]

l () 1AEA

=~

Joint ICTP-IAEA-MAMBA School on

Materials Irradiation:

from Basics to Applications

19 February 2025

Aliz Simon

Physics Section

Department of Nuclear Sciences and Applications
International Atomic Energy Agency

ATOMS FOR HERITAGE
Aliz.Simon@iaea.org —_—




Three Pillars
- Main Areas of Activity

- Safeguards & Verification

@@ Safety & Security

Lo
z@z Science & Technology

>

U

A

ﬁ;ﬁi} Aliz.Simon@iaea.org
IAEA




Sustainable
Development Goals

ZERD GDOD HEALTH

HUNGER AND WELL-BEING

CLEAN WATER
AND SANITATION

o

INDUSTRY, INNOVATION ‘I CLIMATE ‘I LIFE 1 LIFE ‘I PARTNERSHIFS
AND INFRASTRUCTURE ACTION BELOW WATER DH LAND FOR THE GOALS

Atoms for Peace and Development

{\ﬁi} Aliz.Simon@iaea.org
IAEA

SUSTAINABLE g™ "™
DEVELOPMENT %..;-*ALS




I Organization
Departments (6)

Nuclear Safety and
Security

Nuclear Energy

Technical

Cooperation and Application - e

i



Science and Technology

Food & Agriculture - Human H Science & Industry Water Resources Environment
Promoting food security Improving the diagnosis Providing knowledge & Making more, and Understanding

and sustainable and treatment of expertise for cleaner water available and protecting the
agricultural diseases and nutrition science & industry to more people environment

development
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Division of Physical & Chemical Sciences (NAPC)

Radioisotope Production

Nuclear Data Physics & Radiation Technology

Isotope Hydrology

Accelerator & Research . -
Data Development Reactor Applications Medical Radioisotope

production, :
Radiopharmaceuticals Isotopic methods for

groundwater
assessment

: Nuclear Radiotrac?rzzhlglgi & NDT in
Data Services Instrumentation

Water resource
Radiation technology management

Atomic & Molecular applications

Data Nuclear Fusion
Terrestrlal Scenario modelling
Environment

Fundamental fusion
data
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Radiation damage of materials

RPRT Section Physics Section-Accelerators
Electron, X-ray and Gamma irradiation E i e e
of heritage objects Heritage objects and materials
Nanoscale radiation engineering of
advanced materials for potential Physics Section-Accelerators

biomedical applications

Physics Section-Materials Science o ST UEEE ERIMELES o

semiconductors and insulators
Radiation hardness of microelectronic

Neutron-induced damages to materials ,
devices

High dose radiation effect on core
structural materials
in advanced nuclear systems Nt e [0 5 Sas e

Development, maintenance and
dissemination of the relevant
databases and models
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Small, Medium and Large-scale Research Facilities:
Accelerators
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I Physics Section Accelerator Sub-programme
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Application
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IAEA Physics Section:
Database of world-wide
research infrastructure

Accelerator-Based Electrostatic Synchrotron Light  X-ray Free Electron
Neutron Sources Sources Laser Sources

BNCT Facilities et

Accelerator Facilities Neutron Beam Instruments
Total: 578 in 59 countries Total: 579 in 58 countries

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

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 Knowledge Portal

AN INFORMATION EXCHANGE PLATFORM FOR SCIENTISTS,
INDUSTRIAL PARTNERS AND POLICY MAKERS

Worldwide Database
of Accelerators

Knowledge
Repository

Wnrks-panes
for Members
Events, News

A networking & Announcements

Platform
nucleus.iaea.org/sites/accelerators

A KNOWLEDGE RESOURCE FOR AND BY THE ACGELERATOR COMMUNITY

Improves collaboration opportunities
Increases the visibility of your work and laboratory
Promotes knowledge transfer within the Accelerator Community

Intarnational Atomic Enargy Agency For further infarmation an the Portal, facility updates
Afons fisr Peace i Develapment and enquiries please contact: Accel ontact-Poil

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/
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International Atomic Energy Agency

} s Physics Section The world seen with ions and neutrons

Manoparticles

Lost poelychromy
Mano-structure of Polymer Gold particles = and gilding Monitoring air pollution Interstellar
nanocrystalline materials  thin films recovered from water Mineral deposits Li-ion battery fuel cells of Neo-Assyrian ivories Forensics worldwide organics

T
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1 angstrom 1 nanometer 0,01 um 0,1 um 1 micrometer 10 pum 100 um 1 milimeter 1 meter 1 kilometer Tau 1ly
1 astronomic unit: 1 lightyear
average distance from Sun to Barth

visible spectrum
150 million km

By eye

Substrate

Single atoms Protein Lithium manganese 3-D structure Magnetic thin film Air quality Air particulate matter
structure oxide crystal (Stonehenge) and multilayer in a classroom ina 10x10 km*harbour area
lon beam devices
Water on Mars

micromachining

Visit the IAEA Accelerator Knowledge Portal “Case Studies” page

Aliz.Simon@iaea.org




I Radiation hardness — lifetime of semiconductor devices
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Guidelines for the Determination of Standardized
Semiconductor Radiation Hardness Parameters

8om
TCAD Electrical/structural
\/ characterization
Guidelines for Electrostatics \ PROTOCOL
S - Development of the model
the Determination : _—~ | IRRADIATION
SRIM . Analytical L
D f 5 t 3 " d ﬂ r'd i I E d Numerica Statistical
IST
Semiconductor Radiation — e ,j ——
Hardness Parameters ' 'STL;SGr IBIC .
Interface Prof. Ettore Vittone
University of Turin, Italy
|  MODEL |
E)aea 1
: IRy User
[TizrEeE Key parameters Fadiation hardness
Can be downloaded for free of charge from the IAEA website. (effective capture cross section) - device lifetime
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OPEN-LMS English (en) =

lon-beam Engineering of Materials for Quantum Technologies . . . N
& & Q & Prof. Paolo Olivero, University of Turin, Italy

New quantum technologies could open the door to transformational advances in secure communications, information technelogy and high precision sensors and provide new solutions to pressing challenges in fie
and security, shaping global development in the 21st century.

Accelerator-based techniques involve high-energy ions that allow us to create atomic-scale modifications, or defects, in materials such as silicon and diamond, or two-dimensional materials, such as graphene. Itisi
quantum states of these individual atomic-scale defects in the materials, which in turn gives us the capability to control single atoms, including the spin of electrons or nuclei. The result is new materials with the ch

advancing quantum technology.

The purpose of this e-learning course it to provide an overview and knowledge on fundamentals of materials Ion_beam Engineering Of Ma‘terials for Quantum

This tool is an output of the IAEA Coordinated Research Project F11020 “lon beam induced spatio-temporal structural evolution of materials: Acc T h 1 .

For additional information please contact: Aliz.Simon@iasa.org

or®) i Fundamentals in Ion-Matter Interaction

Ion-beam fabrication and lithography

Basic concepts in quantum technologies
Single-photon emitters for quantum communication
Ion-induced defect engineering

for quantum technologies

b WD =

Joink ICTR- IAEA Advanced Sehool on

Izn Beam Driven Materials Engil for @ New gy Era
1- 5 Oclober 2018 Mlmmare Triasta, italy

{ﬁ} Azsmeneizeacs - hitps://elearning.iaea.org/m2/course/index.php?categoryid=175



IAEA Research project: Example I.

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

for a new technology era CRP F11020

Univ.
Melbourne

Berkeley

ANSTO
Australia USA Laboﬂ%tic\)/gsity of
|IAEA F11020 lllinois USA
Ruder ? CRP
Boskovi¢ Inst. N
Croatia g L1 3 ]
Helsinki ¢ A6) & CNA
Universit3+ \{\\J Jzé'l’/ I Spain
Finland g
e :
JEA @ > G: NUS
Japan 2016-2022 Singapore

Peking University
China

il

University of Turin,
Italy



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

Example I.

I Project objectives

To develop novel accelerator-based ion beam tools to induce and characterise
effects 1n 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
Key unifying theme: Accelerator techniques in - lon beam accelerators

the context of technological applications, near - laser-plasma accelerators
ﬁ;ﬁi} Aliz.Simon@iaea.org and far term

IAEA




@ CRC Press
Taylor & Francis Group

Applications of Accelerators

in the Quantum Technology
Era e

David Jamieson
Andrew Bettiol
and André Schleife

{
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Contents

Preface
List of Contributors..

Chapter 1  Introduction to fon Beams and Quantum Technology ...........ccccoeeenee 1

David Jamieson

Chapter 2 Predictive Simulations of Electronic and Atomic Phenomena
of Particle Radiation ... 8

Flyura Djurabekova, Ville Jantunen, Aleksi Leino,
Kai Nordlund, André Schleife, and Yifan Yao

Chapter 3  Introduction to Single Ion Techniques with Focused
I0N BEAMS......cov et 58

Milko Jak§i¢
Chapter 4 Quantum Communication and Sensing Based on Colour
Centres in Wide-Bandgap Semiconductors...........coooviviiiiiiiiinn. 85

Andrew Bettiol, Sviatoslav Ditalia Tchernij, Takeshi Ohshima,
and Paolo Olivero

Chapter 5 Applications of lon Irradiation for Thin-Film Oxides ................... 106

Xuepeng Xiang, Xinwei Wang, and Yan Chen

Chapter 6 Single Implanted lons for Qubits: Technology
and ApPHCAtIONS .....oocoiiiiiii e 124

David Jamieson
Chapter 7 Dynamics of Radiation Effects in Silicon Studied with
Pulsed Ton Beams and Ion Beam Induced Charge Collection ......... 138

Javier Garcia Lopez, M. Carmen Jimenez Ramos,
Adridn Garcia Osuna, Mauricio Rodriguez Ramos,
Arun Persaud, Qing Ji, and Thomas Schenkel

TIEX ..ot ettt 155

Example |.

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 II.

Development and Application of lon Beam Techniques for
Materials Irradiation and Characterization relevant to Fusion
Technology (F11023 CRP)

Major Topics

IBA in fusion plasma-facing components and
materials, including combinations of different lon
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

BOP Publishing | intemational Atom: Eneqgy Apsncy Muclear Fusion

Mot Fusion 60 (2020) 025001 {20pp) T o oogy 10 V0B 2 12386 abaa1 7

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

lon beam analysis of fusion plasma-facing

materials and components: facilities and
research challenges

Special Topic

M. Mayer'®, S. Méller’, M. Rubel'®, A. Widdowson'®, S. Charisopoulos®,
T. Ahlgren®C, E. Alves’, G. Apostolopoulos®®, N.P. Barradas®,

S. Donnelly”, S. Fazini¢'”, K. Heinola®, 0. Kakuee'', H. Khodja'?,

A. Kimura'*®, A, Lagoyannis'', M. Li"%, 5. Markelj'“®, M. Mudrinic'’,

P. Petersson’, |. Portnykh'®, D. Primetzhofer'?, P. Reichart’”, D. Ridikas®,
T. Silva’l), 5.M. Gonzalez de Vicente® and Y.Q. Wang™

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

Contact: S.Charisopoulos@iaea.org



Radiation Effects on Cultural Heritage Objects and
Materials
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IAEA

International Atomic Energy Agency
Atoms for Peace and Development

Revealing secrets of our heritage with nuclear science

A fossil fly pupa (yellow) with ;
a parasite wasp (blue) inside

-
e

Advanced 3D imaging with X ray
Artefacts sl micro-computed tomography i
treatment Chal‘aC_tEI‘IS:dtIOFI The state of conservation ﬁwifg
: and Imaging of fossils is assessed and ancient
species can be studied
Egyptian mummy Read more » Read more »
lonizing radiation (gamma radiation), .
penetrating the entire volume of the object Ler whg#zp:g&r:e;})%:g
{2 Insects and fungi can be 3 -
efficiently killed : 3D imaging with X ray
3 micro-computed tomography
. (% The text on this ancient manuscript
3 I can again be read, without damage
: E to the original
3 i . Old Woman Praying,
: ) : ; Rembrandit, 1629/30
-7 Mesopotamian figurine, . 3 {5 Macro-X ray fluorescence
dated to the 2nd millennium B.C. = s “" scanning (XRF)
i Particle Induced X ray Emission (PIXE) Authentication [ Gain detailed insight into the technique
i, and detection - and the pigments used
|| Suspicious traces of lime cement,
~ applied recently to the surface of fakes and
looted artefacts safe
Read more ACCELERATORS examination @ =
FOR HERITAGE & ke '
objects NSRRI
" Re e
. Contraste de formes, allegedly '
by Fernand Léger e
" Rock crystal skull, allegedly @ g“e't?n'?‘n‘;"based iass The Meagre Company,
pre-Columbian e tragdt . Frans Hals and Pieter Codde, 1637
Accelerator-based Elastic Recoil = fD ake"'""’"s e o oe Zaﬁ Radiation-based
Detection Analysis (ERDA) Dy raciacartn ety e techniques
| | Demonstrated that the skull was @ Object @ Technique @ Result Gain safe insights (]
carved after the 19th century 5 of heritage objects

Contributers (list here) | for further information please contact: Aliz.Simon@iaea.org
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I Disinfection and microbial decontamination

Brazilian weather conditions have been affected directly
tangible materials
Insects B &

LJ‘“

Fog |

Natural disasters _ (=)
ipen

f“;@ Alzsmen@iaeacrs - Coyrtesy of BumSoo HAN, IAEA Section of Radioisotope Products and Radiation Technology



Consolidation of porous artefacts
Wood Consolidation by densification in two steps

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

ARC-nucleill

Atelier de Recherche et de Conservation

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



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

« |dentify the material(s) used to make an object
« Identify the age / chronology
* Identify 2D/3D structure

« ldentify the technologies, e.qg.
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

ﬁﬁi} Aliz.Simon@iaea.org
IAEA
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Prompt y-ray

Biosphere

Delayed y-ray

B-particle

Contents lists available at ScienceDirect

Forensic Science International

r
ER journal homepage: www.elsevier.com/locate/forsciint

ELSEVI

Addressing forensic science challenges with nuclear analytical
techniques - A review

A. Simon ™, N. Pessoa Barradas *, C. Jeynes ", F.S. Romolo ©

Table 2. Summary of characteristics of selected analytical techniques.

The values are indicative only of typical performance that may be achieved.

... .. Test portion - .
Technique ! Measures ISem‘IIJVIty may be Depth. :?uantltahve Inforuzauun Imaging Depth -
returned ® profiling depth resolution
NAA up to 70 elements| 10 Yes No Reference®  bulk No® -
NDP light isotopes 103 Yes Yes Standards& 10 mm No 20nm
N-imaging | structure 102 Yes Radiography No7 bulk Yes 10 pm
NR structure 103 Yes Interference Reference  10mm No 5nm
¥ . structure 102 Yes Interference Reference bulk No 5nm
scattering
EBS all elements 10 Yes Yes Total-IBA®  10mm Yes Snm
ERD all elements 102 Yes Yes Total-IBAS 500 nm Yes 5mm
HI-ERD all elements 103 No* Yes Standards 100 nm No 2nm
HR-PIXE  |all elements 104 Yes Model Total-IBA®  20mm Yes 50 nm
NRAPIGE |light isotopes 104 Yes Yes Total-IBA® 500 nm Yes 5nm
PIXE all elements 10 Yes Model Total-IBA®  20mm Yes 501m
RBS all elements 10 Yes Yes Reference  10mm Yes Znm
HE-SIMS | molecules 10+ No No No 100 nm Yes 1ym
Total-IBA | all element: 104 Yes Yes Total-IBA®  10mm Yes 2nm
Relative
AMS ;:E:]’]’]‘:ﬂ‘e’ No No isotope  N/A Rare  N/A
Tatios
GI-XRF structure 103 Yes Interference Reference 50 mm Yes 2nm
XRR structure 10+ Yes Interference Reference  1mm No 2nm
AES all elements 10 Yes Sputter Standards ~ 50nm No Znm
EPMA all elements 104 Yes Model Standards ~ 2mm Yes 20nm
GD-0ES all elements 107 No Yes Reference 50 mm No 50nm
TAICP-MS |31l elemants 107 Nn Vo Reference 1N mm Vos SN nm
SAM all elements 10 Yes Sputter Standards ~ 50nm Yes 2nm
SE structure 104 Yes Model Reference 10 mm No 1nm
SEM topography 10 Yes Model Standards ~ 2mm Yes 100 nm
SIMS slements, 107 No Sputter  Standards  100mm Yes 2mm
molecules
XPS all elements 10°¢ Yes Sputter Standards ~ 50nm No 0.5nm
XTEM all elements 102 No Xsection Standards 500 nm Yes 0.1nm




Elemental mapping with micro-PIXE

Andrea Mantegna, “Madonna col
Bambino”, oil on canvas,1490-1500,

O Accademia Carrara, Bergamo, Italy
N e Aliz.Si iaea.
IAEA i Simon@iaea.crg Courtesy of Massimo Chiari, INFN-LABEC, Italy



I Authentication of the Maya Codex of Mexico
(ex Grolier Codex)

11th-12th century

Q Search Video Rewards
The Telegraph HOME = NEWS = sP

Calendar Age (calAD)
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Radiocarbon Age BP
) _j
elemental analysis and age determination ’

) azsmonereaogUniversidad Nacional Auténoma de México, Mexico City, Distrito Federal, Mexico

IAEA



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

CaCO, / TiO, CaSo, Zno

1130 ym

PbCO.Pb(OH PbSO,.3Pb0.H,0

Australian synchrotron high-definition X-ray fluorescence
microscopy based image of a 16th-century Bronzino & 3
painting of Duke Cosimo de’ Medici (left) has revealed an N
underlying portrait as well as allowed detecting and 3

@ um

mapping metals in paint pigments non-invasively (right).
Courtesy of Lucile Beck

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

Courtesy of Daryl Howard
The Australian Synchrotron (ANSTO) Melbourne

Australia



Understanding and Minimizing radiation damage

ACCELERATORS

FOR HERITAGE

SAFE

< ANALYSIS
"% OF CULTURAL
9" AND NATURAL
* HERITAGE OBJECTS
AND MATERIALS

Developing good practice for minimizing
radiation-induced side effects

IAEA

ticnal Atom < Esergy Agency
Peacr and Development

swelling

g
gas

mobile

dislocation

loop ote
clusters

crater sputtering

1on
Y
mtpmtles P

L~ cascade
it

/
stacking fault
tetrahedron

Overview of the various defects that can occur
as a result of particle-matter interactions

DETECTION

A priori knowledge

Damaging effects to data versus
to object

Is there any change?

MONITORING

MITIGATION

Customising experiments
and data analysis
Intervening during
the experiment

INTERPRETATION

ing during
+ Using the primary probe
* Using complementary
in-situ techniques
Measuring post experiment

ing the absorbed dose
Determining dose-effect
relationships

Exploring mechanisms
Identifying critical parameters

Flywra Djurabekova, University of Helsinki

10.1016/j.trac.2023.117078

3 TAC

TrAC Trends in Analytical Chemistry
Available online 4 May 2023, 117078 "y

LLSL\ ILI{‘ In Press, Journal Pre-proof  (2) What's this? 2

Practical advances towards safer analysis of heritage
samples and objects

Loic Bertrand * 2, =, Sebastian Schéder ®, Ineke Joosten ¢, Samuel M. Webb ¢, Mathieu Thoury ¢,
Thomas Calligaro f, Etienne Anheim 8, Aliz Simon

Show more

+ Addto Mendeley o2 Share 33 Cite

https://doi.org/10.1016/j.trac.2023.117078 » Get rights and content




ACTA IMEKO
ISSN: 2221-870X
September 2024, Volume 13, Number 3, 1-8

IAEA fostering of the development and applications of
nuclear analytical techniques for Heritage Science

Léna Bassel', Alessandro Migliori?2, Roman Padilla-Alvarez?, Aliz Simon?

1 Physics Section, Division of Physical and Chemical Sciences, International Atomic Energy Agency, Vienna International Centre, Wagramer
Strasse 5, PO Box 100, 1400 Vienna, Austria
2 Nuclear Science and Instrumentation Laboratory, International Atomic Energy Agency Laboratories, A-2444, Seibersdorf, Austria

ABSTRACT

The IAEA Physics Section is strongly involved in the development and utilization of accelerator-based analytical techniques, which are
powerful tools for the characterization of cultural and natural heritage objects and materials. Various activities are carried out with the
purpose to build capacity, strengthen capabilities, transfer knowledge and foster networking in the field of heritage science. In addition,
access to different X-ray fluorescence spectrometers and other analytical techniques is provided at the Nuclear Science and
Instrumentation Laboratory (part of the IAEA Physics Section), and access to ion beam accelerators and synchrotron light is facilitated
thanks to collaborations with Ruder Boskovic Institute (RBI) in Croatia and the Elettra Sincrotrone facility in Italy, respectively. Member
States are also supported on their Research and Development programmes, as well as through the technical cooperation projects. This
paper aims to provide a broad overview about how the IAEA Physics Section is engaged in the field of heritage science, promoting the
safe, reliable, and effective use of ion beam, X-ray and neutron-based techniques for the characterization and preservation of cultural
and natural heritage through its global networks and partners.

ﬁ;;\;} Aliz.Simon@iaea.org
IAEA



I 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

ﬁﬁi} Aliz.Simon@iaea.org
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I Development of e-learning tools ~valable at

ACCELERATORS
FOR HERITAGE

SAFE

ANALYSIS

OF CULTURAL

AND NATURAL
HERITAGE OBJECTS
AND MATERIALS

Developing good practioe for minimizing
radiation-induced side effects

A new e-learning
module is expected
to be launched in

Q2 2025.

elearning.iaea.org

Course categories.

[Nuclear Technology & Applications / Sciences and Applications / Nuclear Techniques

Search courses: Go

Introduction to X-Ray Emission Spectrometry [«

X-ray spectrometry technigues are nowadays widely used in many analytical applications. The different
interactions of x-rays with matter have served to provide useful ion for i i of
materials, including: Elemental composition (x-ray characteristic emission); Mineral composition (x-ray diffraction);
Chemical speciation (x-ray ion near edge ); Density (x-ray attenuation and phase contrast
tomography); Spatial distribution of elements (micro and confocal x-ray flucrescence, x-ray selective absorption
tomography); and Characterization of layered structures (x-ray reflectometry, grazing incidence x-ray emission).

This course aims at the reader to of several x-ray Due to the
common need for elemental composition analysis, emphasis is made on Energy Dispersive x-ray Fluorescence,
which constitutes an affordable option for IAEA Member States laboratories. This course is addressed to
specialists and managers of laboratory facilties willing to incorporate x-ray spectroscopy techniques into their
research and services. Managers will benefit from general on the iliti and
limitations of the Their required for the i can be identified, as well as the needs for specialized training and
capacity building. Specialists working in applied research and analytical services will leam on the capabilities of the techniques for different
applications and analytical tasks.

Introduction to in-situ techniques for radiological characterization of sites [«

The use of in-situ techniques in environmental monitoring has increased during the last years. However, there is an uneven
level of experience and access to such techniques in the IAEA Members States. The IAEA has a vision that its Member States

will eventually have in place a proper i and ies for ization of the sites in a timely,
safe and cost-effective manner. Aligned with this vision the INSITU Working Group was created within the IAEA Network of
i and ion (ENVIRONET), te produce a variety of products and services aimed at

facilitating and increasing the exchange of information and experiences in the specific field of in-situ methods for
characterization of sites. The ultimate goal of this group is to build capacity in the different IAEA Member States and to
# facilitate the full implementation of remediation projects.

This course is to different involved in envir impact and i Public or groups,
i Junior i and graduate: level, envi ing laboratory . managers, regulators,
i and

For additional information please contact: nsil@iaea org

rd

f The objective of the course is to increase human capacity building in Neutron Activation Analysis (NAA), as well
as to contribute to the overall sustainability of the technique. The e-leaming tool is directed at young specialists or
beginners without sufficient experience of ing NAA , and it covers all aspects of NAA

Neutron Activation Analysis

The course can also be used by i who want to or use another variety of NAA,
professional technicians and analysts, users of NAA and other stakenolders who wish to understand the
techniques better, professors teaching nuclear sciences and applications & nuclear analytical techniques,
undergraduate and graduate students interested in nuclear sciences and applications & nuclear analytical
techniques, and facility managers or supervisors who have to make decisions for an NAA system at their neutron

source.

Product of TCAP. The development of this e-leaming was supported by the IAEA Technical Cooperation Department through projects RAS0075,
RAF1005, RER1016 and RLA1012

To enrol in this course, send an email to RRAppl.Contact-Point@iaca.org - please mention the IAEA NAA eleaming

[«

Neutron and ion beam nuclear analytical techniques have provided unique information in many fields due to their
- multi-elemental sensitivity. low limits of detection, ability to provide spatially resolved and/or quantitative profiling of
trace elements, and, very often, traceabilty of results.

Nuclear Analytical Techniques for Forensic Science

Although these analytical techniques are readily available and routinely applied in research, there is still a
considerable gap when it comes to routine forensics applications.

The purpose of this e-leamning tool is to help to bridge the gap between the practitioners of nuclear anal
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Thank you!

Aliz Simon

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

Aliz.Simon@iaea.org
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