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Outline

Introduction Materials : Ą to be adapted for ASP2026

- "Introduction to accelerator science: Activities and Lecture" , ASP2024

- "L¦t!t κ !t{Υ /ƻƳƳǳƴƛǘȅ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴƛǘƛŀǘƛǾŜǎ έ, June 6, 2026

ά!¸¢Υ !ŎŎŜƭŜǊŀǘŜ ¸ƻǳǊ ¢ŜŀŎƘƛƴƎ ahh/ά

Real accelerators

https://drive.google.com/file/d/19cJRLDSXke6X94l3xP9IqpyTBP5En3PH/view?usp=drive_link
https://docs.google.com/presentation/d/1FUNBgHBqy1aKyTvF5fTMQcbSFGJsE39s/edit?usp=drive_link&ouid=105971731437120037857&rtpof=true&sd=true
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about


atom

X Ray & neutron  

machine

What is a Particle ? 

Orders of magnitude across the two infinities:

Recording

https://drive.google.com/file/d/1LSUXbJ5i7oCiwUKwCuD7RUPXsr0Q_MJ-/view?usp=sharing


What is a Light, Wavelength and Particle ? 
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More than 50,000 ParticleAccelerators in the world ! (15,000 in 2000)

Ion implanters and surface modification

An accelerator-based manufacturing technique called 
ion implantation modifies semiconductorsΩ electrical 
properties precisely and cost-effectively, leading to 
better, cheaper electronics 

e.g. Research: 
Collider (LHC, FNAL, RHIC)
Proton linac for Neutron Source
Synchrotronfor Light Source 

Use of Particle Accelerators 



Particle Accelerators in history
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Each generation built on the accomplishments of the 

previous ones raising the level of technology ever higher !

Ą 1980 -Tevatron @ Fermilab

980 GeV

Ą2008 - LHC @ CERN

7-14 TeV

80 keV

1929

Ernest 

Lawrence

(1901 - 1958)

Livingstonõsdiagram

FNAL



How does an Accelerator work ?

o You've certainly come across accelerators before!
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Ingredients - Particle Accelerators
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1- Ion Source to produce the charged particles 

to be accelerated (electron gun, H+ or H-)

4- Vacuum chamber to minimize scattering of the beam particles by gas particles  

3- Magnets are used to bend and focus the particle trajectories 

- can use superconductors

2- Accelerating structures to accelerate charged particles 

ïcan use superconductors

5- Cooling systems to remove the heat dissipated in accelerator 

components; use of superfluidity for superconducting magnets and cavities

6- Beam diagnostics to provide information about the beam intensity 

(current), position, beam profile and beam loss

7- Control system to record and control each equipment

Courtesy Caterina Biscari
ASP2018

8 ïPower Supply for RF, Magnets and Accelerator components



A few more references
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×IUPAP - International Union of Pure and Applied Physics WG14 - Accelerator Science( 

Accelerator Engagement Ambassadors Initiative ; Hackathonino (IUPAP-WG14)and IUPAP

×AI for Accelerator Technologies- ARTIFACT

×FASEM: French-Swedish Academy for Scattering Experiments and Modeling

×NPAP: Nordic Particle Accelerator Project(School and MOOCs)

×AYT: Accelerate Your Teaching MOOC; Trailer ; Descriptions and Videos

×ASP- African School of Fundamental Physics and Applications

×APS - Forum on International Physics; PHYSICS MATTERSand All events; and Playlist

×IUPAP&UNESCO International Colloquia on Physics For Society

×EIROforumand Science in School

×HEPTechand Best Practices workshops

https://iupap-wg14.web.cern.ch/
https://iupap-wg14.web.cern.ch/
https://iupap-wg14.web.cern.ch/
https://iupap-wg14.web.cern.ch/
https://iupap-wg14.web.cern.ch/ambassadors
https://iupap-wg14.web.cern.ch/ambassadors
https://iupap-wg14.web.cern.ch/hackathonino-iupap-wg14/
https://iupap-wg14.web.cern.ch/hackathonino-iupap-wg14/
https://iupap-wg14.web.cern.ch/hackathonino-iupap-wg14/
https://iupap.org/
https://artifact-network.org/
https://artifact-network.org/
https://aghribi1-presentation-20230911-artifact.docs.cern.ch/pres_artifact_20240305_tiara.html#/title-slide
https://www.linxs.se/projects-fasem
https://www.linxs.se/projects-fasem
https://www.linxs.se/projects-fasem
https://www.linxs.se/projects-fasem
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about
https://youtu.be/jt_2SKcl7_4?si=oaQUWB1d6zxFunTT
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/course/
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
http://www.africanschoolofphysics.org/
http://www.africanschoolofphysics.org/
http://www.africanschoolofphysics.org/
http://www.africanschoolofphysics.org/
https://engage.aps.org/fip/home
https://engage.aps.org/fip/home
https://engage.aps.org/fip/home
https://engage.aps.org/fip/home
https://engage.aps.org/fip/resources/activities/physics-matters
https://engage.aps.org/fip/resources/activities/physics-matters-video
https://www.youtube.com/playlist?list=PLgxD9DiwxLGp1AR8vjpAPWaxqF5-K_3OX
https://iupap.org/strategic-plan/outreach/iupap-unesco-international-colloquia/
https://iupap.org/strategic-plan/outreach/iupap-unesco-international-colloquia/
https://www.eiroforum.org/
https://www.eiroforum.org/
https://cm01.embl.de/share/page/site/eirotwgins/dashboard
https://www.heptech.eu/
https://www.heptech.eu/
https://indico.cern.ch/event/1638449/


Applications

* Synchrotron Light Sources

Ÿ In arabic

Ÿ 5 languages

* Accelerator & Beams, Tools of 

discovery and Innovation (English)

https://laamp.iucr.org/__data/assets/pdf_file/0019/146350/brochure_v2_AR.pdf
https://laamp.iucr.org/tasks/brochure
https://indico.esss.lu.se/event/620/attachments/4932/6701/APS_FIP_Accelerator_and_Beam__Ernie_brochure.pdf
https://indico.esss.lu.se/event/620/attachments/4932/6701/APS_FIP_Accelerator_and_Beam__Ernie_brochure.pdf


IAEA Open Learning Management System

EAGLE MEETIN G 5 11

IAEA presentation 

202 3- 01- 19

https://elearning.iaea.org/m2/
https://drive.google.com/file/d/1QPhfew28kRUkahkN1jqaBGNpSrR580gm/view?usp=sharing


European Schoolnet Academy Catalogue

EAGLE MEETIN G 5 12

academy.europeanschoolnet.org | www.eun.org

Free Online Professional Development for Teachers

Goal: Inspire teachers to innovate and confidently integrate new practices into their classrooms

Launched in 2014 by a network of 30+ Ministries of Education.

Free MOOCs on innovative teaching, digital education, and classroom practice. 

What is offered ?

Practical courses with ready-to-use teaching resources. 

Opportunities to reflect, collaborate, and exchange with educators across Europe. 

Certificates upon successful completion. 

The approach

Accessible: Free and open to everyone. 

Collaborative: Learn with an international community of teachers. 

Innovative: Evidence-based pedagogies for 21st-century education.
202 3- 01- 19

https://catalogue.europeanschoolnetacademy.eu/
http://www.eun.org/


iAPS - School Day Experiments Guide 
Book

EAGLE MEETIN G 5 13202 3- 01- 19

https://iaps.info/2025/11/11/school-day-experiments-guide-book/
https://iaps.info/2025/11/11/school-day-experiments-guide-book/
https://iaps.info/2025/11/11/school-day-experiments-guide-book/
https://iaps.info/2025/11/11/school-day-experiments-guide-book/


ñScience in School ò

EAGLE MEETIN G 5 14202 3- 01- 19

https://scienceinschool.org/
https://scienceinschool.org/
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Massive Open Online Course (MOOC) !
Accelerate your Teaching

https://bit.ly/AT_MOOC23
https://bit.ly/AT_MOOC23


Using large scale 
Research Infrastructure 
to teach:

ÅForces
ÅMagnetism
ÅStructure of an atom
ÅLight 
ÅElectroMagnetism é

The aim of 

X-Rays

Electrons Neutrons

Nucleus



Accelerate your Teaching https://bit.ly/AT_MOOC23

Trailers

Descriptions

"Unexpected Applications of Accelerators", by C. 

Darve (ESS) and K. Lefmann (NBI), 26 Oct. 2023

https://bit.ly/AT_MOOC23
https://bit.ly/AT_MOOC23
https://youtu.be/jt_2SKcl7_4?si=oaQUWB1d6zxFunTT
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/course/
https://drive.google.com/file/d/1zTrYTHNWDGvyeW9sq4cN_mzFYHzeiAKs/view?usp=drive_link


Accelerate your Teaching

EAGLE MEETIN G 5 19202 3- 01- 19

https://bit.ly/AT_MOOC23


Pedagogical tools

Scientist Stories

Race to Space

Learning Scenarios



MOOC
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ess.eu/explore Short Videos of scientists

http://www.ess.eu/explore
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://bit.ly/AT_MOOC23


Race to space 

EAGLE MEETIN G 5 22202 3- 01- 19

Some information on neutron scattering

https://racetospace.eu/
https://racetospace.eu/wp-content/uploads/2023/10/someInformationNeutronScattering.pdf


Learning Scenarios

EAGLE MEETIN G 5 23

üWhatõs the smallest thing in the universe?

üLIGHT SCATTERING

Tools : https://padlet.com/

CERN - "I Love Physics" series,

202 3- 01- 19

https://drive.google.com/file/d/1QrUQMZ_z6rIxaLkUix37JAEi8OKsVuW3/view?usp=sharing
https://drive.google.com/file/d/1QrUQMZ_z6rIxaLkUix37JAEi8OKsVuW3/view?usp=sharing
https://drive.google.com/file/d/1ng1To_mQo7oYe8qx_JeejRjheQfxmsCk/view?usp=drive_link
https://drive.google.com/file/d/1ng1To_mQo7oYe8qx_JeejRjheQfxmsCk/view?usp=drive_link
https://padlet.com/
https://youtube.com/playlist?list=PLAk-9e5KQYEplnzUrQ08Xb_g0IkmpaD-B&si=1zeGb78u9DIERPJN
https://youtube.com/playlist?list=PLAk-9e5KQYEplnzUrQ08Xb_g0IkmpaD-B&si=1zeGb78u9DIERPJN
https://youtube.com/playlist?list=PLAk-9e5KQYEplnzUrQ08Xb_g0IkmpaD-B&si=1zeGb78u9DIERPJN
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https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about


How does the machine look like ?

Ą High b-Elliptical cavityĄ Low b-Spoke cavity

b=v/c

b=Vitesse of Particle /c (speed of the light) 



Magnets ïto steer Particles
Manufacturing of LHC superconducting magnets

27 km cooled down to 2K

The coolest place in the Universe !



Q&A

The speed of light in a vacuum is: 
That means in one second it travels ___

300,000,000 meters

400,000,000 meters

None of the above

500,000,000 meters
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Q&A

What can particle accelerator be used for ?

Cure people

Understand high-energy collision

All of the above

Produce energy

28
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Q&A

How many main types of accelerators are there?
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Two

Three

Four

Five



Types of Accelerators
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https://ri-science.tumblr.com/post/151095478902/did-you-know-there-are-three-main-types-of



Linear Accelerators

Å Straight lines.

Å they are used in hospitals for radiotherapy: 

they accelerate electrons to high energies to 

generate x-rays.

Å Particles only pass through it once.

Å Not very economical.

34



Q&A

What is the characteristic of linear accelerators?

35

Circular shape

Uses magnetic fields for acceleration.

Accelerate particles in a straight line

Linear accelerators can generate neutrons.



Cyclotrons

Ɓ Cyclotrons are compact accelerators.

Ɓ The particles start at the center and gain 

energy, spiraling outward.

Ɓ They can accelerate charged particles and 

heavy ions but not electrons.

36



Synchrotrons

Ɓ To use particles at higher energies, 

physicists use a synchrotron (keeps the E 

and B fields in perfect synchronization with

the particles as their energy increases). 

Ɓ Use magnets (superconductors) to guide and 

accelerate particles.

37



Q&A

What is the main function of a Cyclotron?
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Accelerate charged particles

Generate high energy neutrons

Produce X-rays

Create magnetic fields



Q&A

What is a defining characteristic of synchrotrons?

39

Operates at room temperature

Circular shape

Acceleratesparticles in a straight line

Acceleratesprotons, electrons and neutrons


