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Å > 25 years as Engineering Scientist at CERN, FNAL & ESS

Å From design to operation of particle accelerators in large
scale collaborations (incl. ESS, LargeHadron Collider, CryogenicMagnets and 
Cavities, LH2 absorber)

Å In-Kind Collaboration Management
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CERN

ESS

Volunteeringwith Non-profit organisations:

Ą International Union of Pure and Applied Physics (IUPAP), WG14 Accelerator Science, Chair (since 2024)
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Outline

1- Introduction and basis of accelerator physics 

Size and order of magnitude

What is a Particle Accelerator ?

What can we use a Particle Accelerator for ?

2 - From Online Learning to a Real-World Accelerator

3 - Hands-on experience with the Gauss canon and Human accelerator  

References:

ÅEducation and Training in Particle Accelerator Science and Technology, ASP2026

ÅIntroduction to accelerator science: Activities and Lecture , ASP2024
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What is a Particle ? 

Orders of magnitude!
Recording

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


What is a Light, Wavelength and Particle ? 
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Advanced Microscope 
                                        Lenght, Time & Energy  
scales

Detector

sample



What is a Particle Accelerator?
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Discovering the Invisible World  
X-Rays ï The Unknown Rays!

The famous X -ray image of Bertha Röntgen's hand, taken in 1895, was 

the first radiograph in history. It revealed the bones of her hand as well 

as her wedding ring.

Wilhelm Conrad Röntgen , a German physicist, accidentally 

discovered X-rays  at the age of 50, a breakthrough that 

earned him the very first Nobel Prize in Physics  in 1901.

The name "X-rays"  has remained in use ever since, even 

after scientists discovered that they are a form of high -

energy electromagnetic radiation , similar to visible light 

but with a much shorter wavelength.

X-ray medical imaging, developed soon after Wilhelm Röntgen's 

discovery, paved the way for major advances in medicine. Marie 

Curie was among the first to apply this technology in practice. 

During World War I, she equipped mobile radiography units, 

known as the "Little Curiesò, allowing doctors to diagnose and 

treat wounded soldiers directly on the battlefield.



Science Context and Particle Accelerators
More than 50,000 Particle Accelerators 

in the world ! (15,000 in 2000)

Ą2008 - LHC @ CERN 7-14 TeV

Livingstonôsdiagram

Ernest 

Lawrence

(1901 - 1958)

80 keV

1929

Ą 1980 -Tevatron @ Fermilab 980 GeV

To generate collisions at the center 

of detectors specially constructed

to observe them (e.g. LHC)

To general (photon or neutron) 

beams to observe materials at the 

atomic level (e.g. light sources)



Applications

* Synchrotron Light Sources

ÅŸ In arabic

ÅŸ 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
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Particle Accelerator

We can accelerate a charged particle with an electric field !

Cathode (-) Anode (+)

e- (electron)

Energy: 1 eV = 1,6 10-19 JoulesE (electric field)

Particle accelerators are machines that use electric fields to 

accelerate charged particles, such as electrons, protons, or 

ions to extremely high energies. 

Beam

RF Input

Power Amplifier

Coupler

Gap

e.g. they can accelerate a proton to an energy of 900 GeV (900Ĭ10  electronvolts).

900 GeV ~ 600 billion batteries (1.5 Volt) ~  37.4 million Km ~ ¼ the way to the sun



Particle Accelerators

Nothing with mass can reach or exceed the speed of light (ὧ ςωωȟχωςȟτυψ m/s). 
Particle accelerators can get incredibly close, within millionths or even trillionths 

of a percent, but never all the way there.

Why does this matter for accelerators?

- Electrons  are light, so they are easy to 

accelerate  but lose a lot of energy when forced to 

turn (they emit synchrotron radiation). 

- Protons  are much heavier, so they are harder 

to accelerate initially , but they can circulate 

around large rings like the LHC with much smaller 

energy losses.

Ą Proton and electron have the same magnitude of electric charge

Ą A proton is 1836 times heavier than an electron. 



Ingredients - Particle Accelerators

14

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 ï Superconductors to reach high energy

2- Accelerating structures (cavities)  to accelerate  

particles ï Superconductors to reach high energy

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

8 ï Power Supply for RF, Magnets and Accelerator components

Courtesy Caterina Biscari

ASP2018



The Physics Behind Particle Accelerators

1) Particles 2) Energy 3) Control

4) Collision 5) Detection 
Credit to Suzie Sheehy



Production of particles
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Example: Electron production

o A heated filament emits electrons.

o These electrons immediately fall back onto 

the metal.

o If an electric field is applied, these electrons

can be removed.



Type of Particle 
Accelerator

Three types of accelerators to consider: 

ÅLinear 

ÅCyclotron 

ÅSynchrotron

17

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



Linear Accelerators

Å Straight lines

Å e.g. They are used in hospitals for 

radiotherapy: they accelerate

electrons to high energies to generate

x-rays.

Å Particles only pass through it once.

18

An elliptical
supraconducting cavity



Cyclotrons

ǒ Cyclotrons are compact 
accelerators.

ǒ The particles start at the center and 
gain energy, spiraling outward.

ǒ e.g. They can accelerate charged
particles and heavy ions but not 
electrons. 

ǒ They can be used for production of 
radio-isotopes for medical
treatment

19



Synchrotrons

ǒ 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). 

ǒ Use magnets (superconductors) to 

guide and accelerate particles.

ǒ E.g. Large Hardon Collider (LHC) 

@ CERN

20



Q&A

What is the characteristic of linear accelerators?

21

Circular shape

Use magnetic fields for acceleration

Accelerate particles in a straight line

Linear accelerators can accelerate neutrons



How does a particle Accelerator work ?

22



You may come across Particles accelerators before !
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Cathode

Conducting 

coating 

Anode
Phosphoer

Coated 

screen
Shadow 

mask

e- beam

Cathode Ray Tube Television

LIVE with the  
SILMARIL team



Acceleration principle

Beam

RF Input
Power Amplifier 

(Klystrons)

Power Coupler

Gap

Waveguide

Lorentz Force
Ą Electrical Field

ĄMagnetic Field

Ą Elliptical cavity

High b

Ą Spoke cavity

Low b

Example of SRF cavities



Accelerator Characteristics 
ElectroMagnetism  - Maxwell



Cavities ïto accelerate Particles
Superconducting Radio-Frequency Cavities for ESS

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 !



Superconducting Magnets

ÅIn a superconducting magnet, the field is given by the current distribution in the 
windings (Biot & Savartôs law).

ÅWhen present, the iron only acts as a flux return yoke

28



Q&A

The speed of light in a vacuum is: 

That means in one second it travels ___

29

300,000,000 meters

400,000,000 meters

None of the above

500,000,000 meters



Q&A

What can particle accelerator be used for ?

30

Cure people

Understand high-energy collision

All of the above

Produce energy



Massive Open Online Course (MOOC) ! 
Accelerate your Teaching

Aim: Use large scale 

Research Infrastructure to teach:

ÅForces

ÅMagnetism

ÅStructure of an atom

ÅLight 

ÅElectroMagnetismé

https://bit.ly/AT_MOOC23


Video Accelerator explanations

%3ciframe%20width=%22560%22%20height=%22315%22%20src=%22https:/www.youtube.com/embed/w6XG62WKUio?si=SDIp29xIys81yl0A%22%20title=%22YouTube%20video%20player%22%20frameborder=%220%22%20allow=%22accelerometer;%20autoplay;%20clipboard-write;%20encrypted-media;%20gyroscope;%20picture-in-picture;%20web-share%22%20referrerpolicy=%22strict-origin-when-cross-origin%22%20allowfullscreen%3e%3c/iframe%3e


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


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 
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Some information on neutron scattering

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


Learning Scenarios

EAGLE MEETING 5 37

üìőċƣќƚШƣőĲШƚůċũũĲƚƣШƣőŔŰŊШŔŰШƣőĲШ
universe?

üLIGHT SCATTERING

Tools : https://padlet.com/  

CERN - "I Love Physics" series, 

2023-01-
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/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


ñScience in School ò

EAGLE MEETING 5 382023-01-
19

https://scienceinschool.org/
https://scienceinschool.org/


Outreach & Education

Reach out high-school learners and teachers

Open Access MOOC, accessible in developing country !

Learn more about Particle Accelerators é..

Č Physics Matters April 25, 2024 incl. Nordic 

Particle Accelerator Project and Videos
Produced by Making Science the Star: 

/ @kenmoestephanemakingscienc7050

Reminder: ASP2021  became the first on-line school gathering all disciplines of Fundamental 

Physics and Applications.

Zoom access, lecture recordings and slides available.

+ Caf® with Avatar and ñScience in the City ò ! (Film series to boost scientific culture in Africa)

https://www.scientix.eu/accelerating-teaching-mooc
https://www.scientix.eu/accelerating-teaching-mooc
https://www.scientix.eu/accelerating-teaching-mooc
https://www.scientix.eu/accelerating-teaching-mooc
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://www.youtube.com/@kenmoestephanemakingscienc7050
https://www.youtube.com/@kenmoestephanemakingscienc7050
https://www.youtube.com/@kenmoestephanemakingscienc7050
https://www.youtube.com/@kenmoestephanemakingscienc7050


Q&A

How many main types of accelerators are there?

40

Two

Three

Four

Five



Q&A

What is the main function of a Cyclotron?

41

Accelerate charged particles

Generate radio-isotope for medical applications

Produce X-rays

Create magnetic fields
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References:
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ÅñScience in Schoolò: open online educative platform
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https://drive.google.com/file/d/1caX1yMuYHy77yebTXqQCkA_GUWjkxN_v/view?usp=sharing
https://drive.google.com/file/d/19cJRLDSXke6X94l3xP9IqpyTBP5En3PH/view?usp=drive_link
https://drive.google.com/file/d/19cJRLDSXke6X94l3xP9IqpyTBP5En3PH/view?usp=drive_link
https://scienceinschool.org/
https://scienceinschool.org/
https://scienceinschool.org/


From Online 

Learning to a 

Real-World 

Accelerator

ǒ SILMARIL activity  

ǒ YouTube: The theory behind all electronics т with Suzie Sheehy 
(ÑőŸůƓƚŸŰќƚ experiment)

43

https://drive.google.com/file/d/1w4uoloV1hGQohVbVwqT_12PsFR2wFS6e/view?usp=sharing
https://drive.google.com/file/d/1w4uoloV1hGQohVbVwqT_12PsFR2wFS6e/view?usp=sharing
https://youtu.be/3_KnJsowgxI?si=PpwciqVu7LMRLMPF
https://youtu.be/3_KnJsowgxI?si=PpwciqVu7LMRLMPF
https://youtu.be/3_KnJsowgxI?si=PpwciqVu7LMRLMPF
https://youtu.be/3_KnJsowgxI?si=PpwciqVu7LMRLMPF
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https://drive.google.com/file/d/19cJRLDSXke6X94l3xP9IqpyTBP5En3PH/view?usp=drive_link
https://scienceinschool.org/
https://scienceinschool.org/
https://scienceinschool.org/
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Q&A

What is a defining characteristic of synchrotrons?

50

Operatesat room temperature

Circular shape

Accelerates particles in a straight line

Accelerates protons, electrons and neutrons



Human accelerator 

51



Conclusion: 

Science for Society !Conclusion

https://cdarve.web.cern.ch/

Courtesy 

Christoph Jan 
Trauernicht

Å Multidisciplinary & Science Transcending Boundaries at every levels !

https://cdarve.web.cern.ch/
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