometer was used for higher energies, up to 
40 keV



Accurately determining the number of e- Auger e per nuclear decay for 125I



Challenges in Obtaining Auger Electron Experimental Spectra

Preparation of the e-

Auger source 

Measurement and 
interpretation of the 

resulting spectra

Production of the e-

Auger radionuclide 
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Challenges in Obtaining Auger Electron Experimental Spectra

Preparation of the 125I 
source (4 mm diameter 

with an activity of 6 MBq)

Measurement and 
interpretation of the 

resulting spectra
Production of the 125I

2.67 Å

I monolayes

ANSTO (Australian Nuclear Science and
Technology Organisation)

ANSTO

Australian National University, Canberra

Research Reactors



Challenges in Obtaining Auger Electron Experimental Spectra

Preparation of the e-

Auger source 

Measurement and 
interpretation of the 

resulting spectra

Production of the e-

Auger radionuclide 

2.83 Å

Tb monolayes

PSI proton accelerator

SINQ – Swiss Spallation Neutron Source
(ILL High-Flux Reactor, CERN's MEDICIS 
facility)

Research Reactors

Cyclotron

Isotope and Target Chemistry Group 



Preparation of Lanthanides e- Auger emitting radionuclides sources 

➢ Sources must be mechanically stable.

➢ e- should have the same probability of interaction with the source nuclei. Thus, sources must be 

homogeneous and have uniform thickness. 

➢ Must be thin enough (few nm) to let e- pass through.

➢ The production method must have high yields, almost quantitative, due to the cost of the source material 

and be reasonably fast due to the short t1/2 of the radionuclides.

➢ The ideal source is a monolayer of a radionuclide in its elemental state.

➢ Lanthanides are typically metals, so their "elemental state" would refer to their pure metallic form.



Methods for Preparation of Lns e- Auger emitting radionuclides sources 

drop on demand



Methods for Preparation of Lns e- Auger emitting radionuclides sources 

drop on demand



Physical Phase Deposition

➢ Uniform depositions

➢ Thin layers

➢ Low Yields (less than 30%)

➢ Radioprotection issues



Methods for Preparation of Lns e- Auger emitting radionuclides sources 

drop on demand



Drop on demand

➢ High Yields (about 100%)

➢ Not uniform

➢ Thick layer  



Electroplating from aqueous and non aqueous solution

Pourbaix diagram for water



J. Park et al., 2014

For all lanthanides the reduction potentials 

are almost the same, ranging from −1.09 
(for Nb) to −2.35 V (for Pr)

Electrodeposition from IL

See poster of Noemi Cerboni



Platinum Wire Anode (+)

Pd Cathode (-)

Molecular plating (MP) technique

2 H2O + 2e- → H2 + 2 OH-

3 OH- + Ln3+ → Ln(OH)3 ↓

➢ High Yields (90/98%)

➢ Almost uniform layer

➢ Thickening of the deposit layer due to co-

precipitation of other compounds 



Coupled reduction (CR) technique

x Pd + LnyOz + z H2 → LnyPdx + z H2O 



Self-assembled monolayers (SAMs)

➢ High Yields Almost uniform layer

➢ Monolayer

➢ Homogeneous

Schematic of Alkanethiol SAM Formation 
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Ionic liquid

Page 22

Proposed method: production of thin, homogenous, and uniform targets via electrodeposition 
of micrograms or even nanograms of exotic radionuclides from ionic liquid electrolytes

Is a salt in the liquid state. At least one ion has a delocalized charge and  one component 
is organic which prevents the formation of a stable crystal lattice

Cations commonly found in ionic liquids. Anions.
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