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Install the "Kahoot!" app (or go to kahoot.it on your browser) before class begins so that
you're ready to participate.

Particle accelerators are currently used at several Kenyan hospitals in cities like Mobassa [!]
and Nairobi |2, 3, 1].

1 Particle accelerators are already in Kenya

According to [5], Kenya recorded around 44,700 new cancer cases in 2026 and 32,000 deaths so
far. In Kenya, there are linear accelerators installed in hospitals to treat cancer patients. Particle
accelerators use high-energy particle beams to destroy cancer cells with precision, while sparing
healthy tissue around the tumor.

2 How do particle accelerators work?

The Lorentz force is the force experienced by a particle of charge ¢ moving at a velocity v in an
electromagnetic field. It is expressed in SI units as

F=¢E+vxB) (1)

2.1 Experiment: The Van de Graaff Generator

Mini contest: draw a graph of how the Van der Graaff generator works and send it to
laury.batista@universite-paris-saclay.fr within 3 days. The winner will be included in the course
handout for future years.




F =¢E (2)

This expression shows on one hand that in an electric field, the particle experiences a force
that is directly proportional to its charge and the strength of the electric field. The direction of
this force depends on the sign of the charge. For a positive charge, the force is in the direction
of the electric field, and for a negative charge, it is in the opposite direction.

In a particle accelerator, the electric field is used to accelerate particles

2.2 The Thomson Experiment

Figure 1: Thomson experiment

F=qvxB (3)

The interaction of the particle with a magnetic field requires the particle to be moving. The
magnitude of the force is proportional to the charge, the velocity of the particle, the magnetic
field amplitude, and depends on the sine of the angle between the velocity and the magnetic field
direction.

In a particle accelerator, the magnetic field is used to bend the particles trajectory

3 Interactive visualization: SILMARIL

To finish, we will use a simulation tool created by the SILMARIL team, to see directly how
electromagnetic elements (dipoles, quadrupoles) act on a particle beam.



Guided questions for the 2D plot
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Figure 2: Evolution of the transverse size of the beam as it travels along the accelerator (SIL-

MARIL tool)

o “What is the x-axis?”
o “What is the y-axis?”

e “What does this plot represents?”

Guided questions for the 3D visualization
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Figure 3: 3D view of a particle bunch (SILMARIL tool)

e “What is the x-axis?”’
e “What is the y-axis?”

e “What does this plot represents?”

Impact of dipoles and quadrupoles

e Dipoles: they bend the beam’s path

e Quadrupoles: they focus the beam horizontally while defocusing vertically (and vice

versa)



The people that helped to prepare this course

The introduction on the applications was prepared together with Naomi Chege, a Kenyan student
currently doing a PhD in stem cell biology in Canada. The first part of the course was prepared
at Science ACO, a particle accelerator museum at the Paris-Saclay university in France and the
second part of the course was prepared with the SILMARIL team.
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