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Myself

Former Section Leader 
(2010-20) on collective effects 
and beam instabilities: ~ 20-30 people

Former coordinator of the  
CERN PS, SPS, LHC Injectors 

Machine Studies, and finally LHC

2024

Task Leader on collective effects  
since the beginning (2011) until 2023

Since 2021

Since 2021

i.e. in particular when the Higgs Boson 
was discovered on July 4, 2012
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Mont Blanc

Lake Léman
(“Lake Geneva”)

Mont Blanc

Lake Léman
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4 EU-funded challenges (2022-25)  
=> Potential new applications
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Particle accelerators
◆ Particle accelerators are devices that handle the motion of particles by 

means of EM fields 

◆ 3 conditions must be satisfied 
✴Charged particles (e.g. p+, e-, ions or anti-particles) 
✴Stable particles (during the manipulation time) 
✴Sufficient vacuum 

◆ The motion of a charged particle is governed by the Lorentz force 

◆Classical relativistic mechanics (i.e. Newton’s second law of 
motion, including special relativity) is what is most often used            
=> Quantum mechanics needed for instance for radiations emitted 
by particles, scattering and superconductivity
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Nobel Prize in 
physics in 1939  

(for invention and 
development of 

cyclotrons)

Accelerators 
contributed to  

26 Nobel Prizes in 
physics since  

1939
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Linac

Cyclotron

Synchrotron Rhodotron W. Mondelaers

Different types of PA
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Photon vs. neutron sources

M. Eshraqi
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Contents
◆ 1) Large research facilities and synchrotron light sources 

✴ ESRF: European Synchrotron Radiation Facility (Grenoble) 
✴ SOLEIL: National synchrotron (Île-de-France) 
✴ ThomX: Compact high-intensity inverse Compton X-source (IJCLab) 

◆ 2) Accelerators dedicated to fundamental and nuclear research 
✴ GANIL: Grand Accélérateur National d’Ions Lourds (Caen) 
✴ CERN: European Organization for Nuclear Research (Ain region) 

◆ 3) Accelerators for healthcare, medicine, and isotope production 
✴ Linacs 
✴ Cyclotrons 

◆ 4) Specialized laboratories and platforms 
✴ Irradiation facilities 
✴ Ion beam facilities 

◆ 5) Cultural and non-conventional applications 
✴ AGLAE, AIFIRA…, ELISA
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Collaborative 
Research Group

844 m
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SOLEIL II  
upgrade project 

(towards 4th 
generation)  

=> 2025-2030: 
construction  

phase
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GANIL

B. Jacquot

SPIRAL2 = Système de production d’Ions Radioactifs en Ligne de 2e génération

                         22



E. Métral, Atelier “Accélérateurs, Recherche et Société”, LPSC, Grenoble, 25-27/03/2026

A. Faus Golfe

                         23



E. Métral, Atelier “Accélérateurs, Recherche et Société”, LPSC, Grenoble, 25-27/03/2026

 

 

Contents
◆ 1) Large research facilities and synchrotron light sources 

✴ ESRF: European Synchrotron Radiation Facility (Grenoble) 
✴ SOLEIL: National synchrotron (Île-de-France) 
✴ ThomX: Compact high-intensity inverse Compton X-source (IJCLab) 

◆ 2) Accelerators dedicated to fundamental and nuclear research 
✴ GANIL: Grand Accélérateur National d’Ions Lourds (Caen) 
✴ CERN: European Organization for Nuclear Research (Ain region) 

◆ 3) Accelerators for healthcare, medicine, and isotope production 
✴ Linacs 
✴ Cyclotrons 

◆ 4) Specialized laboratories and platforms 
✴ Irradiation facilities 
✴ Ion beam facilities 

◆ 5) Cultural and non-conventional applications 
✴ AGLAE, AIFIRA…, ELISA



E. Métral, Atelier “Accélérateurs, Recherche et Société”, LPSC, Grenoble, 25-27/03/2026

CERN

                         24



E. Métral, Atelier “Accélérateurs, Recherche et Société”, LPSC, Grenoble, 25-27/03/2026

CERN

                         24



E. Métral, Atelier “Accélérateurs, Recherche et Société”, LPSC, Grenoble, 25-27/03/2026

CERN

                         25



E. Métral, Atelier “Accélérateurs, Recherche et Société”, LPSC, Grenoble, 25-27/03/2026

CERN

=> See “Histoire française des accélérateurs de particules” (Conférence: 150 ans 
SFP, Louis Rinolfi) 
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◆Usual radiotherapy with Linacs 
✴Electrons 
✴Electrons + target to create X-rays from Bremsstrahlung 

◆ Proton therapy with Cyclotrons => 3 main centers 
✴ Institut Curie (Orsay & Paris) => One of the oldest proton 

therapy programs in Europe 
✴Centre Antoine Lacassagne (Nice) 
✴Centre CYCLHAD (Caen) 

◆ Production of radioisotopes with Cyclotrons 
✴ARRONAX (Nantes) 
✴CYRCé (Strasbourg) 
✴CEMHTI (Orléans) 
✴…
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Contents
◆ 1) Large research facilities and synchrotron light sources 

✴ ESRF: European Synchrotron Radiation Facility (Grenoble) 
✴ SOLEIL: National synchrotron (Île-de-France) 
✴ ThomX: Compact high-intensity inverse Compton X-source (IJCLab) 

◆ 2) Accelerators dedicated to fundamental and nuclear research 
✴ GANIL: Grand Accélérateur National d’Ions Lourds (Caen) 
✴ CERN: European Organization for Nuclear Research (Ain region) 

◆ 3) Accelerators for healthcare, medicine, and isotope production 
✴ Linacs 
✴ Cyclotrons 

◆ 4) Specialized laboratories and platforms 
✴ Irradiation facilities 
✴ Ion beam facilities 

◆ 5) Cultural and non-conventional applications 
✴ AGLAE, AIFIRA…, ELISA
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◆ E.g. JANNuS = Joint Accelerators for Nanosciences, Nuclear 
and Simulation — a research platform near Paris combining 
multiple ion accelerators and advanced microscopy to study 
how materials respond to irradiation 

◆ In France, industrial accelerators are everywhere (factories, 
hospitals, laboratories, ports, customs, etc.) often small and 
specialized, essential but invisible
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◆ ELSA (Electrons, Lasers, Source X et Applications) from CEA => Direction des 
Applications Militaires (DAM)  
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◆ AGLAE = Accélérateur Grand Louvre d’Analyse Elémentaire 
(Louvre Museum, Paris) 
✴4 MeV p+ (with also alpha particles) 

✴26 m (10 tons) 

◆ AIFIRA (Bordeaux), etc. 

◆ ELISA = Experimental LInac for Surface Analysis (Science 
Gateway, CERN) 
✴2 MeV p+  
✴1-m long RFQ @ 750 MHz
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◆ France has a diverse ecosystem of particle accelerators, including: 
✴Large research facilities (synchrotrons such as SOLEIL and ESRF; 

heavy-ion laboratory like GANIL) 
✴Facilities for healthcare and isotope production (medical cyclotrons) 
✴As well as specialized research platforms and cultural applications 

(such as AGLAE) 
◆ These infrastructures support fundamental research programs, industrial 

and biomedical needs, and a wide range of societal applications 
◆Ongoing / future accelerators 

✴Laser plasma acceleration 
✴PERLE (e- Energy Recovery Linac: 3-pass with SRF technology) 
✴ ICONE: a new French neutron scattering source 
✴Etc.

Conclusions
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Summary from SFP in 2019  
“Les activités Accélérateurs en France”
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https://irfu.cea.fr/dacm/public/brochure%20accelerateurs%202019.pdf
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