
France and particles physics. 



https://maps.google.com/maps/ms?msi
d=201113026261016184677.0004e70a01eb
eb2e1555b&msa=0&ll=48.994636,4.1967
77&spn=11.712926,21.137695 

In France there are a lot site 
to study particle physics. 
 
Near  to Rouen, we visited 
the site of Orsay near Paris 
(Masterclasses, SOLEIL, 
Museums in Paris…)  
 
and the site of Caen 
( GANIL, SPIRAL, 
ARCHADE,Cyceron…). 
 
With the project Cosmos at 
school, our physic teacher 
went to the CERN to prepare 
a future visit. 

Our secondary school in Rouen 
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Synchrotron 
SOLEIL   

L'Orme des Merisiers   
Saint-Aubin –  
BP 48  91192  
GIF-SUR-YVETTE CEDEX  
tel: 01 69 35 90 17 

Web site : http://www.synchrotron-soleil.fr/ 

First meeting 
of the Comenius 
project Bewise 
in France. 

http://www.synchrotron-soleil.fr/


The SOLEIL is a particle accelerator called synchrotron, today 
it is not used to study particles, but more so to produce 
« light » that allows us to study organic samples  and minerals.  
It is up to 1010  times more intense than sun light and is 
composed of all radiations from infra-red to hard X-rays. 
There are many applications, in SOLEIL there are currently 29 
lines of light used by industries and researchers. This is 
useful in archaeology to understand whereancient metallic 
objects come from. When you discover a sword for example in 
anexcavation site, it contains metals . This metallic sample 
comes from a mineral that is not pure. These impurities depend 
on the mines from where they were extracted. The study of the 
impurities in an object allows us to determine its origin and to 
conclude ancient commercial routes. 
 
This procedure is also used in medicine, for example, the study 
of the « chikungunya » virus, is a disease we do not yet know 
how to cure, however we do understand its structure much better 
thanks to SOLEIL. 
 
Contact : visites@synchrotron-soleil.fr  
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Masterclasses with the CERN in the LAL 
(Laboratory of the Linear Accelerator) 



Masterclasses with Lund (Sweden) and Durkan (South Africa) 

The international masterclasses are organised each year by the 
CERN. Everywhere  in the world, laboratories which study 
particles physic welcome secondary school students. They allow 
them to discover their passion  by making  a practical work with 
the real data of the CERN  . It is a very interesting activity of 
hands on physics. They discover a lot of facts about elementary 
particles and how we produce and study them today. 
In the morning, after two hours of “coach”travel and a good 
breakfast, we started by conferences to know the different 
elementary particles and the interactions between them. We then 
visited the ACO in Orsay, which is an old circular accelerator 
unused today. We identified on this accelerator, all the 
different parts used to produce, accelerate and curve the 
trajectory of a beam of charged particles. Even if this collider 
is smaller than the LHC, the elements are quite similar. It was 
very impressive and useful to understand how all these machines 
work. 



During this visit, we were fortunate enough to work with 
different members of the laboratory staff, including researchers, 
engineers, technicians and many others.    
For lunch, we devoured pizzas with the staff. After we went to 
computer room to  process one thousand recorded events from 
ATLAS. Our new knowledge allowed us to identify each particles 
created by collisions in ATLAS. We looked to identify W+ bosons 
and W- bosons. Being unstable, they decay in leptons;   
We studied about one thousand events in France, about 25 
different events for each student. In Lund, Durkan and Marseille, 
they did the same work. At the end of the day we gathered all our 
results to make some meaningful statistics and to obtain our 
final measures. Thanks to the world wide web, invented in the 
CERN, it was really easy to collect all the results from all 
countries. We used a videoconference with the CERN and our 
partners to compare our data and conclude, exactly like the real 
researchers from the CERN.   
Contact : narnaud@lal.in2p3.fr 
LAL(Laboratoire de l'Accélérateur Linéaire)   
200 Voie de la Faculté – 91440 Bures-sur-Yvette, France 
Web site :  LAL :   http://www.lal.in2p3.fr/Presentation 

http://www.lal.in2p3.fr/


Second meeting of the Comenius project 
Bewise in France. 

This time, we met in Rouen in 
order to keep on our inquiry 
about elementary particles. Our 
schedule for the two days of 
visit was full of interesting 
activities : 
 
The first day, we carried out 
some experiments and we made a 
lot of hands on physics : 
In the morning we went to hunt 
for muons. Muons are particles 
with a mass of ten to the power 
minus twenty five gram ( lighter 
than the millionth of billonth 
of billionth of gram !!).  



Moreover, they are moving with a speed closed to the speed of 
light. Despite this, we can detect them quite easily.  Their 
speed gives them a high energy. This energy left a track in a 
cloud chamber, a thin line of droplets due to ionization of the 
alcohol.  A little bit of alcohol, a fish tank, a cold source(dry 
ice)and a lot of patience are enough to observe a few tracks . 
These tracks have distinctive shapes and we can identify 
particles like muons. 
http://www.youtube.com/watch?v=400xfGmSlqQ 
After, we worked with a software made by the CERN and called 
Minerva. We had discovered this software during the masterclasses 
in Orsay. Minerva allows us to study real data from the CERN, to 
identify particles detected by the detector ATLAS on the LHC. We 
studied a few events obtained during collisions in ATLAS within 
the last years and observed the product of the decay of bosons W+ 
and W-.By using, this software, you can easily understand how we 
study and discover new particles today. It's a fantastic 
experiment. 

http://www.youtube.com/watch?v=400xfGmSlqQ


The afternoon, we went to practice dragon boat on the Seine. 
Dragon boats are human-powered watercraft traditionally made in 
China. On these crafts students row in groups of ten in the 
rhythm of a drum. A funny and collective way to discover 
beautiful landscape around the Seine. 
http://www.dailymotion.com/video/x32hsz_le-dragon-boat_news 
The day after, students prepare presentations on the outcomes of 
particles physics. First, they organised groups with different 
nationalities and choose their topic. We were in the library to 
have a lot of different sources of information: internet, books, 
and previous productions. The whole morning was very active and 
productive. Just before lunch, each group presented their 
slideshows. In the afternoon the partners went back to Paris in 
order to go to the top of the Eiffel tower, before returning to 
their country, another must do experience. 

http://www.dailymotion.com/video/x32hsz_le-dragon-boat_news


Museums and particles physics  in Paris 

A trip to Paris offers a lot of possibilities to organise visits about space and 
particle physics. There are two science museums where you can learn many 
things about  the very small and the very large in the universe: The "cité des 
sciences" and the "palais de la découverte". Moreover, we can visit a lot of 
laboratories of research.  With the students, we chose to visit the "palais de la 
découverte", because it offers some conferences about a lot of different topics 
like cosmic rays. For the first time, we saw a cloud chamber and a muons 
detector.  We also understood many things about the future evolution of the 
universe, the different theories like the big freeze, the big crunch.... 
 
The " palais de la découverte " : http://www.palais-decouverte.fr/    
The "cité des sciences" :             http://www.cite-sciences.fr/fr/cite-des-sciences//  
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UNIVERSITY 
ENSICAEN 

CYCERON 

CIMAP 

CIMAP 

ARIBE 

GANIL 

LPC Caen 

In fact, there are some 30,000 accelerators worldwide, though most 
are small and used for medicinal or industrial purposes.  
A lot of this companies are grouped together in the same area.  In 
Caen we visited two places  the GANIL where we accelerate entire 
nuclei in order to study the strong forces at work inside of a nucleus 
and Cyceron where they study medical imaging and nuclear medicine. 

Visits in Caen 
The  second important place to visit 
near Rouen is Caen. There are a lot of 
companies and centre of research 
which need accelerator of particles.  

Présentateur
Commentaires de présentation
The  second important place to visit near Rouen is Caen. There are a lot of companies and centre of research which need accelerator of particles. In fact, there are some 30,000 accelerators worldwide, though most are small and used for medicinal or industrial purposes. A lot of this companies are grouped together in the same area.  In Caen we visited two places  the GANIL where we accelerate entire nuclei in order to study the strong forces at work inside of a nucleus and Cyceron where they study medical imaging and nuclear medicine.

http://www.archade.fr/downloads/Plaquette_FR.pdf


Visit of the GANIL. 
 
 
In the beginning of the visit we were in a conference room, where the guide show us a 
presentation of the place where is the GANIL. This place is composed by the GANIL, 
Cyceron, other laboratories and a university.  
 
There are a lot of different nuclei and the GANIL try to find new ones, and for that they 
do principally one thing. They increase the speed of nucleus and they throw them on a 
small target, then they gather  new ions or nucleus. But the machines just work 6 
months of the years, the other 6 months the Scientifics prepared the experiments. 
 
The GANIL is a centre of physics and nuclear search. The researchers work and 
accomplish experiments with ions. Inside the GANIL, we saw the source of the ions, the 
two cyclotrons used to accelerate the particles and the detectors used in experiment 
rooms. All these components are linked by beams lines which drives the ions. The 
beams lines are orientated by magnets which deviate the particles trajectory. The 
magnetic field is produced by the union of copper and electricity. In the beam line there 
are 1000 billions particles. The particles are driven very quickly at 10000 km/s in 
vacuum.  



The control room of the GANIL. At 
the top we can see all the beam lines 
from the source to the cyclotron and on 
the right hand side driven to the 
experiment rooms.  
All the part of the accelerator if 
controlled from here. 

One of the two cyclotrons used to 
accelerate the heavy ions in the 
GANIL. In green you can see the 
metallic frame of the magnets. 



We can see the beamline next to the cyclotron. Along 
the beam line we can see magnetic quadripoles to 
focus the beam and a magnetic dipole to curve the 
trajectory of the beam. 

At the end the beam is conducted in an 
experiment room, for example here we can 
see a spectrometer to identify the produce of 
the collisions. 

Between the two 
synchrotron there is a 
stripper which remove 
electrons from the ions. 
The charge of the particle 
is increased and it's easier 
to accelerate.  



In the afternoon, we went to Cyceron, a bio-
medical imaging centre of research.  
 
First we had a conference, it presents the centre 
and explain the different equipments that we 
can see during the visit. It is a  place where they 
use a particles accelerator to make radiotracers 
and they use them for medical projects like 
treatments for cancers. 
 
Then researchers explained us how work 
different machines for obtaining useful medical 
image. We saw  
•   a CT-scan combined with a PET  
•   a device to send  X-rays on animals 
•   an MRI scanner. 

Cyceron 



Image acquired by the PET 
 
Image acquired by the CT-scan 
 
These images are combined into a 
single file which shows biological and 
functional information simultaneously.  

The PET-CT we saw in Cyceron (Caen). 
It combines a P.E.T and an X-ray 
Computed Tomography. 
 

                   Positrons are used in P.E.T → Positron Emission Tomography. 
 
It is a diagnostic tool used to detect tumors and find out the cancer's stage. It is a new way 
allowing to find precisely where the cancer is located in the body. This diagnostic is used to 
evaluate what kind of treatments can heal patients.  
 

 
 
 
 
 



  
Directive x-rays 

In Cyceron they use acombined equipment for 
annimals, with a CT-scan and an directive x-rays  
apparatus of radiotherapy to be able to cure and to 
observe the tumour simultaneously. It's very 
important to minimize the dose used for each patient 
and to avoid damages on healthy tissues. 
 

The energy to be directed 
at any part of the body 
from any direction. By 
changing the direction of 
the beam we can protect 
the healthy tissues. 
 

 
 

The direction change  
for  each beam : 
We need 60 Grays to kill a 
cell so we can use 9 grays  
along each beams : 
If there are 7 beams 
9x7=63 grays on the tumor 
9 grays on the healthy cells !  



The MRI (Magnetic resonance imaging): 
 
It's a very interesting technique to obtain precise images of the body. This time we 
use a strong magnetic field and radio waves which interact with hydrogen atoms in 
our body. It's the only technique which avoid ionizing radiations ! 

This equipment is a very interesting tool to prepare the project ARCHADE. 
ARCHADE is a hadron therapy centre of research which will be build in 2016 near 
the GANIL and Cyceron. 



Farther away from Rouen, the CERN is  the first place in mind of anyone who 
study particle physics, the main centre in Europe. We tried to go there for our 
project, but it was too difficult to organise. 
Fortunatly our productions in particles physics, allowed us to participate to a 
French project called  « Cosmos at school ». With this project, I was invited to a 
week long visit and training course in the CERN. It was really fantastic, and we will 
visit it with students as soon as possible.  
There are several difficulties to tackle if you want to organise a trip with students. 
The biggest obstacle  is that you cannot choose the experiment you will visit. It is 
a centre of research, and the different sites are not always accessible for a visit.  

A visit to the CERN 



On the online registration form, you choose only the date. A few days before your 
visit, they will check which part of the CERN you will be allowed to visit.   If you 
cannot go down in the caves of the experiments, you will see a film and a few 
elements used in the detector. The guides  are currently working or  have worked 
in the CERN so they always have interesting way to present the experiment and 
anecdotes. Howevere,  it is  a little frustrating for students when they cannot visit 
the real detector.  When I visited with other teachers, fond of particles physics, we 
collected the email adresses of all our guides. In fact, the best way to organise it 
is to have contacts inside the CERN, in order to know when the different 
experiments are open and to be able to visit the places you would like to.  
To prepare the visit, you can see it virtually on Google map and all the detector 
are accessible. The CERN website  is a real gold mine of information. A lot of 
conferences are filmed and so you can access then online. The CERN is a mix of a 
lot of nationalities and you will find a lot of interesting presentations in many 
different languages. If you would like, you can watch the formation for teachers, 
for students or even for specialists.  
https://indico.cern.ch/conferenceDisplay.py?confId=266084 

https://indico.cern.ch/conferenceDisplay.py?confId=266084


Control center of AMS. 

The Alpha Magnetic Spectrometer  is a particle-physics detector attached to the outside of 
the International Space Station . It detects cosmic rays and measure their caracteristics in 
order to looks for dark matter and antimatter. At the CERN you can visit the AMS Payload 
Operations Control Centre. We were lucky enough to meet the nobel price winner Samuel 
Chao Chung Ting who is at the origin of the project. 



Visit of CMS. 

The Compact Muon Solenoid (CMS) is a general-
purpose detector at the Large Hadron Collider (LHC). It 
investigates the Higgs boson, and particles that could 
make up dark matter. It is a fantastic visit because when 
the detector is unused it is seperated in several parts 
and we can really see the inner parts of the detector. 
CMS and Atlas published together their discovery of the 
Higgs boson. 



Visit of the Globe et the microcosm. 

At the CERN, we visited two small expositions : the Globe and the Microcosm . Microcosm 
presents some experiments to introduce and understand particle physics and the Globe 
shows  some historical devices like the first world wide web server and some interactive 
content.  



Visit of LHCb. 

In the LHCb cave, we saw two detectors, LHCb and DELPHI 
which is now unused  . It was one of the four 
large detectors on the Large Electron-Positron 
collider (LEP). It's a great occasion, to get really close 
to the detector and to see the evolution between it and 
the today's detectors.  
The Large Hadron Collider beauty (LHCb) 
experiment is a specialized detector, build to 
investigate the differences between matter and 
antimatter by studying beauty quarks. 



Visit of the LINAC the LEIR. 

To reach a speed very close to speed of light, we need several accelerator, the first one is 
linear, it is called LINAC. They obtain protons from a bottle of hydrogen and start to 
accelerate them. After this first step protons are driven in a series of circular accelerators 
bigger and bigger before being injected in the LHC. The first circular accelerator is the 
LEIR. It's the best place to understand the differences between linear and circular 
accelerator.  



Visit of SM18. 

In this large building the different elements of the LHC are tested, with the real 
conditions of vacuum, electric currents and magnetic fields. Most of the time, we 
cannot access to the LHC tunnel  so here we can see the different elements that 
you find in it to focus, to bend and to accelerate protons in the beam. 



Visit of the computer centre. 

The data collected by the CERN are incredibly large. To store one year of data, 
you would need about a stack of cd-roms about 15 km high . Moreover, to 
simulate or to process the data they need an enormous capacity of calculations. 
In order to solve this problem, the CERN develop the grid, which is a way to 
distribute these calculation on thousand of computers gathered in computer 
centres all over the world. One of these control centres is at the CERN. 



Visit of the LHC Control Centre. 

The place where they control the beams of protons and its acceleration through 
the different parts of the accelerator. 



Visit of AD and ALPHA experiment. 

ALPHA makes, captures and studies atoms of antihydrogen and compares these with 
hydrogen atoms. To realise this we must produce antiprotons and we must decrease their 
speed by cooling them. This is the  Antiproton Decelerator (AD) role. 



Visit of ATLAS. 

ATLAS is the biggest detector on the LHC. It is a general-purpose detector which 
studies the Higgs boson or particles that could explain the dark matter.  
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