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Introdction

What is Accelerator Physics?

A Study of particle accelerators: design,
operation, and applications.

A Enabling breakthroughs in science, medicine,
Industry, and security.

A Vital for nuclear physics, radiation therapy,
materials science, and more.
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Introdction

Worldwide Distribution of Different Types of Particle Accelerators
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https://www.iaea.org/newscenter/news/what-are-particle-accelerators

Accelerator physics
in Africa

Africa's Journeyin Accelerator Science

A Steady research growth
since the late 1990s, peaking
in the 2010s.

A Challenges:
limited infrastructure, funding,
and expertise.

A Opportunities: international
collaborations and regional
initiatives.
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Accelerator physics
in Africa

Current Accelerator Landscape in Africa
(accordingto to the international atomic energyagency)

A 578global facilities (Source IAEA), with notable ones in Algeria, Tunisia, Egypt,Ghana, Nigeria, and South Africa.
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https://nucleus.iaea.org/sites/accelerators/Pages/Interactive-Map-of-Accelerators.aspx

Accelerator physics
in Africa

Current Accelerator Landscape in Africa

A 578global facilities (Source IAEA), with notable ones in Algeria, Tunisia, Egypt, Ghana, Nigeria, and South Africa.

Country

Tunisia Accelerator-Based Neutron Sourceat the Centre National de Sciences et Technologies Nucleaire

Egypt Electrostatic Accelerator at the Atomic Energy Authority &ccelerator-Based Neutron Sourceat the Zagazig University.

Ghana Electrostatic Accelerator at the Accelerator Research Centre.
Nigeria Electrostatic Accelerator at the Centre for Energy Research and Development (CERD).
S e 3 Accelerator-Based Neutron Sourcesat Nesca and iThemba, and Electrostatic Accelerators
. Number of
” Facilities

Number of Accelerator Facilities in Africa
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Accelerator physics
in Africa

Ghana The University of Ghana operates a 1.7 MV Pelletron Tandem Accelerator. This facility is part of the Graduate Sehoahdf
Allied Sciences and focuses on research areas like environmental monitoring, material characterization, and teachitoy plogsiesa
It was refurbished and installed with support from the IAEA and NEC.

Nigeria The accelerator lab located at The Centre for Energy Research and Development (CERD) within the Obafemi Awolowc
in Nigeria, has a 1.7 MV Pelletron Tandem Accelerator for ion beam analysis and material science applications.

Egypt The Nuclear Research Centre has a M&B&yclotron and a 3 MV Tandetron for isotope production and material science.

Algeria The Nuclear Research Centre of Algiers (CRNA) operates a 3.75 MV Van de Graaff accelerator used for material chara
and nuclear physics research.

South Africa

o iThemba LAB®iosts a 200 MeV Separat&ector Cyclotron (SSC), a 6 MV Tandem accelerator, and a 3 MV Tandetron. This
well-documented for its role in nuclear physics, isotope production, and cancer treatment research.

o NECSA (Nuclear Energy Corporation of South Africgerates a 4 MV Van de Graaff and an RFQ accelerator, for advanced r
and applications.

o The University of Pretoria: 2 MV Van de Graaff accelerator.



Accelerator physics
in Africa

Accelerator Physics Capacity in Africa
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South African Isotope Facility (SAIF) in 2023



Applications of
Accelerators

worldwide

More than 50.000 accelerators are used in a wide
range of applications that span various scientific
disciplines and industrial sectors from
fundamental research in nuclear physics to
practical applications in medicine, materials
science, and beyond.
Accelerator-based techniques play a pivotal role
in the advancement of scientific knowledge,
technological innovation, and social progress.
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Applications of
Accelerators

Segment size represents relative publication share per Subject Area

(2019-2023) other
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Applications of
Accelerators

Publications in Africa related to Accelerators phyics field
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Number of Publications

Analysis of publications (articles & proceedings) in African countries in particle accelerator field:

20.0 -
17.5 -

15.0 -

—
2
w»

[y

=

(=]
1

7.5~

5.0 -

2.5 -

0.0 -

Annual Research Output in Particle Accelerator Physics by Country (2014-2023)

South Africa |

2016 2018
Year

Country/Region
—8— Algeria

Cameroon
Egypt
Ethiopia
Ghana
Morocco
Mozambique
Namibia
Nigeria
South Africa
Sudan

Togo

Tunisia
Uganda

The African Strategy for Fundamental and Applied Physics



A Creating a PanAfrican network, Africa can foster regional
collaboration and elevate research capabilities, with a focus on

Global Scientific Leader
- . Il . . GO
Building aPan-African Accelerator Network Positioning Africa as a leader in
global scientific research. .
Reverse Brain Drain :
A Establishing accelerator divisions across Africa will enhance Attracting skilled professionals back
scientific research, technology, and sustainable development. to Africa. ;

Compact Light Sources

sz llie sulls, Implementing compact light sources CLS

A Morocco's strategic location offers opportunities for for various applications. ]
collaboration with European centers like ALBA and STAR,
enhancing expertise exchange and infrastructure development. ]

Regional Replication - -

A South Africa's iThemba LABS serves as a strong foundation, Expanding accelerator divisions in g
and replicating such divisions in North Africa and other regions North Africa and beyond. )
sYedl W ql JONq600Waq6 WWRYUqRUWOqkt W 13t Wel A6 WRUNI ¢t ql 2 Haeal

A CLSare a feasible starting point, supporting applications in . !

o : : , e Strong Foundation
medical imaging, materials analysis, and more. This initiative _ ) _
also aims to reverse the brain drain, attract skilled Lo ievice=g = ~ - YPr = -
) ) a solid base for expansion. :
professionals, and establish a robust research network across ;
Africa.
Strategic Location /
Morocco's location offers
collaboration opportunities with

European centers.
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High priorety
future needs

Infrastructure
Development

Enhance and establish stateof-the-art
accelerator facilities to support cutting-edge
research and upgrade existing facilities.

Outreach
Programs

Increase outreach to raise
awareness and inspire students,
including workshops, seminars,
and internships.

International Human Capital
Collaboration Development
Strengthen partnerships with global Address the shortage of skilled personnel
accelerator centers (e.g., CERN, Fermilab, through training, workshops, and educational
SESAME) for joint research, knowledge partnerships to nurture the next generation of
exchange, and funding support. physicists, engineers, and technicians.

The African Strategy for Fundamental and Applied Physics 15 A5 ?if,{sg
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Synergy with the neighbouring fields

Environmental
Science &
Materials Geophysics
Science § Arplicin Nuclear Physics

Nanotechnology archaeology, climate & Astrophysics
studies, and

Key for ion-beam geological processes.

Supports research in

analysis and nuclear structure and
materials astrophysical
characterization. phenomena.
Medical /<\§ Technological
Physics & .{;6%_ @ Innovation §
Healthcare Q o Industry

Utilizes accelerator Impacts
technologies for ':> semiconductor

cancer treatment and @ %f manufacturing and

medical imaging,. non-destructive
testing.

Accelerator physics plays a crucial role in advancing multiple scientific disciplines, creating synergies that drive progremsd innovation 16



Clinical linacs

o Clinical Linear Accelerators (Linacs) are essential for delivering higkenergy Xrays or
electrons in cancer radiation therapy, targetingumors while sparing healthy tissue.

o0 432Linacs for MV therapy across the continent!( ).

Number of Linear

Accelerators
/N

el

Region

North Africa Southern Africa  Central Africa

Distribution of Linear Accelerators in Africa

0 Impact:
Enhanced access to radiotherapy services, improved cancer treatment outcomes
and strengthened healthcare infrastructure across Africa.



https://dirac.iaea.org/Home/Equipment:~:text=Megavoltage%20(MV)%20units%20are%20medical,Unit%20or%20an%20Electron%20Accelerator.
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Number of Facilities

Clinical linacs

Distribution of Clinical Linacs in Middle Africa
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Togo
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Zambia




Number of Facilities

Clinical linacs

Distribution of Clinical Linacs in Southern Africa
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Smaller Standalone cyclotrons

Number of Cyclotrons in African Countries

o A cyclotron is a type of 3
particle accelerator that uses
magnetic and electric fields to
accelerate charged particles
in a spiral path, often used for
producing medical isotopes
and conducting scientific
research.

o More than 1200 cyclotrons
around the world create
beams for medical uses.

Separated sector cyclotron in iThemba
accelerates protons up to 200 MeV

2 |

Number of Cyclotrons
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Strategic Recommendations for Enhancing Cyclotron Use in Africa

Research and Collaborative
Development Networks
Boosting Strengthening
cyclotron use in regional ties
various scientific among countries

fields. with cyclotron

facilities.

Medical Investment in
Applications Infrastructure
Expanding isotope E% Increasing
production for funding and
therapy and partnerships for
diagnostics. cyclotron
facilities.

o]

Building Expertise

Partnering with
institutions for
capacity building.



Energy RecoveryLinacs: A Pathway for Sustainable Particle Accelerators in Africa

What Are ERLS?

A Advanced accelerator technology with energy-
efficient design.

A Recovers and recycles beam energy, reducing
energyconsumption.

Why ERLsfor Africa?

A Addresshealthcare, energy,and industrial needs.
A Theirability to recover beam energy makes them
energy-efficient compared to traditional Linacs.

A Aligns with global trends in sustainability and

innovation.

Opportunities :

A High-impact applications: materials science,
medical imaging, & clean energytechnologies.

A Foster capacity building through international
collaborations.

A Position Africa as a leader in sustainable
accelerator technology.
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Energy RecoveryLinacs: A Pathway for Sustainable Particle Accelerators in Africa

Brilliant source ofX-rays based oB8ustainable anthnOvative accelerators

Istituto Nazionale i Fisica Nucleare UNIVERSITA DEGLI STUDI DI MILANO

BriXSin0

Brilliant source of X-rays based on

Sustainable and innOvative accelerators

Un accelerato

appl

radiazione THz coerente

o Ongoing projet
o Invitation from IPAC (International Particle
Accelerator conference)



Strategic Roadmap for ERLs in Africa

Phase Development and Collaborative Growth
Phase 1. Small-Scale ERL Prototypes Key Partnerships

1. Build foundational expertise and laboratory infrastructure.
2. Establish collaborations with global ERL leaders (e.g. Cornell).

- D TP Funding Collaboration with
Phase 2: Pilot Facilities OB oAt N
1. Support healthcare diagnostics, industrial testing, and synchrotron
research.
2. Demonstrate feasibility and attract further investment.
Phase 3: Full-Scale Research Centres Industry

Collaboration
1. Focus on advanced applications like particle physics and regional
synchrotron hubs.



Recommendations

!

[ Encourage Policy Support § J ~ { _‘ﬁi Promote Sustainability in ERL J
: Design & Operation

Establish Supportive Policies - -
: - Focus on Renewable Energy

s

Encourage Private Sector

Involvement ~- Energy-Efficient Technologies

[ Strengthen Research Networks } -~

’[ o Create Structured Training }

: , K Programs
Establish Pan-African Consortia - - : : :
. . : . — ' - Develop PhD Programs
Facilitate Collaboration - - : O,= : !
- L ; ‘o %“' |/ r - Create Certification Courses
Highlight Africa's Needs Globally -- . !
Advancing ~- Expand International Training
Accelerator
Enhance Digital Infrastructure & oga | .-1  Physicsin [ -.
Computational Access ) Africa .| = Expand Public and Private Sector
K y = Funding

Provide High-Performance
Computing

- - Increase Financial Support
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[ Encourage Knowledge Sharing & ]_ ) o { % Support Long-term Strategic J

Scientific Publications Planning
Promote Publishing in Journals - - E— - Formulate National Strategies -
Create African Journal - -’ '~ Integrate into National Priorities 2’*8%@”



ASFAP Survey

Results of Survey to understand the awareness and interest in accelerator science among researchers

and university students in Africa.
Survey community: ASP almuni & ASFAP conunity.

Public Awareness of Accelerators Inclusion of Accelerator Physics in
Distribution of Accelerator Curriculum
Physics Study Among Students 11.30% Do not know what accelerators
are

7.70% Bachelor’'s Degree

44.20% Included

50% Neither
55.80% Not Included
42.30% Master's Degree

88.70% Know what accelerators are
used for

The African Strategy for Fundamental and Applied Physics het
(ASFAP) @



ASFAP Surevy

Percentage of Familiarity

N
73.53%
Awareness Status
/N
Yes 56.6% iThemba 0
0 LABS South A7% CERD Nigeria
Africa 14.71%
No 43.4% 2.94%
. Percentage of .
7 Respondents ; > Facilities
N i National
Awareness of Accelerator Facilities in Africa Accelerator Centre None
(NAC) South Africa

Familiarity with Scientific Facilities

The African Strategy for Fundamental and Applied Physics
(ASFAP) 28 %



Research Fields

/1

N

Medicine

73.7%

Material
Science

20%

Research

Energy
Research

44.7%

Environmental
Studies

26.3%

Fundamental
Particle

57.9%

Physics

Cultural
Heritage

15.8%

Percentage
> of

Awareness of Applications in Research

Fields

Awareness

ASFAP Surevy

Percentage of
Respondents

/N

90.6%

1.9% 7.5%

[r—

. Response
” Category

Yes No Not sure

Survey Results on the Need for Accelerator
Divisions in Africa
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ASFAP Surevy

Opinion on Compact Light
Sources in Africa

6% No
Awareness Status
Yes 64.2%
No 35.8%
Percentage of
Respondents 94% Yes @

Awareness of Compact

Accelerator Technologies

o8



STAR ICS Source layout (Phase II)

e infrastructure

3 Acceleratingsection(1 S-band and 2 éandLINACS)
STAR-HE-Linac

STAR-LE-Linac

Beam dumps

Impact chambers
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