
Aliz Simon
Physics Section
Department of Nuclear Sciences and Applications
International Atomic Energy Agency

Aliz.Simon@iaea.org

Joint ICTP-IAEA-MAMBA School on 

Materials Irradiation:

from Basics to Applications

19 February 2025



Three Pillars 
- Main Areas of Activity

Safeguards & Verification

Safety & Security

Science & Technology
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Sustainable 
Development Goals

Atoms for Peace and Development
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Organization
Departments (6)
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Science and Technology

Food & Agriculture Human Health Science & Industry

Promoting food security 
and sustainable 
agricultural 
development

Improving the diagnosis 
and treatment of 
diseases and nutrition

Providing knowledge & 
expertise for
science & industry

Making more, and 
cleaner water available 
to more people

Understanding 
and protecting the 
environment

Water Resources Environment

Aliz.Simon@iaea.org
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Division of Physical & Chemical Sciences (NAPC)

Nuclear Data

Data Development

Data Services

Atomic & Molecular 
Data

Fundamental fusion 
data

Physics

Accelerator &  Research 
Reactor  Applications

Nuclear 
Instrumentation

Nuclear Fusion

Radioisotope Production 
&  Radiation Technology

Medical Radioisotope 
production, 

Radiopharmaceuticals

Radiotracers, NCS & NDT in 
industry

Terrestrial 
Environment

Radiation technology 
applications

Isotope Hydrology

Isotopic methods for 
groundwater 
assessment

Water resource 
management

Scenario modelling
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Radiation damage of materials

Nuclear Data Section

Development, maintenance and
dissemination of the relevant 

databases and models

http://www-nds.iaea.org/

RPRT Section

Electron, X-ray and Gamma irradiation 
of heritage objects

Nanoscale radiation engineering of 
advanced materials for potential 

biomedical applications 
Physics Section-Materials Science

Neutron-induced damages to materials 
High dose radiation effect on core 

structural materials
in advanced nuclear systems

Physics Section-Accelerators

Ion beam-induced damages of 
semiconductors and insulators

Radiation hardness of microelectronic 
devices

Physics Section-Accelerators

Radiation effects on  
Heritage  objects and materials



Small, Medium and Large-scale Research Facilities: 
Accelerators
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Physics Section Accelerator Sub-programme 
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Training

Material 
Analysis & 

Modification

Radiation 
Damage R&D

Forensic 
Science

Environment 
Monitoring

Cultural 
Heritage

Nuclear 
Instrumenta-

tion

Experiments 
RBI, Elettra

Publication 
AKP 

Cooperation

Management 
Strategy

Accelerator 
Application 

& 
Experiments



IAEA Physics Section: 
Database of world-wide 
research infrastructure

Neutrons: https://nucleus.iaea.org/sites/neutrons/
Fusion: https://nucleus.iaea.org/sites/fusionportal/
Instrumentation: https://nucleus.iaea.org/sites/nuclear-instrumentation/ 

Aliz.Simon@iaea.org

Accelerator Facilities
Total:  578 in 59 countries

Neutron Beam Instruments
Total:  579 in 58 countries

https://nucleus.iaea.org/sites/accelerators

https://nucleus.iaea.org/sites/accelerators/

https://nucleus.iaea.org/sites/neutrons/
https://nucleus.iaea.org/sites/fusionportal/
https://nucleus.iaea.org/sites/nuclear-instrumentation/Pages/Home.aspx
https://nucleus.iaea.org/sites/accelerators/


A new version is in preparation

Scientific, technical publications in the nuclear field | IAEA

https://www.iaea.org/publications


Aliz.Simon@iaea.org

Visit the IAEA Accelerator Knowledge Portal  “Case Studies” page
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Radiation hardness – lifetime of semiconductor devices
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Guidelines for the Determination of Standardized 
Semiconductor Radiation Hardness Parameters

Can be downloaded for free of charge from the IAEA website.
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Prof. Ettore Vittone
University of Turin, Italy
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IAEA E-learning on Quantum Science

Ion-beam Engineering of Materials for Quantum 
Technologies 

1. Fundamentals in Ion-Matter Interaction
2. Ion-beam fabrication and lithography
3. Basic concepts in quantum technologies
4. Single-photon emitters for quantum communication
5. Ion-induced defect engineering

for quantum technologies

https://elearning.iaea.org/m2/course/index.php?categoryid=175

Prof. Paolo Olivero, University of Turin, Italy



NUS 
Singapore

Ruđer 
Bošković Inst.  
Croatia

ANSTO 
Australia

Helsinki 
University 
Finland

CNA 
Spain

JAEA 
Japan

Peking University
China

University of Turin, 
Italy

Berkeley 
Laboratory

USA

Univ. 
Melbourne
Australia

University of 
Illinois USAIAEA F11020

CRP

2016-2022

IAEA Research project:

Ion beam induced spatio-temporal  structural evolution of materials: Accelerators 

for a new technology era CRP F11020 

Example I.

https://de.wikipedia.org/wiki/Datei:Flag_of_the_People's_Republic_of_China.svg


Aliz.Simon@iaea.org

Project objectives
To develop novel accelerator-based ion beam tools to induce and characterise

effects in the spatial and time domains for tailoring materials properties and

thus creating new materials towards quantum technologies.

- Ion beam driven materials design
with predictive capabilities

- Ion energies from keV to GeV
- Spatial resolution: atomic scale
- Time resolution: from femtosecond
- In-situ modification and analysis

Accelerator types:
- single-ion implanters
- ion beam accelerators
- laser-plasma accelerators

Key unifying theme: Accelerator techniques in 
the context of technological applications, near 

and far term

Example I.
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IAEA F11020 CRP Results

100+ scientific papers

100+ scientific talks

25 Master or PhD thesis

20 national workshops

15+ new projects 

by the project partners

Example I.



Major Topics

• IBA in fusion plasma-facing components and
materials, including combinations of different Ion
Beam methods;

• Fundamental aspects for simulating radiation
damage phenomena in materials for fusion energy
production;

• Modelling tools and software development
• A cross-section database for IBA in fusion

applications;
• A roadmap for future studies of fusion relevant

materials using ion-beam accelerators

A new CRP was launched in 2020    (F11023)

• Identify data needs and measure fundamental cross-
sections for nuclear reactions with fusion relevant
materials

• Identify data needs & measure stopping powers in
fusion relevant materials with Helium ions

• Define international standards for the analysis of
fusion-relevant materials

• Define and produce reference samples and apply
these samples for a Round-Robin Test in the IBA
fusion community

M. Mayer et al., Nuclear Fusion 60, 025001 (2020),
Special topic (review paper)

Development and Application of Ion Beam Techniques for 
Materials Irradiation and Characterization relevant to Fusion 

Technology (F11023 CRP)

Contact: S.Charisopoulos@iaea.org

Example II.
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Radiation Effects on Cultural Heritage Objects and 
Materials
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Disinfection and microbial decontamination
Brazilian weather conditions have been affected directly 

tangible materials

Natural disasters

Insects

Fungi attack

Courtesy of BumSoo HAN, IAEA Section of Radioisotope Products and Radiation Technology 



1) Liquid Resin Impregnation 2) Gamma Radiation-curing of the resin

Wood Consolidation by densification in two steps

Cobalt 60 source panel

Consolidation of porous artefacts

Courtesy of BumSoo HAN, IAEA Section of Radioisotope Products and Radiation Technology 



Characterization, dating and imaging (2D and 3D)

Aliz.Simon@iaea.org

• Identify the material(s) used to make an object

• Identify the age / chronology

• Identify 2D/3D structure

• Identify the technologies, e.g.
o soldering methods
o pigments
o surface coating
o ink and paint recipes

• Identify the source of materials
o provenance studies
o trading routes

• Understand the history of individual objects
o Corrosion
o modification and previous conservation

Sottili et al., 2022. https://doi.org/10.3390/app12136585

https://doi.org/10.3390/app12136585
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NAA

IBA

AMS
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Elemental mapping with micro-PIXE
The eye of the Virgin

Au Lα Pb Lα

Sn K Fe

The veil
Au Lα

AlSi Pb Lα

2 mm

Andrea Mantegna, “Madonna col 
Bambino”, oil on canvas,1490-1500, 
Accademia Carrara, Bergamo, Italy

2 mm

Sn K Fe

Si Al

Courtesy of Massimo Chiari, INFN-LABEC, Italy
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Authentication of the Maya Codex of Mexico 
(ex Grolier Codex)

elemental analysis and age determination
Universidad Nacional Autónoma de México, Mexico City, Distrito Federal, Mexico

11th-12th century

https://www.researchgate.net/institution/Universidad_Nacional_Autonoma_de_Mexico


PbSO4.3PbO.H2O

ZnO

PbCO3

CaCO3 / TiO2 CaSO4

PbCO3Pb(OH
)2

60 µm

130 µm

Courtesy of Lucile Beck
Université Paris-Saclay, France

Australian synchrotron high-definition X-ray fluorescence 
microscopy based image of a 16th-century Bronzino 
painting of Duke Cosimo de’ Medici (left) has revealed an 
underlying portrait as well as allowed detecting and 
mapping metals in paint pigments non-invasively (right). 

Source: Art Gallery of New South Wales (left), Australian 
Nuclear Science and Technology Organisation (centre and 
right)

Courtesy of Daryl Howard
The Australian Synchrotron (ANSTO) Melbourne 
Australia
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Understanding and Minimizing radiation damage
10.1016/j.trac.2023.117078
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Medical imaging - CT scan

Gibson, AP . Medical imaging applied to heritage . 
The British Journal of Radiology 96, No 1152 (2023) . https://doi .org/10 .1259/bjr .20230611
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Sebastian Schöder
Synchrotron SOLEIL, France

Speakers of this session

Franco Zanini
Elettra Sincrotrone, Trieste, Italy



Development of e-learning tools Available at: 
elearning.iaea.org

A new e-learning 

module is expected 

to be launched in 

Q2 2025.



Aliz Simon
Physics Section
Department of Nuclear Sciences and Applications
International Atomic Energy Agency

Aliz.Simon@iaea.org

Thank you!
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