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/ Plateformes nédagogiques

/a/ initiation
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pour les scolaires

Telescope pilotable a distance @ Ohservatoire de
Haute-Provence

httn://iris.Jlam.fr/

https://eperon.omp.eu/

Plateforme Educative Rayons cosmiques et muONs



/ Plateformes pédagogiques

WEB série Le saviez-uous ?

1épisodes (4]
Matiere noire, antimatiere, gravite,

BRI YouTube / Lo Saviez-Vous 2 TV

B2 & O3

Wehdocumentaire sur Ia matiére noire
lamatierenoire.ir
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Plateforme Educative Rayons cosmiques et muONs

Apprendre la physique avec la
physique contemporaine

Plusieurs experiences surla
physique des rayons cosmiques
@ Ohservatoire du Pic du Midi

Accessihilité des données et des
expeériences en ligne
Laloratoire virtuel

Education / Formation:
Du secondaire (Lycée) a
I'enseignement supérieur



1/ Le rayonnement cosmigue
aujourd’hui : des sursauts gamma
aux pyramides

2/ e-PERON

3/ Les experiences

4/ Quoi en faire 3

9/ Avous de jouer



1/ Le rayonnement cosmique
aujourd’hui : des sursauts gamma
alx pyramides



Exposition moyenne de la population aux rayonnements ionisants

Bilan IRSN 2015
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0
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UN RISQUE EN ALTITUDE

Exposition aux rayons cosmiquies en microsieverts par heure
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Composition of Cosmic Rays
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Modulation solaire  Fryy de rayons cosmigues
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> Indirecte
> Ultra haute energie
> Au-dessus de I'atmosphere



Strategies ?
> Indirecte

Neutrinos — KM3NeT, Ice Cube Gamma — HESS, CTA, HAWG...




Strategies ?
> Ultra Haute energie
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> Au-dessus de I'atmosphere




Les retomhees du rayonnement cosmigue

> Impact sur I'environnement terrestre

Table 1 Cosmogenic isotopes for in-situ
exposure age studies of terrestrial rocks

Half-life Principal targets

Isotope (years) (lithosphere)
*He stable 0, Si, Al, Mg, etc
""Be 1.5x10° 0, Si, Al

e 5730 C,0

*'Ne stable Mg, Na, Si, Al
A1 0.71 x 10° Si, Al

¥C1 0.30 x 10¢ CL K, Ca

*Mn 3.7x10° Fe

131xe stable Ba
Cosmonucléides
Geomorphologie

Déclenchement de 12 foudre &
Physique atmosphére

/ < oo

Formation des nuages

Cimatologie, physique



> Impact sur les activités humaines

— Santé des personnels navigants
Cancers, cataracte

— Dommages neuronaux pendant vols spatiaux
Probiématigue pour vol habité vers Mars

— Electronique

Accidents auto et aérien recenseés
Nanoélectronigue



Les retomhees du rayonnement cosmigue

> Le rayonnement cosmique comme sonde

— Tomographie muonique
Archéologie (pyramides]
Volcanologie

Géologie martienne
Industrie nucléaire

— Nivologie




2/ e-PERON



Ohjectifs
- Faire rentrer 1a science contemporaine dans les classes

— Mettre a disposition des donneées de qualité
scientifigue
— Pas de mateériel
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Organisation
Financements OCEVU 2012-2018: 65 k€

Coordination générale : Cyrille BAUDOUIN

Coordination scientifique : José BUSTO (CPPM) & Damien DORNIC (CPPM)

Soutien technique et scientifique (analyse des données, implémentation,
maintenance, réseatu, weh) :

Guillaume Chamak [OMP), Olivier Espagnet (OMP), Alain Klotz (IRAP), Aurore Mathieu
(CPPM), Damien Turpin (URAP), Pierre Vert (OMP)

+Stagiaires : Antoine Auvity (L3/2016), Yannick Gosset (DUT, 2017, Lou Byrnes (DUT,
2018), Cécile Roques (ENS, 2018)
Equipes techniques (CPPM, OMP)

7T ——

Observatoire Sciences a l'E)cole
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CENTRE DE PHYSIQUE DES : i C
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Le principe



Le principe




Le princi

Scintiliation —— Detection




Le principe

Scintillation —— Detection —— Acquisition




Le principe

Scintillation —— Detection —— Acquisition —— Stockage




kkhan@ | chanl | chan2 | chan3 | R®@ | R1 | R2 | R3

415.000000 ©.000008 91.599637 87.799653 82.9

84287 90.484194 34.483916 ©.000080 8.200088

91.639267 87.829328 82.8
81187 ©.000000 1.288816

Données hrutes
Universités
llicence Master,
oumn

gcer | Delta time

Visualisation graphique
lycées

lycees, DUT



3/ Les experiences



3/ Les experiences

> Effets ESt/Ouest
> Expeérience de Rossi
> Vie moyenne du muon

> Donnees environnementales



3/ Les experiences

> Effets Est/Ouest
> Expérience de Rossi
> \lie moyenne du muon

> Donnees environnementales

D’oll vient notre connaissance du rayonnement 2
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Chamber 1

EN o

|

Chamber 2

lon pairs/(cm?s)
lon pairs/(cm?s)

20

10 =

2 4 5 2 4 6 8
Altitude (km) Altitude (km)

Mesures effectuées par Viktor Hess et
Werner Kohlhorster

v Les resultats de ces ohiservations semblent pouvoir étre interprétées simplement
en assumant guune radiation de trés haut pouvoir pénétrant provient den haut dans

I'atmosphére » \iktor Hess (1912)



§ T

nl‘enl:fy a Sca‘-l‘eud

f

’9'35 :
chn] I

— -1 o — — ] -
[ . S R ) L wm 27T |

|..W“i‘ua‘ru-ﬁﬁm T

- o LTI -

THE
PHYSICAL REVIEW

A Journal of Experimental and Theoretical Physics

VoL 43, No, 2 JANUARY 15, 1933

SECOND SERIES

On Compton's Latitude Effect of Cosmic Radiation

G, LEMartee axp M, 5, Vavvagra, Dniversity of Loswndn and Maossechusetls Tustitule of Techuology
(Received November 18, 1932)




— Effet ESt/Ouest
— T.Johnson & J. Street (1932], A. Compton & L. Alvarez (1932],
B. Rossi (1933)
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FrG. 1, Armmangement of cpincidence counting tubes for
studying Kast-West asymmetry of cosmic rays,
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Effet Est_Ouest
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Effets
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V & y & - ) 4
— Donnees pretraitees

>+ (e flux de I'Ouest

> iminue avec
I'angle zénital



Etude systématique du RC

— B. RoSSi
— Meéthode physique des
narticules
— Amelioration des techniques
: e détection (triple

- coincidences)

>
N
D



Nuclear disintegrations with electronic elements 89
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Plate 92

— 1composante « molie » et une composante « duren
— Creéation d’'une gerhe par particules secondaires
— Image des gerhes (P Blackett & G. Occhialinil
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Rayons
Cosmiques

PIaqUe de
plomb

- Détecteurs
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— Donneées pretraitées
— 2 fichiers

Horodatage  EPaisseurPh(cm)
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Horodatage coincidence
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— courhe de transition de Rossi

800 1000
Number of days since 18/06/2015 (sampling 60 min)

Triple coincidence rate (Hz)
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— GChambre a brouillard a declenchement [Blackett et
Occhialini)

— Interface physique nucléaire / physique quantique / rayons
cosmiques

— positron (1932), muon (1936...), pions (1947), kaons (1949]), ...
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1950 LE GROUPE PMS BLACKETT DECOUVRE UNE NOUVELLE
PARTICULE A L' OBSERVATOIRE DU PIC DU MIDI

1953 : LE CONGRES INTERNATIONAL SUR LE RAYONNEMENT

COSMIQUE REUNI A BAGNERES NOMME CETTE PARTICULE
“HYPERON ~

/BE MONUMENT REPRESENTE LA TRACE DE L'HYPERON
hd ¥ :

CONGRES INTERNATIONAL

SUR LE

RAYONNEMENT  COSMIQUE

s m}m\é;_.rf PAR

‘_HLT TE DE TOULAUSE

.{sotyir LE PATRONAGEDEL’ U :p;ff
EC LAPPUI DE L* UNESCO

BAGNERES DE BIGOREE JUILLETrp53

— 1937-1938 : étude des grandes

- :etute gerhes (Ruger et al)
1349 -1956 :‘ | equipe de Manchester (Blackett et al)

— 1993 : Congres Bagneres de Bigorre

-
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— [onnees pretraitees

Temps de vie du muon
Horodatage (microsec)
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Vie moyenne du
muon

— Donneées pretraitées
— Relativité restreinte
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& Complements

eR0MN

Plateforme Educative Rayons cosmiques et muONSs

— Données environnementales:
radon, aérologie, activité solaire

— Telescope a muons




eR0MN

Plateforme Educative Rayons cosmiques et muON¢

— Données environnementales:
radon, aérologie, activité solaire

— Telescope a muons

— EXpeérience Auger




4/ Comment exploiter les
experiences ?



4/ Comment exploiter les
experiences ?

Site web
hitps://eperon.omp.eu

Plateforme Educative Rayons cosmiques et muONs I

— Acces aux donnees

— Ressources : fiche d’activiteé,
protocole expérimental, sciences
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Plateforme Educative Rayons cosmigues et muOhs

—uCleenmainndetype TP:2h

Expérience: Vie movenne du muon
Activité-type

Niveau - Terminale 5
Duree : 2 heures
Logiciels utilises : Libre Office Calc 5, Regressi 4.0
Pravequis
*  Rayowmements dans I'Univers
s Notion: de durde propre

1) Contexte de I'expérience )

1/ Représentation graphique des données expérimentales, modelisation et
détermination de la vie moyenne do muon

3/ Anmalyse des données

4) Interprétation de I’ expérience

Annexes -

A Y Recuperation ef mise en forme des données dans un tableur (pour les
emseiznants en amont de I"activite)

A Y Aide pour la modélisation avec Regressi (pour les éléves)



—uCleenmainndetype TP:2h

— Mode plus libre : interdisciplinarité
Encadré ou en autonomie
Ateliers scientifique, TPE...



—uCleenmainndetype TP: 2h

— Mode plus libre : interdisciplinarite

»y »y - y 4
— Récupération des donnees en amont, formatage des
données



—uCleenmainndetype TP: 2h

— Mode plus libre : interdisciplinarite

»y »y - y 4
— Récupération des donnees en amont, formatage des
données

— EXploitation des contenus



9/ Avous de jouer!



— Fonctionnement des experiences depuis 2015
— Base de donneées en cours de remplissage

— Donnees brutes + données prétraitées

— Tutoriels en cours

— Visualisation graphique : en cours



)le ord.

Expérience

Du jj/mm/aa, hh.min
au jj/mm/aa, hh.min
XX j

A

Représentation des données

Variables

Echelle

Couleur

Type

Incertitude

Abscisses (o]

rdonnées

Menu déroulant M

enu déroulant

Menu déroulank M

enu déroulant

Menu déroulant

Menu déroulant

[ Affichage

x1

Modélisation des données

Type de
modéles

Intervalle

Equation

Chi2

Menu déroulant

Résultats

Paramétrage

Echantillonnage




v Acquisitions sur des temps longs

v Pas de matériel, juste des donneées

v Plusieurs expeériences

— Complémentaire du cosmodétecteur

v Retours/améliorations de l'offre (données, ressources)
v’ Construction participative



Global Cosmic Ray Studies

Projects for High School Students

There are severs| projects around the world
opportunity to explore cosmic particles. The:
the web pages.

FIMLAND

Callio Lab: Doing
are really interest
Callio Lab, in Fin
2010, is based on the cosmicray experimen
axercises with simple dats and detectors. Th
taken out into the community by participatin
and organizing theme weeks on physics topi

Lab

Cosmos a I'Ecol
“Institut Mational
the CNRS and S
which is promatir
detectors called *
{CPPM) and given to high school teachers s
recaiving the detector — s one waek-long sei
technical course in Marseilleto learn how to

through a dedicated internet forum and pres
Cosmodétecteur. There are cumrently 30 sudt

" e-PERON: 8 vi

. research labor
Midi-Fyréngas

RDH school to unive

Piatelame Dhucativs Bupoas restioucs 8 =0 Dlatfonm online
several ones {muon lifetime, EastiWest effec
downlosd the dsta during a choosen period
French Pyrenees and are running continuou

M _(the official website is

GERMANY

c icg@\
COSMIC@WEB di:fserl:n‘tex
) feriace von physik bagreifen in Zovian data on the

resaarch ps

—g:\ Netzwwerk Teilchenwelt: On the track of the Big B
( e e e Teilchenwelt” one can enjoy particle physics and
* workshops in schools, student |abs or museums, yo

the wheole of Germany experience the world of w

from science or their own experiments. If you want to know maore, join the net
and participate in wordshops at CERN in Geneva. Website:

POLAMD

Cosmic-Ray Extremely Distributed Observato
wide network of cosmic ray detectors, utilising b

THE GUEST FOR UNEXPECTED 2 public mobile devices such as smart phones, Tt
look for cosmic ray events which are extended in both time and space and thy
detectors to identify. Such events have interdisciplinary applications in areas
weather as well as astrophysics. The involvemeant of non-professicnal science
by Dark Universe Welcome where citizen scientists are invited to explore the o

the world, classify them and identify patterns.Website: CR

RUSSIA
Showers of Knowledge iz an cpen cutreach educational project that sims to
an analysis of data of the of real online cosmicrays experiment. It is develop:
Research (Dubna, Russia). The project consists of the distributed setup for rese
{"mermaid™), comprising 11 stations located in the area of about 0.5 km in dia
portal livni.jintru, where users can run 8 variety of pre-made datas analysis soi
Our feature is the possibility for users to communicate with real particle physic
Website: Sho

SPAIN

Cazadores de Rayos Gamma is 8 high enengy astrophysics web 3
analyse data from the MAGIC telescopes using a8 python programi
application combines s storytelling approach with science and pr
users. 4 PhD students intreduce the user into high energy astrphys

© and ansalysis done with the MAGIC telescopes. The user will leam
related to Super Nova Remnants, Black Holes, Dark Matter,... and also about ¢
85 Casiopea A or the Crab Pulsar. The project was developed at the Institut de
Barcelona. At the moment cnly 8 spanish version iz available. But soon it will
Website: Gosmici@iVeb

SWEDEN

® Cosmic ray outreach in Stockholm: The Royal Institute of Tech

TAIWAN

3 QuarkMet-TW started in 2008. While we have worked with both high

E school and university students, most participants haw.e been university
students. We have prepared full usage of raspbeny pi and python
% programs. {Using the Quarkhet detector is included in the senior course

"Experiment for Modemn Physics” by the Physics Department of Mational Cheng Kung University. ) However, we
are moving QuarkMet-TW to the Taipei Astronomical Museum {TAM) which is more practical for high school
students. In addition to uploading data to e-Lab, students can analyze and view their data in real time.
Extensions to astronomy become possible at TAM, and interested students can do some hands-on experiments
related to electrical engineering.

I e e . Detecting Cosmic Rays — pessible student projects: Three portable
UN I"' ERSITYOF scintillation telescopes, each comprising a pair of scintillators, have
BIRMINGHAM been constructed, following the QuarkNet design, in the School of

Physics and Astronomy at the University of Birmingham. These
telescopes can be set up and used conveniently by students to measure the flux of cosmicrays; its dependence
on distance between the scintillators, on zenith angle and on height (e.g. on the successive floors of a building).
Results can also be stored and analysed using standard QuarkMet software. These telescopes , with worksheets

outlining pessible investigations, can be bomowed by schools and colleges for student projects. For more
information, please contact :
Website: Legin as a guest to view Birm

High School Project on Astrophysics Research with Cosmics [HiSPARC) is a project in which
secondary schools and scademic institutions join forces and form a network to measure cosmic
rays with extrernely high energy. HiISPARC offers students the opportunity to participate in real
research, with the purpose of finding cut more about these mysterious and rare cosmic particles.
Schools purchase HiSPARC detectors and students install these on the roofs of their school. The
HiSPARC project started in the Metherlands in 2002. The HiSPARC detectors are connected to a central
computer at the scientific institute Nikhef in Amsterdam through the internet, forming a large network. The

HiSPRRC

project is coordinated from Mikhef in Amsterdam. The project spread to the UK in 2012 with first the Universities
of Bristol, Bath and Birmingham. The project has recently spread to the Universities of Cardiff and Sussex.
Website: HISPARC

QuarkMlet Cumyru builds on existing STEM programmes linked with HiSPARC and QuarkMet and a programme
to pilot the use of cosmicray detectors in schools aoross South Wales. Since January 2018, the project has tried
to enthuse secondary school students in STEM activities through engagement in real hands-ocn astrophysics
Experiments — measuring cosmic rays using detectors based in schools. Equipment is available for loan to those
schools that need A level particle physics laboratory equipment. A website will eventually act as a repaository of
the resources for using the detectors in the classroom, and as a collaborative learning space where schocls can

upload their data and work together to analyse their results. Website: Cu

Cosmic Ray e-Lab Studies: provide opportunities for high school students t:}L\\S}nducx

L J | House of Science offer high school projects on cosmicrays to S a T Gk Y . B : i e i i

iyt I t i i tigat 1 Wit ta they ected tl p it

& high school. Muon detectors of different sizes are available fors :_E'OI' {\}1]1]1"'{ \[[ SLESul SUE-I'I R e .a N _E‘y = £ = ey =

S T Lt data from their peers. QuarkMet teachers receive a kit to build a portable,
® resgarch labs. The participating students pose their own researd A s 4
i X h configurable cassroom detector; non-QuarkMet educators can purchase the DAQ with
with one or more of cur muon detectors. As part of this project a
y y GPS, antenna and temperature and pressure sensors. They can buy the rest of the parts commercially. The
weather balloon once a year to mesasure the cosmicray flux at altitudes up to oo oo il VD aoid v o

=]

hitps://icd.desy.de/e49245/

Viebsita:



hitps://eperon.omp.eu/
EROM Gontact: baudouin.cyr@gmail.com

Plateforme Educative Rayons cosmiques et muON
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