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Background

Targeted radiotherapy

Auger electron emission
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PSA < 0.1 ng/mL

C. Kratochwil, et al. Journ. Nucl. Med., 57 12 (2016)
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What is an Auger electron?

Internal conversion Auger emission

e

« KLL, 5 electron

Notation: XYZ

M Lys L1 K

X = (sub)shell of initial vacancy
Y = (sub)shell of de-exciting electron
Z = (sub)shell of emitted electron

E(X,YZ) = BE(X) — BE(Y) — BE(Z) + ¢

@ = Term related to hole-hole couplings
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What makes a good Auger emitter?

From J. Bolcaen, et al. Journ. Nucl. Med., 64 9 (2023) Each category gets scored 1-5

all articles
self

Sself 2 Sself
Overall dosimetry score = (#AE) + <T1/2) + (Sall ) 4+ > P

self
/ Sall + Sg{loss Sall
/ Ratio of self-dose from particles to
self-dose from all radiations
Number of AEs emitted per decay Self-dose to the cell nucleus per including photons for a 6.2-mm
decay in the cell nucleus radius sphere of water
Physical half-life Ratio of self-dose to the nucleus
to total absorbed dose to the
nucleus
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What makes a good Auger emitter?
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What makes a good Auger emitter?

From J. Bolcaen, et al. Journ. Nucl. Med., 649 (| %
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Existing data on number of AEs emitted

From the International Commission on Radiological Protection publication 107:
“A method, based on the RELAX computer code of Cullen (1992), for calculating
detailed atomic radiations has been introduced into EDISTRO4 in order to treat
transitions from outer shells.”

Eckerman K, Endo A. ICRP publication 107. Nuclear decay data for dosimetric calculations. Ann ICRP. 2008;38:7-96
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The charge plunger method

Target Charge reset foil
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University of Manchester (D.M. Cullen, L. Barber)
University of Liverpool (R.-D. Herzberg)

University of the West of Scotland (B.S. Nara Singh)
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L. Barber, J. Heery, et al. Nucl. Instr. and Meth. in Phys. Res. Sec. A, 979, 164454, (2020)

J. Heery, L. Barber, et al. EPJA, 57, 132, (2021)
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The charge plunger method ﬁ
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The charge plunger method

Average increase in charge due to ICE + Auger electron emission
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Idea: Charge reset method

beam scatters

beam \
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Idea: Charge reset method
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Experiment at Argonne National Laboratory

®7Au target  Carbon reset foil .

> 547.5 keV

5+
- To FVA 2 > 5025 eV
“0Ar beam 2

5mm

11
- 4092keV,ty ), =7.7s

+

Two beam energies investigated: 150 MeV and 101 MeV.

Recoiling Au ions at ~80 MeV (~0.9 cm/ns) and ~50 MeV 5 279.0 keV,ty/, = 18.6 ps
(~0.7 cm/ns) separated by A/q using FMA N
All states above 77 keV have half-lives ~10 ps or lower 2 268.8keV,ty/; = 154 ps
Gate on 191-keV gamma-ray populating 77-keV state
Will have low-charge (gamma-decay and IC before reset) 1+
and high-charge (IC after foil) component 136 P 774 keV,ty;; = 1.9 s
a = 4. @
Centroid difference between HC and LC gives mean Auger- +

electron multiplicity 3 0 keV

Fusion-evaporation reactions on C-foil used for
normalisation of gamma-ray intensities (no FMA condition)
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40Ar on 197Au at 150MeV
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40Ar on 197Au at 150MeV
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40Ar on 197Au at 150MeV
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X Possible scattered beam effect...
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40Ar on 197Au at 101 MeV
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40Ar on 197Au at 101 MeV
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40Ar on 197Au at 101 MeV
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Future steps e
- Work out what's going on: ] |

» Possible scattered beam compone =% & & % % 5 £ & % F b

Charge state [e]

120
—-- Schiwietz and Grande
1004 # Gate: 191keV (x10)
¥ Gate: 279keV
80 ¥ Gate: 547kev

relative intensity [arb.
B =]
s o
1 L

~N
=1
1

o

—= —==cea
16 18 20 22 24 26 28 30 32

Charge state [e]
9 | (a) | 6 [ (b) | ‘* 18 |+ (C) | E;periment — L1
. . . K BriccEmis (with correction) —
 Comparison to theoretical calculations j : 16| s m o) —
. ) 14 N
» BrlccEmis €6 af | 3
8 5 LMM,N +
=k s
i “\
1
0

02 04 06 25 30 35 40 215 220 225 230 305
Energy [keV]

22/04/2025 IOP Nuclear Physics Conference 2025 22



Summary

22/04/2025

Determining the number of electrons emitted during an Auger cascade is important for targeted
radiotherapy.

A method has been developed to determine the average number of Auger electrons emitted
following a vacancy based on resetting the charge state of an ion following an inelastic scattering
reaction.

An experiment was performed at Argonne National Laboratory combining GRETINA and the FMA
spectrometer.

Preliminary results are encouraging but still some questions to be answered!

Waiting for theoretical results using BriccEmis
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