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.. Electromagnetic waves emitted by charged particles that 
move in a curved  trajectory at a speed close to the speed of 
light.. Spectrum of opportunities and (complementarities)..



Multidimensional Analytical Techniques in Environmental Research
2020, Pages 231-265

https://doi.org/10.1016/B978-0-12-818896-5.00009-0

… a bright light that explores the microscopic world.



+ Social & Economic Impacts – “Middle East context” and beyond

Global/long term impacts

Indirect Impacts

Direct local impacts

Collective future impacts
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Education, capacity development and research 



➢ How to establish 
sustainable cutting-edge 
institutions  and research 
infrastructures?, 

➢ How to reverse the brain-
drain dramatic concern?, 

➢ how to address the local 
and regional alarms related 
to health, environment, and 
human heritage?, 

➢ How to use science as a 
vehicle for industrial 
development and growing 
economy?



Global Research Infrastructures

Disease Pollution Energy
Global 

warming

Disaster 
management

Food 
security

Economy

99.9% 
with each 

other

98% with 

chimpanzees

We share 

70% of our 

genes with fruit 
flies

Beyond individual capacity / budget

Basic and applied multidisciplinary science..

But what if what we need is more than money?

HiP-CT synchrotron technique is being 
used to image whole human lungs to 
help understand the injury caused by 
COVID-19. P. Tafforeau/ESRF.



“Regionally-shared problems can 
best, or only, be solved through 
cross-border collaboration. The 
similarities of culture and 
experience, coupled with a common 
language and history of scientific 
achievement make collaboration an 
obvious strategy.”

“Science Diplomacy in Arab Countries: The Need for a Paradigm Shift.”, Nart Dohjoka, Cathleen A. Campbell, Brenna Hill, AAAS Science and Diplomacy, 2017

Not enough..
Paul A. Fenter, Mark L. Rivers, Neil 
C. Sturchio, and Stephen R. Sutton
Chicago, Illinois, USA
September 25, 2002

https://www.sciencediplomacy.org/author/nart-dohjoka
https://www.sciencediplomacy.org/author/cathleen-campbell
https://www.sciencediplomacy.org/author/brenna-hill


SESAME: Synchrotron light for Experimental Science and Applications in the Middle East
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Intergovernmental Organization at the service of its 
Members and the whole worldModelled on CERN



SESAME and International Cooperation

Brazil, Canada, China, the 
European Organization for Nuclear 
Research (CERN), the European 
Union (EU), France, Germany, 
Greece, Italy, Japan, Kuwait, 
Portugal, the Russian Federation, 
Spain, Sweden, Switzerland, UAE, 
UK and the USA. (UNESCO may 
serve on the SESAME Council).

SESAME OBSERVERS



Users’ diversity 

Cyprus Jordan Egypt
Türkiye Iran Italy
Malta Germany Belgium
France Colombia Palestine
Japan Malaysia Pakistan
UAE UK Qatar
Iraq South Africa Mexico
Colombia Israel Benin
Cameeron



World-class basic and applied research interdisciplinary science,

Bridge to understanding and peace in the region,

Local and regional concerns in various domains,

Environment for collaborations and individual development,

Training hub (Human capacity building),

Diaspora attraction (Brain-drain reversal),

Gender gap minimization - as much as possible.D
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SESAME 2002 SESAME 2024BESSY I

Images are subjected to copyrights

+ Extensive upgrade



2017: Pioneering SESAME Light Source Inauguration

Images are subjected to copyrights



2018: SESAME became the first Associate of LEAPS

(League of European Accelerator-Based Photon Sources)

Images are subjected to copyrights

On signing the Declaration of Association to the 
LEAPS Consortium with Helmut Dosch, Chair of 
LEAPS and Chair of the DESY Board of Directors, Rolf 
Heuer, President of the SESAME Council.



2019: SESAME became the World's FIRST large accelerator complex fully powered 
by renewable energy – EU Support

The world’s first carbon neutral accelerator laboratory. This makes SESAME economically, as well as 

environmentally sustainable. It has signed the UN’s Climate Neutral Now pledge.

Images are subjected to copyrights



Images are subjected to copyrights



Operational: 

BM08- XAFS/XRF Beamline

BM02-IR Beamline

ID09- MS/XPD Beamline

3rd Generation light source
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© SESAME 2023: Phase contrast reconstruction generated by combining 1000 projections of 12 ms 
exposure time each (left) of a vial of glass speres 300 µm in diameter positioned in front of the 
detector on the sample stage (right) for the first test of the BEATS beamline at SESAME.

© SESAME 2022: Commemorative plaque and the HESEB beamline

Recently added





Collective projection of science 

missions in realizing the UN 

Sustainable Development Goals.

“ISC: Science Missions for Sustainability” 

Encouraging science funders to step out 
of “business-as-usual” approaches 
beyond traditional science models. 

:: Innovative strategies and 
collaborative actions on all levels. For 
instance, scaling up the investment in 
science to strongly support 
transdisciplinary and inclusive mission. 

5 Call for applications: A Global Call for Science Missions for Sustainability, International Science Council, 2024.

https://council.science/mission-science/

https://council.science/mission-science/


SNI-Portal: Research with Synchrotron Radiation, Neutrons and Ion 
Beams at Large Facilities



Synchrotron research for climate protection and energy transition

Photovoltaics

Solar cells made of semiconductor materials are the basis of electricity
generation from solar energy. Mostly silicon is used for this, but there are
alternatives and supplementary possibilities. Perovskite solar cells, whose
functioning is being researched at the Helmholtz-Zentrum Berlin (HZB) with
synchrotron radiation, are particularly promising. They have the advantage that
they can be produced cheaply and utilise different wavelengths than silicon. In
so-called tandem solar cells, which combine both semiconductors, a higher
efficiency can therefore be achieved than in conventional modules. Synchrotron
radiation is used to research the properties of perovskite solar cells, for example
the temperature-structure relationship, the process of crystallisation or
the stabilising effect of fluorine additives in lead-free perovskite solar cells. But
the silicon layer in the tandem solar cell can also be made even more effective
through targeted nanotexturing.

© Silvia Mariotti/HZB

https://www.helmholtz-berlin.de/pubbin/news_seite?nid=23182;sprache=en;seitenid=74699
https://www.helmholtz-berlin.de/pubbin/news_seite?nid=22944&sprache=en&seitenid=74699
https://www.helmholtz-berlin.de/pubbin/news_seite?nid=23120&sprache=en&seitenid=74699
https://www.helmholtz-berlin.de/pubbin/news_seite?nid=23428&sprache=en&seitenid=74699


Synchrotron research for climate protection and energy transition

© Shearing et al./ Nature Communications

The use of renewable energy also includes its storage. There are
different concepts depending on the application. Batteries have high
efficiencies and can be used in mobile applications, which is why
intensive research is being carried out on the entire value chain - from
the functional mechanism and new materials to durability, safety and
sustainability. Synchrotron radiation, for example, can be used to
distinguish the role of individual elements in order to find customised
solutions. Researchers all over Germany are investigating batteries and
their materials with synchrotron radiation. University research and
application go hand in hand.

Batteries

https://www.nature.com/articles/ncomms7924
https://iopscience.iop.org/journal/0022-3727/page/BatteryStudies
https://www.helmholtz-berlin.de/pubbin/news_seite?nid=20928;sprache=en;seitenid=73861
https://www.helmholtz-berlin.de/pubbin/news_seite?nid=21504&sprache=en&seitenid=74699
https://www.kit.edu/kit/english/pi_2019_160_up-to-30-percent-more-capacity-for-lithium-ion-batteries.php
https://www.esrf.fr/home/news/general/content-news/general/donal-finegan-wins-the-young-scientist-award-at-the-esrfs-2020-user-meeting.html


Synchrotron research for climate protection and energy transition

Catalysis Great expectations are being placed in the industrial use
of green hydrogen, for example in steel production or in
aviation. "Green" is the term used to describe hydrogen
that has been produced in a CO2-neutral way - either
with green electricity or, in future, directly through
photolysis in "artificial leaves". In this process, tailor-
made catalysts are to make it possible to split water with
the help of sunlight. Research with synchrotron radiation
not only helps to find particularly suitable catalyst
materials, but also to develop especially efficient
structures or combinations of materials and to
understand processes and investigate them during
operation. Molecular films, such as those made possible
by the European XFEL, can also contribute to this.

© Dr. Ziliang Chen/HZB

https://www.helmholtz-berlin.de/pubbin/news_seite?nid=23400&sprache=en&seitenid=74699
https://www.kit.edu/kit/english/pi_2021_077_green-hydrogen-focus-on-the-catalyst-surface.php
https://www.hereon.de/innovation_transfer/communication_media/magazine/what_motivates_us/099917/index.php.en
https://bib-pubdb1.desy.de/record/473654/files/femto_0221_en.pdf?version=1#page=14
https://bib-pubdb1.desy.de/record/473654/files/femto_0221_en.pdf?version=1#page=14
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=2160&two_columns=1
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=2160&two_columns=1
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=1912&two_columns=0
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=1912&two_columns=0
https://www.helmholtz-berlin.de/pubbin/news_seite?nid=21211;sprache=en;seitenid=74699
https://www.kit.edu/kit/english/pi_2020_055_bespoke-catalysts-for-power-to-x.php
https://www.kit.edu/kit/english/pi_2020_117_three-dimensional-view-of-catalysts-in-action.php
https://www.kit.edu/kit/english/pi_2020_117_three-dimensional-view-of-catalysts-in-action.php
https://www.xfel.eu/news_and_events/news/index_eng.html?openDirectAnchor=1736&two_columns=0
https://idw-online.de/en/news788811


Synchrotron research for climate protection and energy transition

Hydrogen Storage

© Andreas Stierle/DESY

There are also various approaches to storing hydrogen.
Besides the usual compressed gas storage, hydrogen can
also be chemically bound in methanol or liquid organic
hydrogen carriers (LOHC) or stored in solids, especially
in metal hydrides and adsorptively in nanostructured
materials. Their structure and functioning are studied at
synchrotrons, e.g. the adsorption and release
to graphene-supported Pd nanoclusters or the storage in
a hydride composite system.

https://www.hereon.de/innovation_transfer/communication_media/news/104692/index.php.en
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=2208&two_columns=1
https://www.hereon.de/innovation_transfer/communication_media/news/099606/index.php.en


Synchrotron research for climate protection and energy transition

Climate Change

Research with synchrotron radiation also contributes to
the understanding of our environment, e.g. how climate-
relevant aerosols behave in the atmosphere, what basic
properties water or gas hydrates have, which substances
react with each other in the soil, which soils or rock
formations can absorb CO2 or what part the subduction
of rocks has in the global carbon cycle.

https://www.helmholtz-berlin.de/pubbin/news_seite?nid=13605;sprache=en
https://www.helmholtz-berlin.de/pubbin/news_seite?nid=13605;sprache=en
https://www.xfel.eu/news_and_events/news/index_eng.html?openDirectAnchor=1815
https://www.mineralogie.uni-hannover.de/en/mikutta/research-projects/projects/soil-manganese-speciation-transformation-and-reactivity/
https://www.diamond.ac.uk/Home/News/LatestNews/31_07_12.html
https://www.esrf.fr/Apache_files/Newsletter/2021/December/index.html#/page/14


These salts have the ability to collect water 
from the air even at humidity levels as low as 
50-55%.

it offers proof that the plant is capable of 
absorbing water via its leaves

water collection or cloud-seeding technologies













AfLS

Towards an AfLS

Over 60 worldwide, None in Africa – so far-

Images are subjected to copyrights



Challenges..

Images are subjected to copyrights





The African light source is 
expected to be a prominent 
mega-science techno-industrial 
and fundamental research facility, 
as well as an innovation hub in 
Africa. It would promote local and 
regional research platforms, as 
well as massive advanced human 
capacity development and 
employment in Africa. 





Community 



Interest 



Diasporas 



Challenges



AfLS Website https://www.africanlightsource.org

The African Light Source Foundation

“The first African Light Source: lighting the future of Africa” 

http://www.africanlightsource.org/


Bottom Up

1.Human Capacity: scientists, engineers, technicians

2.African scientists access existing LSs

3.African relationships with existing LSs.

4.Involvement of industry

5.Community for the African light source Users

6.Conferences, Workshops, Outreach, Media

Top Down
1. Strategic approach to African Governments and (Pan) African orgs.

2. Conceptual Design Report (CDR)

3. Inter-African co-operation on Regional feeder infrastructure

4. African multinational beamlines at existing LSs

5. Regional / Pan African membership of existing LSs

6. Technical Design Report (TDR)

Roadmap…?



Some Existing Regional Facilities

• X-TechLab - Benin
• Materials analysis, spectroscopy for many
disciplines. Energy, health, environment, agriculture,
materials

• Sir Aaron Klug Centre - SA
• Structural biology resource widely used in SADEC region

• African Laser Centre
• Pan-African NEPAD flagship initiative

• ICTP-EAIFR - Rwanda
• Condensed matter, Geology, Particle

Physics, Cosmology, Astroparticle physics

• Partner with LAAAMP, IUCr – OpenLABS, START, Others
….

Ghana
2019, the President Akufo-Addo of Ghana
pledged to champion the project in the African Union.
2020, the science minister, Dr. Kwabena Frimpong-Boateng,
reaffirmed Ghana’s support for the African light source

Benin
2019, X-TechLab, as a government priority project,
expresses itself as part of the Roadmap to the AfLS.

SA
2021, SA Dept Science and Innovation and the NRF invite a
proposal towards the AfLS as a “Flagship Project”

2021, Nigeria
Office of the Science Ministry

2021, Cote d’Ivoire
Office of the Science Ministry

2021, AUC-HRST
Developing Process and Actions

Countries Expressing Commitment

The Africa Light Source Foundation
Towards a Lightsource for the African Continent



“Science Diplomacy in Arab Countries: The Need for a Paradigm Shift.”, Nart Dohjoka, Cathleen A. 
Campbell, Brenna Hill, AAAS Science and Diplomacy, 2017

“Science alone cannot solve 
the many political, security, 
and economic problems that 
we are facing today. However, 
science diplomacy still has an 
important role to play in 
addressing the health, 
environmental, energy, water, 
and food challenges that 
contribute to regional 
instability.”

https://www.sciencediplomacy.org/author/nart-dohjoka
https://www.sciencediplomacy.org/author/cathleen-campbell
https://www.sciencediplomacy.org/author/cathleen-campbell
https://www.sciencediplomacy.org/author/brenna-hill


Thank you!

gihan.kamel@sesame.org.jo
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