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Particle accelerators: Tools for research & innovation

A host of innovative techniques for the solution of societal problems

ranging from cancer therapy to environmental monitoring and a wide

spectrum of industrial applications ranging from materials processing to

biotechnology are based on the use of particle accelerators

❖ Accelerator labs play key role in capacity

building by providing education and training

in high-tech sectors and, on the long-term,

to the increase of competitiveness of local

economies.

❖ Accelerator labs enhance interdisciplinarity:

They offer access to key scientific tools to

users from diverse disciplines acting this

way as hubs towards creating critical mass

and enhancing coordinated research at

national level.
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Report.pdf (osti.gov)

https://science.osti.gov/-/media/hep/pdf/accelerator-rd-stewardship/Report.pdf?la=en&hash=4C255E1ED19B65387F6A21910FDD5C16E9FC2A36#:~:text=%E2%80%9CAccelerators%20for%20America%27s%20Future.%E2%80%9D,day%20symposium%20and%20poster%20session.


The impact of accelerators on society

❖ More than 400 B€ of end products are produced, sterilized 

or examined with industrial accelerators annual, worldwide

❖ More than 80000 patients have been 

treated by hardon therapy worldwide
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What is a particle accelerator ? 

❖ An accelerator is a “machine” providing (potential) energy to a “charged particle” (projectile) to increase its

velocity (kinetic energy) and bombard a “target” in order to investigate or take advantage of physical

phenomena. The projectile’s kinetic energy is increased by applying electromagnetic fields.

❖ There are two basic classes of accelerators: electrostatic and oscillating field accelerators. The electric fields

serve to provide energy, whereas magnetic fields to constrain the path/orbit of the accelerated particle.

Electrostatic accelerators use static electric fields

to accelerate particles. Hereby, the maximum

kinetic energy is limited by electrical breakdown.

Single-stage accelerators 

Tandem accelerators

(linear shaped)

Oscillating field accelerators apply radio-frequency

electromagnetic fields to accelerate particles and

circumvent the breakdown problem

LINACs

Cyclotrons

Synchrotrons – Colliders

(linear- or circular-shaped)
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The single-stage (-ended) Van de Graaff accelerator
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A cylindrically-shaped tank contains an up-charging system, an almost spherically-

shaped metallic structure (high-voltage terminal, the dome), an acceleration tube

and one or more RF-based ion sources. A belt transports positive charge to the

terminal. Charge is transferred to belt using a comb of needles attached to a

proper power supply (+10 kV). A second comb attached to the terminal serves to

transfer the positive charge from belt to the dome.

The sources are inside the tank and provide positively-charged ions 

that feel the repulsive Coulomb force from the terminal and are then guided to the

acceleration tube (under vacuum). The high-voltage is distributed uniformly along

the tube using closely-spaced equipotential rings surrounding the tube.

The kinetic energy E of the accelerated ions is Ε = qion×Vterminal
Usually, an analyzing magnet is installed after the tank to separate ion species with

different masses. To achieve high voltages, a tank filled with dry and purified SF6

gas under high pressure encloses the accelerator.

✓ Ion beams with good 

intensities for many 

applications

✓ Electron beams 

possible

❖ Sources inside the tank                                          

=> maintenance requires tank “opening” 

=> time consuming process

❖ Standard ion-sources provide mostly ions 

from gasses => limitation in ion species.  

KN 3.75 MV VdG @ CRNA, Algiers 



The TANDEM Van de Graaff accelerator 
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Bigger structure but similar to single-stage VdG; similar positive charging

system, a sphere-like metallic high-voltage dome, an accelerating tube.

Ion sources are outside the tank providing negatively-charged ions. 

In most cases, two types of ion sources, a plasma-based for gases & a second

one based on ion-sputtering for compounds or metals.

An analyzing magnet is installed after the tank. A less-stronger (inflector)

magnet is between the ion sources and the tank to purify the ions from

admixtures of the material placed into the sources to produce the ion beams.

The TANDEM principle: An ion stripping system at the center of the tank: ions passing through a thin carbon foil or gas are stripped,

i.e. they become negative ions with at least one additional electron. Stripping results in much higher ion-beam kinetic energies

compared to singled stage accelerators. The final kinetic energy of the ions is Ε=(qion+ e) × Vterminal

✓ An easy-to-maintain accelerator ❖ Less intense gaseous beams (especially 4He) compared to Single-stage VdG

Accra

1.7MV Pelletron Ile-Ife 1.7MV Pelletron 

Somerset West

3 MV Tandetron 

& 6 MV EN HVEC Tandem @ Gauteng 



Cyclotrons
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Two D-shaped semi-circular cavities (the Dees) are inside a strong uniform magnetic field created by

two electromagnets. An alternating voltage is applied between the Dees. An ion source located

between the Dess, at the centre, provides protons, deuterons or heavier ions, which see a centripetal

force, gain speed and move outwards forming a spiral path until reaching an opening and leave the

accelerator to bombard a target. The alternating voltage applied to the Dees has a frequency equal

to the orbital frequency of the circulating ion.

• Ion source: produces particles to be accelerated
• Magnet: keeps particles on 

a circular motion
• RF system: accelerates ions 
• Extraction system: guides 

particles out of the cyclotron

K200 Separated Sector Cyclotron, 
iThemba LABS, Somerset West, South AfricaMGC-20, Cairo, Egypt

K11, iThemba LABS

Somerset West, SAF



LINACs, Synchrotrons, Colliders
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Oscillating field accelerators: Ions or
electrons move in linear (LINACs) or
circular paths (Synchrotrons); they can
cross their path and interact (Colliders);
When bending magnets change path of
electrons then X-rays are emitted
(Synchrotron Light Sources)

RICH, 

Brookhaven, 

USA



Accelerators and their main users 

❑ Though first invented and employed in early 20th century, electrostatic accelerators are still in business thanks

to severe technological improvements that led to a superior performance and a cost-effective operation.

❑ The vast majority (more than 25.000) of the accelerators operating worldwide are dedicated to specific

industrial applications. These are mostly ion implanters, e-beam machines and a good number of cyclotrons.

As such they do not offer access to external users.

❑ Bigger machines such as synchrotrons, large-scale linacs and heavy ion facilities are almost exclusively

national or international research installations offering beam time, mainly for fundamental research and R&D

in general. However, many of those host interdisciplinary applications-oriented research programs

❑ Electrostatic accelerators (especially tandems) receive a rapidly growing interest also from the industrial sector

due to the increased analytical capabilities of the ion beams they provide.

❑ Electrostatic accelerators, (notably tandems), are now available with a superior beam-energy resolution (below

1 keV) and an excellent terminal voltage stability (better than 0.01%). When equipped with state-of-the art

ion-sources, they can deliver high beam currents, of up to 2 mA. They are easy to maintain and thanks to

modern electronics and software they can be operated by students! In most cases open to external users.

❑ DC Voltage accelerators implement now modern technologies in their operation. As such, they provide an

excellent training environment for highly-specialized personnel to be employed by high-tech companies.
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IAEA and Particle Accelerators
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❑ The IAEA supports its Member States in strengthening their capabilities to

adopt accelerator technologies and benefit from the use of accelerators

❑ Activities focusing on accelerator-based research and applications in multiple

disciplines are being implemented by the Physics Section

❑ Among these, activities facilitating access to accelerator facilities and capacity

building are of key importance and of primary interest



IAEA tools to support accelerator-based research & applications
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• Consultancy Meetings: 5 to 10 experts are invited to provide specialized advice and recommendations on

particular scientific or other aspects of relevance for the IAEA's programmes and activities.

• Technical Meetings: Technical events with 30-40 participants, aiming at enhancing interaction among experts,

share knowledge and expertise, establish scientific collaborations and create topical networks.

• Coordinated Research Projects (CRPs): Networks of 10-15 research institutes from developed and developing

countries that work in coordination for 3-5 years to acquire and disseminate new knowledge/technology.

Periodic meetings are organized to report progress and plan/coordinate future activities.

• Training Workshops, Courses and dedicated Schools: Events enabling participants to acquire specific

knowledge – theoretical or practical or both – on a given subject of interest. Organized at IAEA laboratories,

ICTP Trieste, or at labs in member states

• Publications of technical documents and guides: Publications of reported results, shared good practices and

lessons learned; produced by CRPs or Technical Meetings.

• National, regional, interregional Technical Coordination (TC) projects: projects to build capacity via Expert

Missions, training of personnel, purchase of equipment, assistance in establishing new facilities, …



disseminating expertise in accelerator technologies
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The IAEA Physics Section: 

❑ facilitates hands-on training of scientific and technical personnel in accelerator operation and maintenance

❑ assists in refurbishment and modernization of beam lines and associated instrumentation

❑ assists in feasibility and design studies and the preparation of business and strategy plans

❑ provides technical support in specifications, procurement, installation, repairs & upgrades of experimental devices.

collaboration

with TC Dept.

• Algeria

• Egypt

• Ghana

• Nigeria

• South Africa

• Bangladesh

• Croatia

• Jordan

• Lebanon

• Mexico

• Slovakia

• Syria

• Thailand

Accelerator

facility in Jordan Accelerator

facility in 

Lebanon

Support in procurement of the 1.7MV Pelletron

accelerator; technical assistance in starting up

the laboratory and the development of a new

beamline for a nuclear microprobe; additional

upgrades of the accelerator & setups; training

of staff in accelerator technology and ion beam

analysis.

Accelerator facility in Bangladesh

Accelerator

facility in Thailand



facilitating access to state-of-the-art accelerator facilities 
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IAEA – Elettra (Trieste) Cooperation Agreement

❖ Joint IAEA-Elettra XRF Beamline

❖ Dedicated beam-time for users; So far, more than 

20 research groups from more than 18 Member 

States conducted experiments  

❖ Recent beamline and end-station improvements

❖ UHVC ‘Mirror Facility’ commissioned at NSIL, 

Seibersdorf for pre-experiment training 

❖ In 2018, Training Workshop held in SESAME, 

Jordan, with remote connection to Elettra
❖ New He ion source for dual-beam irradiation 

capabilities commissioned (fusion research)

❖ 20 days of beamtime available, annually, for 

research groups from developing countries

❖ Biannual hands-on training courses on: 

➢ Electrostatic accelerator technology and associated 
instrumentation, incl. operation &  maintenance 
(Dec. 2019; Nov. 2021-virtual)

➢ Advances in Ion Beam techniques & their 
applications (March 2021-vIrtual, next in Nov. 2022)

IAEA – RBI (Zagreb) Cooperation Agreement



G42008:  A CRP facilitating experiments with Ion Beam Accelerators
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Budget: ≈400 k€/5 yrs;  2019 --> 2024

❑ Transnational access to IBA facilities across the world for

researchers without local access to an accelerator

❑ Currently, 11 accelerator laboratories distributed in different

geographical areas, where potential users are most expected

❑ Travel grants to external non-local users after submission and

successful evaluation of a research proposal to/by the IAEA

and acceptance by the host laboratory.

❑ some support to beam providing labs for consumables

• PIXE/PIGE

• μ-PIXE

• RBS, Channelling 

• NRA

• (ToF)-ERDA,

• MeV SIMS, 

• AMS 

• Nuclear reaction studies

So far

10 experiments 

at 

7 beam providers 

• Archaeology

• Materials science

• IBA/Nuclear 

physics

IBA/Nuclear 

Techniques covered

• Geology (2)

• Air quality (3)

• Biomedicine

• Agriculture

The launch of this CRP was recommended by 

experts in a Consultancy Meeting (March 2018)



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)

Technical Meeting on Advanced Methodologies for the Analysis of Materials in

Energy Applications Using Ion Beam Accelerators 8–11 October 2018, Vienna  
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Cross section measurements of 3He-induced reactions  

Target isotope:  7Li 9Be 10B 11B 12C 13C 

3He beam energy range 1 – 6 MeV (Step: ≤ 100 keV)  

Target isotope:  D 14N 15N 16O 

3He beam energy range  1 – 6 MeV (Step: ≤ 100 keV)  

Proton-induced reactions to validate existing c.s. data 

Target isotope: 7Li 9Be 10B 11B 

Proton beam energies  0.1 – 4.5 MeV 

  
Range of angles  120O – 175O 

 

Stopping Power Measurements 

Target element: W Be Mo Fe (α phase) 

B
ea

m
 

H 

Beam                 

energy                   

range 

20 keV – 2 MeV 

He 40 keV – 8 MeV 

Cu 1 -25 MeV 

I 2 – 40 MeV 

Target type:  thin film, layer, or bulk 
 

Sample:    D-implanted W 

to detect: D vs. depth 

Sample:    D decorated 

 self-damaged W 

to detect: D vs. depth 

Sample:    Be coated W 

to detect: Be thickness 

Sample:    JET tiles 

to detect: Deposits 

 

Tab. 1: Measurements

Tab. 2:

Reference samples 

for Round Robin

CRP F11023:  Measurements and Timeplan
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training young scientists and accelerator operators
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Training Workshop: Hands-on Operation & Maintenance of Electrostatic Accelerators;  RBI, Zagreb, Croatia 9-13 Dec. 2019

✓ Accelerator controls, control software, voltage measurements and stabilization (CPU – GVM –
slits), Dew point measurements, Magnetic hysteresis evaluation, Terminal voltage calibration.

✓ Vacuum systems: setting up & measurements, leak detection, RF & DC discharges in gases.
✓ Ion sources: beam extraction, beam current measurements, changing source parameters,

element selection & optimization, changing Duoplasmatron operation (negative <-> positive)
✓ Beam optics: Basic theory, beam focusing & steering, quadrupole alignment, beam brightness

and size measurements.

Training Workshop: Advances in Ion Beam Techniques and their Applications (Virtual), RBI, Zagreb, Croatia, 1-5 March 2021

https://iaea.mediasite.com/Mediasite/Play/
34c433d4f5d94d3b8c4d4bc9d61d91751d

Intro-lecture (60-90 min) – Demo video (≈20 min.) – Discussion/Questions/Exercises (90 min) – Homework (data analysis)
36 trainees (10 from Africa) – [17 female] – 16 Member States

https://iaea.mediasite.com/Mediasite/Play/
ec54d43e7daf4363956e27973ea868f91d

https://iaea.mediasite.com/Mediasite/Play/
cce1c0260e7e4db68866180cac19785b1d

https://iaea.mediasite.com/Mediasite/Play/
12ff0d7033f4499382de89694a57339f1d

https://nucleus.iaea.org/sites/accelerators/Pages/IBA-video-demonstrations.aspx

https://iaea.mediasite.com/Mediasite/Play/34c433d4f5d94d3b8c4d4bc9d61d91751d
https://iaea.mediasite.com/Mediasite/Play/ec54d43e7daf4363956e27973ea868f91d
https://iaea.mediasite.com/Mediasite/Play/cce1c0260e7e4db68866180cac19785b1d
https://iaea.mediasite.com/Mediasite/Play/12ff0d7033f4499382de89694a57339f1d
https://nucleus.iaea.org/sites/accelerators/Pages/IBA-video-demonstrations.aspx


Topics
• Introduction to electrostatic accelerators and 

their operation

• Ion sources and vacuum systems at 

electrostatic accelerators

• Ion-beam optics, beam focusing, and 

monitoring devices

• Introduction to low energy nuclear reactions

• Ion-beam analytical techniques

• Selected ion-beam based applications

• Modern detector technologies

• Basic software for data analysis and 

accelerator control

7 Lecturers

(22 lectures; 4 hrs excercises on PC)

17 Trainees <age>=33;   1/3 females

Argentina (1), Cameroon (1), Egypt (1), 
Ghana (1), Greece (1), India (3), Iran (2), 

Lebanon (1), Nepal (1), Senegal (1), 
South Africa (1), Ukraine (1), Uzbekistan (2) 

2 Lab visits (full day)

• Laboratori Nazionali di Legnaro, Italy

• Jozef Stefan Institute, Ljubljana, Croatia

http://indico.ictp.it/event/8728/

training young scientists and accelerator operators
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http://indico.ictp.it/event/8728/


Management of databases and thematic portals
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• Accelerators:
https://nucleus.iaea.org/sites/accelerators/

• Research reactors:
https://nucleus.iaea.org/RRDB/

• Fusion:
https://nucleus.iaea.org/sites/fusionportal/

Accelerator Knowledge Portal

❖ 3135 visitors/users in 2018

❖ ≈1700 accelerator-based facilities

❖ New entries: 1270 med. cyclotrons

and 91 AMS facilities

❖ Planned to add proton/hadron

therapy facilities and RIB facilities

❖ Includes case studies with Neutron

and Ion Beam techniques

Interactive maps of accelerators 

and other facilities 
https://nucleus.iaea.org/sites/accelerators/

https://nucleus.iaea.org/sites/accelerators/
https://nucleus.iaea.org/RRDB/
https://nucleus.iaea.org/sites/fusionportal/
https://nucleus.iaea.org/sites/accelerators/
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Scientific events in cooperation with the IAEA



Publication of technical documents/reports & e-learning
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2019 2021

https://elearning.iaea.org/m2/course/index.php?categoryid=108

Introduction to electrostatic 
accelerators: from basic principles 

to operation and maintenance

• The electrostatic accelerator
• Ion sources
• Beam transport
• Vacuum
• Safety considerations

recommended for students, laboratory 

staff, and users of these facilities.

https://elearning.iaea.org/m2/course/index.php?categoryid=108
https://elearning.iaea.org/m2/course/view.php?id=761


The IAEA Ion-Beam Accelerator Project
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Ion Beam Accelerator 

at Seibersdorf

A feasibility study for the establishment of an ion beam accelerator has been
performed to assess whether and, if so, how the acquisition and operation of an
accelerator in Seibersdorf could match the NSIL’s mission and existing programme for
capacity building as well as the provision of services across many fields of relevance to
the IAEA and its Member States.

The analysis of countries’ current needs for training and ad hoc services was conducted
based on the evaluation of interviews given by IAEA internal stakeholders and a
questionnaire completed by external stakeholders. More than 60 replies from almost
40 Member States were received. The topics demanded the most include:

Training in ion sources, 

vacuum systems, end 

stations and IBA

Services: IBA for bulk 

analysis of air pollution, 

trace elements in 

reference materials 

Applied research: a) IBA of air

quality, archaeological samples,

minerals, b) 2D&3D imaging

and spatially resolved analysis

using a microprobe.
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Thank you!
S.Charisopoulos@iaea.org

N.Skukan@iaea.org

mailto:S.Charisopoulos@iaea.org
mailto:N.Skukan@iaea.org

