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Introduction Materials A to be adapted for ASP2026
- "Introduction to accelerator science: Activities and LectyraSP2024
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Real accelerators



https://drive.google.com/file/d/19cJRLDSXke6X94l3xP9IqpyTBP5En3PH/view?usp=drive_link
https://docs.google.com/presentation/d/1FUNBgHBqy1aKyTvF5fTMQcbSFGJsE39s/edit?usp=drive_link&ouid=105971731437120037857&rtpof=true&sd=true
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about
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https://drive.google.com/file/d/1LSUXbJ5i7oCiwUKwCuD7RUPXsr0Q_MJ-/view?usp=sharing

What Is a Light, Wavelength and Particle ?

Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray
Wavelength (m) 107" 10~*° 10 '

Approximate Scale \fa , E {f’
of Wwavelength ' .&

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

10

Temperature of
objects at which
this radiation is the
most intense
wavelength emitted

1K 100 K 10,000 K 10,000,000 K
=272 °C =173 °C 9,727 °C ~10,000,000 °C



Use of Particle Accelerators

More than 50,000ParticleAccelerators in the world (k5,000 in 2000)

W Radiotherapy (>100 000 treatments/yr)* o
W Medical Radicisotopes "
e.g.Research Research (incl. blomedical) ™
Collider (CHC, ENAL, RHIC) R _SEERNY T - T
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lon implanters and surface modification
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lon implantationmodifiessemiconductor§electrical £
propertiespreciselyand costeffectively leading to 0
better, cheaperelectronics ol
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Particle Accelerators in history

Each generation built on the accomplishments of the
previous ones raising the level of technology ever higher !

BASICS OF ACCELERATORS AND OF THE ART OF INVE

FNAL

107ev

106 ev [~ A 1980 -Tevatron @ Fermilab
Ernest 100eV Lo 980 GeV
Lawrence I

A 2008 - LHC @ CERN

(1901 - 1958)

10 TeV b= Synchrotrons
(colliders)

7-14 TeV

1TeV p—
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10GeV |—

1GeV | /o " e e Linacs

100 MeV  p=— ,%’ Cyclotrons
10 MeV — L% Generators
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Equivalent energy of fixed target accelerator (E%, /2 M,,)
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Livingston plot of evolution of accelerators.




How does an Accelerator work ?

0 You've certainly come across accelerators before! LIVE with the
Conducting SILMARIL team
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Cathode Ray Tube Television Thomson experiment



Ingredients - Particle Accelerators

1- lon Source to produce the charged particles

Control e Rf cavities

to be accelerated (electron gun, H* or H) W s oo
))\ Magnets A

g
2- Accelerating structures to accelerate charged particles

I can use superconductors

Vacuu

chambers Magnetic

o fields
’,”;‘:ﬁ

3- Magnets are used to bend and focus the particle trajectories LA

/ .
- can use superconductors 7 a v

4- Vacuum chamber to minimize scattering of the beam particles by gas particles

5- Cooling systems to remove the heat dissipated in accelerator
components; use of superfluidity for superconducting magnets and cavities

electrons

—

6- Beam diagnostics to provide information about the beam intensity
(current), position, beam profile and beam loss

(vic)r2

7- Control system to record and control each equipment protons

817 Power Supply for RF, Magnets and Accelerator components g L Newtor” “Einstein”

0 100 200 300 400 50C
Kinatic Fnerav IMa\/1




A few more references

x IJUPAP- International Union of Pure and Applied Physics WG14- Accelerator Science(
Accelerator Engagement Ambassadors Initiative; Hackathonino (IUPARWG14)and I[UPAP

x _Al for Accelerator Technologiess ARTIFACT

x EASEM: FrenckSwedish Academy for Scattering Experiments and Modeling

x NPAP: Nordic Particle Accelerator Project(School and MOOCSs)

x AYT: Accelerate Your Teaching MOOGCTrailer ; Descriptions and Videos

x ASP- African School of Fundamental Physics and Applications

x APS- Forum on International Physics:PHYSICS MATTERShd_All events; and Playlist
x IJUPAP&UNESCO International Colloguia on Physics For Society

x EIROforumand Science in School
x HEPTechand Best Practices workshops



https://iupap-wg14.web.cern.ch/
https://iupap-wg14.web.cern.ch/
https://iupap-wg14.web.cern.ch/
https://iupap-wg14.web.cern.ch/
https://iupap-wg14.web.cern.ch/ambassadors
https://iupap-wg14.web.cern.ch/ambassadors
https://iupap-wg14.web.cern.ch/hackathonino-iupap-wg14/
https://iupap-wg14.web.cern.ch/hackathonino-iupap-wg14/
https://iupap-wg14.web.cern.ch/hackathonino-iupap-wg14/
https://iupap.org/
https://artifact-network.org/
https://artifact-network.org/
https://aghribi1-presentation-20230911-artifact.docs.cern.ch/pres_artifact_20240305_tiara.html#/title-slide
https://www.linxs.se/projects-fasem
https://www.linxs.se/projects-fasem
https://www.linxs.se/projects-fasem
https://www.linxs.se/projects-fasem
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about
https://youtu.be/jt_2SKcl7_4?si=oaQUWB1d6zxFunTT
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/course/
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W
http://www.africanschoolofphysics.org/
http://www.africanschoolofphysics.org/
http://www.africanschoolofphysics.org/
http://www.africanschoolofphysics.org/
https://engage.aps.org/fip/home
https://engage.aps.org/fip/home
https://engage.aps.org/fip/home
https://engage.aps.org/fip/home
https://engage.aps.org/fip/resources/activities/physics-matters
https://engage.aps.org/fip/resources/activities/physics-matters-video
https://www.youtube.com/playlist?list=PLgxD9DiwxLGp1AR8vjpAPWaxqF5-K_3OX
https://iupap.org/strategic-plan/outreach/iupap-unesco-international-colloquia/
https://iupap.org/strategic-plan/outreach/iupap-unesco-international-colloquia/
https://www.eiroforum.org/
https://www.eiroforum.org/
https://cm01.embl.de/share/page/site/eirotwgins/dashboard
https://www.heptech.eu/
https://www.heptech.eu/
https://indico.cern.ch/event/1638449/

Applications

* Accelerator & Beams, Tools of
discovery and Innovation (English)

* Synchrotron Light Sources

Y In arabic

QU T T L A S . P N RO 1
Why care about accelerators? ......... ... ... .. il 1
T g e o e ok, L e P R A 2
e s e O e e S R £ o s 3
The invention of particle accelerators ..................... ... ... 4
T e ] ¢ S A 6

Applications of accelerators ... ... .. e A e s AN e A 8
Advancing the frontiers of knowledge ................. ... ... Ll 9
Accelerators for diagnosing illness and fighting cancer............. 10
Accelerators to beat food-borneiillness ................... ... ..., 1
Accelerators and national security ............. ... il 12

Accelerators validate nuclear weapons performance ........... 13

Why is an accelerator under the Louvre museum?.................. 14
Beams of light from beams of particles ................ ... ... ... 15
Accelerators for improving materials’ surfaces ..................... 18
Accelerator-based neutron science yields payoffs .................. 19
Multiple uses for portable accelerators .......................... 20
Accelerators boost international cooperation ...................... 21
Hedueation and'olieesaly = . o e sl 22

Accelerators andastronomy ................ ...l 24

LOOKINE £o the TURER S 0. . ipin s s e e gt 25
T T T R b T e SR R S e Y A e 26
Could accelerators revolutionize nuclear energy? ................. 27

ConclusioR e e I s i e 28

To learn more i inside back cover

PHOTOS TOP TO BOTTOM: (1) INVESTIGATION OF MAGNETISM IN NANOWIRES WITH A HIGH-ENERGY LIGHT SOURCE.

(2) ATOMIC MODEL OF YTTRIUM-BARIUM-COPPER OXIDE, A HIGH-TEMPERATURE SUPERCONDUCTING CERAMIC WHOSE OXYGEN
POSITIONS WERE DETERMINED BY NEUTROM SCATTERING. (3) CORNELL UNIVERSITY DESIGN OF A NEW TYPE OF SUPERCONDUCTING
WIGGLER TO PRODUCE AN INTENSE X-RAY BEAM. (&) DRIFT TUBES IN THE FERMILAB LINEAR ACCELERATOR.

(5) SIMULATION OF DETECTION OF A HIGGS BOSON IN AN EXPERIMENT AT CERN'S LARGE HADRON COLLIDER.

CREDITS TOP TO BOTTOM: BROOKHAVEN'S NATIONAL SYNCHROTRON LIGHT SOURCE; OAK RIDGE NATIONAL LABORATORY
SPALLATION NEUTRON SOURCE; WILSON LABORATORY, CORNELL UNIVERSITY, FERMILAE; CERN.


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

IAEA Open Learning Management System

IAEA Open Learning Management System

|IAEA presentation

Cooperation partners

Nuclear Safety & (1%2) CLPANET is Atomic Energy Agency's Cyber Learning Platform for Network Education and Training. This platform provides open access to
¥
Security a comprehensive selection of high-quality learning materials and courses in the fields of nuclear science, technology, and related disciplines.
:ut:_eaf"fechﬂalﬂgy & (326) + CLP4NET is designed to support students, and worldwide in enhancing their knowledge and skills. In addition to publicly
ications
e available resources, the platform also serves as a key t0ol for delivering capacity development projects organized by the IAEA, supporting Member States
Nuclear Safeguards (35) + in strengthening their nuclear infrastructure and expertise.

We invite you to explore the platform and begin your learning journey with the IAEA today.

Syst

Search Types v Languages v Certificates Topics v | ResetAll
OWere
Ko

=R, e

1.4.2 Research & Applications with
‘ Accelerators & Neutron Sources
(incl. RR applications)

Policy /Funding / Development

1.4.3 Nuclear Instrumentation
(incl. laboratory in Seibersdorf)

Science infrastructure & opportunity Industrial efficiency / Competit

Better / Cheaper healthcare Output / efficiency / drought resistance

1.4.4 Nuclear Fusion

Science & Plasma Physics
(incl. coop. with ITER)

Agriculture
+ Radiotracer techniques
* Elemental analysis
« Sterilization services

Competencies / Technical Resources

Energy

* Education and Training
* TSO services
* Nuclear Safety Culture
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https://elearning.iaea.org/m2/
https://drive.google.com/file/d/1QPhfew28kRUkahkN1jqaBGNpSrR580gm/view?usp=sharing

European Schoolnet Academy Catalogue

@ academy.europeanschoolnet.org | www.eun.org //
< European
Aschoolnet Academy

Free Online Professional Development for Teachers
Goal: Inspire teachers to innovate and confidently integrate new practices into their classrooms
Launched in2014 by a network of 30+ Ministries of Education.
Free MOOCs on innovative teaching, digital education, and classroom practice.
What is offered ?

Practical courses with readyto-use teaching resources.
Opportunities to reflect, collaborate, and exchange with educators across Europe.
Certificates upon successful completion.

The approach
Accessible: Free and open to everyone.
Collaborative: Learn with an international community of teachers.

Innovative: Evidence based pedagogies for 21st-century education.

12


https://catalogue.europeanschoolnetacademy.eu/
http://www.eun.org/

IAPS - School Day Experiments Guide

Get Ready for School Day: The Experiments Guide is
Here!

s International Association of Physics Students About v Members v Events v Outreach v jIAPS v Opportunities ¥  AC5 Council v News |APS Daily
Z'[ahlp nf mnntgnm Our recent School Day event was a fantastic success! For everyone

who attended, and for those who couldn’t make it, we’re excited to

share the official School Day Experiments Guide prepared by

UNCATEGORIZED ‘ Smgie Shit the TC India team.

o Double Slit This is the comprehensive guide that helped bring all the day’s

o
SChOOI Day Experl ments 3 Dlﬁ;‘ 5 Usmg Gratmg amazing activities to life. A huge thank you to TC India for their
- QUBITS UszngPOIamed Fab nght incredible work putting this valuable resource together!
Guide Book

* Blackbody Radiation
2 BylAPS [ November 11, 2025

You can view and read the full guide using the link below: Relive
the fun, try an experiment at home, and feel free to share it with

N
!
E

friends and family !

m Q 1 0of15 — | + Automatic Zoom v E2LT2Z2@ »
» LED's and the price of color @ A GUIDE BY

-,
; . INPS (TC - INDIA)/& IAPS,OUTREACH WG 190
o The Uncertainty Principle { ? “

* Photoelectric Effect
Welcome to IAPS! 4 ik
.
£ Objective Principle
To demonstrate that light bends, or  According to a simple particle model
diffracts, when it passes through a  of light, passing a beam through a
narrow aperture. single slit should result in a sharp,
singular line projected onto the
————— - screen—an exact image of the slit.
Materials However, wave theory predicts that
We are the International T ooeni compue mseio in
Association of Physics i — s, vt b seond U
i it
Students. e Ismg e phenomenon is termed diffraction.
« Aflat, projection
Procedure

The International Association of Physics Students (IAPS) is an

association of physics students and student societics from around { T 3 ®
the globe, working to promote peaccful collaborations amongst W\ : s, Cpmmlbolbay a
them. Our members are represented by Territorial and Local — )\,))/} /) == 2.The laser is positioned to project
—1)|ls
7| Rs

Committees, or as Individual Members where no Territorial or hsglbea;n directly through the
single slit.
3.The resulting pattemn is observed IAPS SCHOOL DAY 2025

90,000 physics students through 32 Territorial Committecs and 14 on the screen placed at a distance.

Local Committees exist. IAPS currently represents more than

Local Committees.


https://iaps.info/2025/11/11/school-day-experiments-guide-book/
https://iaps.info/2025/11/11/school-day-experiments-guide-book/
https://iaps.info/2025/11/11/school-day-experiments-guide-book/
https://iaps.info/2025/11/11/school-day-experiments-guide-book/
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EEE8 Accelerators are everywhere, perhaps

September 2, 2024

Ages: 11-14, 14-16

Engineering, General science,

Physics, Science and society

Keywords: Applied science,

Geography, Particle accelerators,

Available languages

S English
EEAnviKa

See all articles in 88 English

closer than you think...
Author(s): Jo Lewis, Christine Darve

Did you know that there are more than 30 000 particle accelerators around the
world? Where are they, and what are they for?

What is a particle accelerator? The first technological demonstration to accelerate particies was carried
out by Ernest O. Lawrence in Berkeley, USA, in 1929. His cyclotron, which he could hold in his hand,
opened a new era, enabling many scientific discoveries. Since then, tools that take subatomic particles
and speed them up are used in many applications, from early cathode-ray televisions, which preceded
light-emitting diode (LED) and flatscreen televisions, to giant machines used to smash and study the
particles themselves.

In these activities, which are suitable for students aged 11-16, students can use an interactive map to
find and learn about the accelerators near them.{1]

Particle accelerators

There are three main types of particle accelerator: linear accelerators (often called LINACS) or one of two
types of circular accelerators - cyclotrons or synchrotrons.

Left: The European Synchrotron Radiation Facility (ESRF) in Grenoble. Right: The European
XFEL linear particle accelerator in Hamburg,
Images: Left: © ESRF. Right © XFEL

© Sciencein School

The European journal for sclence teachers

Home Currentissue Alllssues Inspire Understand Teach Events About Getinvolved Author guidelines

April 4, 2024
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Ages: 14-16, 16-19
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-, Science in School

Topics: Engineering, Physics
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Energy, Kinetic energy, Magnetism,

Momentum

Available languages
B8 English

See all articles in 88 English

Science in School > All Issues > Issue 67 >
Build a linear accelerator model

Author(s): Jo Lewis, Lukasz Michalak

ARTIC! |

Build a linear accelerator to demonstrate spallation — the source of high-energy
neutrons used by the new European Spallation Source being built in Sweden.

© Utla Hommarlund/ESS

Home Currentissue Allssues Inspre Understand Teach Events About Getinvoed Author guidelines

Apri 6,202

[issveer |

Ages: 11-14

Available languages

B Engish

See a8 articies in 8B Engsh
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Accelerate your teaching with links to
cutting-edge science

Ruthorfsk: Jo Lewss

Accelerate Your Teaching is a free online course for high-school teachers.
Discover how particle accelerator stories can bring a range of STEM topics to life.

Contact Newsletter Search

Supporting materials
Activity instructions sheet
Activity worksheet

ESS scheme

Download

Share this article

X f in

Subscribe to our newsletter
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Introduction Materials A to be adapted for ASP2026
- "Introduction to accelerator science: Activities and LectyraSP2024
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Real accelerators



https://drive.google.com/file/d/19cJRLDSXke6X94l3xP9IqpyTBP5En3PH/view?usp=drive_link
https://docs.google.com/presentation/d/1FUNBgHBqy1aKyTvF5fTMQcbSFGJsE39s/edit?usp=drive_link&ouid=105971731437120037857&rtpof=true&sd=true
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about

Massive Open Online Course (MOOC) |
Accelerate your Teaching

nﬁSCIENTIX cce\erfqﬁtmg

risml | g

‘/ European
\XSchooFl)net

Academy

Research Facilities to support
STEM education

received fundng from the Euopean Union - project Acceleroted Teoching (Agreement number:
Funded by 2022 1 5E01 KQE?O -SCH-000089631). ktis also supported by Scientix, an intictive of European Schoolnet. The content of this course is the sole
SC‘ENTD( the Eump.an Union  responsibility of the organizer. it does not represent the opinion of the European Union (EU), and the EU is not responsible for any use that might: be

made of the information contained within. ‘



https://bit.ly/AT_MOOC23
https://bit.ly/AT_MOOC23
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Accelerate your Teaching https://bit.ly/AT_MOOC23

e AT AcceleratingTeaching Help ‘ ChristineDarve v ‘

European

cocner Academy  Accelerate Your Teaching MOOC

Course  Progress Discussion Live Events Meet Your Peers  Behind the Course  Certification  Glossary

o accelerat
Accelerate Your Teaching MOOC ( teachin

Pick up where you left off Set a weekly learning goal
Setting a goal motivates you to finish the course. You can always
Expand all

change it later.

R Fa [
© Module 1: Introduction to Accelerate Your Teaching MOOC + Casual Regular Intense
1 day a week 3 days a week 5 days a week

r‘ .-;';;;DIDE.NIIX "//\.SE:L%E:‘%{' (O, Seach: Fac"ltles +
=]
Unexpected Applications of Accelerators sed Investigations to Massive - Course Tools
Production of neutrons for material research and Life Science M Bookmarks Tr a,l Ie rS
26 October, 2023 Updates e —————
Important dates Descri tl ons
Christine Darve and Kim Lefmann
> m Wed, Nov 22, 2023 P
e R ARl L Ll [ Course ends
This course is archived, which means you can review course
1 M - 1] o s .
Unexpected Applications of Accelerators”, by C. content but itis no longer active.

Darve (ESS) and K. Lefmann (NBI), 26 Oct. 2023 View all course dates


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

AT AcceleratingTeaching 7
btz Academy  Accelerate Your Teathing MOOC Help | ChristineDarve:

Course  Progress  Discussion  LiveEvents Meet Your Peers  Behind the Course  Certification  More...v

# Course / Module 3: ety from ions ... /33 c

Previous - a8y L Next

T | Accelerate your Teaching

5 is the Large Hadron Collider at CERN on the border of France and Switzeriand. This is
circular accelerator, a synchrotron, with a diameter of 27 ilometers!

Watch on (8 YouTube

&) Module 2: The Science Behind Large Research

2.0 Module Introduction

2.1 How an Accelerator Works

2.2 Accelerators in Your Classroom

2.3 - ESS - An Accelerator-Driven Neutron Source
2.4 Scientist Stories

2.5 Live Event: Webinar

2.6 Race to Space

© ® &0 0 ® ® ® ® 6

2.8 Module Round-up

O acceleratir
( teachine

© Module 3: Accelerating Society from Home-Based Investigations to Massive

© 0 © ©® ©®© ©®© © 9

©

Collaborations

3.0 Module Introduction

3.1 The Physics of Atoms and Particles

3.2 What's the Smallest Thing in the Univer:
3.3 Accelerators as Colliders

3.4 AcceleratAR to Study Radiation

3.5 Scientist Stories

3.6 Race to Space

3.7 Your Learning Scenario Step 3

3.8 Module Round-up

2.7 Create your own learning scenario step 2: aim and outcome of the activity

& Module 4: The Future of Particle Accelerators

© O O ® ©® ® ©® 0O ©

Q

4.0 Module Introduction

4.1 Accelerators Where You Live

4.2 The Future of Accelerators

4.3 Scientist Stories

4.4 Race to Space

4.5 Your Learning Scenario Step 4
4.6 Live event: TeachMeet

4.7 Introduction to Peer Assessment

4.8 Peer Assessment Activity (1 Question)
Peer assessment due Nov 22, 2023, 11:59 PM GMT+1

4.9 Congratulations! What's Next?


https://bit.ly/AT_MOOC23

(©) e

Scientist Stories

Pedagogical tools Race to Space

[EH
1148}

Learning Scenarios

(f) ;
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ess.eu/explore Short Videos of scientists

Resources for teachers.

2 Here you @
ou ateache

Accelerate Your Teaching MOOC Module 1 Introduction to Scientist Stories

European Spallation Source * 16 views * 4 days ago @

Superconductors and data

European Spallation Source * 576 views * 6 months ago Downlt

AR)

Using accelerator-driven 3
research facilities

Accelerators for life sciences

European Spallation Source + 639 views * 6 months ago Downlt

European Spallation Source ‘ Accelerators for particles and the cosmos

6 videos 86 views Updated yesterday

= 5 4

» Playall >3 Shuffle

Scientists talk about how using large accelerator-
driven research facilities benefits research.

| 1 European Spallation Source * 1K views * 6 months ago

—

Accelerators to study the distant past «What is science...
European Spallation Source + 1K views * 6 months ago ) ...and | | IS ﬁ l ?



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

PHYSICS FOR AGES 14 - 18

Use Neutron
Scattering to Change
the Future!

Enrollment for teachers available at European Schoolnet Academy

Some information on neutron scattering

22



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

Learning Scenarios

uUWhat 6s t he s mal

e S

U LIGHT SCATTERING

Tools : https://padlet.com/

CERN- "I Love Physics" series,

4 Course | Module 2: The Science Behind Large Research Facilities / 2.1 How an Accelerator Works
< Previous [ ] Bv ([} ([} [ [} = & = =] & [ [ Next >

The forces in accelerators
[1 Bookmark this page

To make particle accelerators work, scientists make use of electromagnetic force fields. This video from CERN serves as both
an introduction to this topic, and provides student-friendly demonstrations and explanations.

Video

Start of transcript. Skip to the end.

Electromagnetic radiation

European Spallation Source

‘owaves
Radio waves

light is electromagnetic radiation and

the visible light that we experience

every day is only a small part of a

larger electromagnetic spectrum that
Watch on (@ YouTube spans all the way from xrays to radio
waves and when talking about the
electromagnetic spectrum we often talk
about Photon energy or wavelength these

»  0:00/0:00 . ) two terms will describe the same

< Previous ’ ‘ Next >
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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

Outline

Introduction Materials A to be adapted for ASP2026
- "Introduction to accelerator science: Activities and LectyraSP2024
Lttt ok VMt {Y [ 2YYdzyA0,8und6SWIBE 2 LIYSY O A
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Real accelerators



https://drive.google.com/file/d/19cJRLDSXke6X94l3xP9IqpyTBP5En3PH/view?usp=drive_link
https://docs.google.com/presentation/d/1FUNBgHBqy1aKyTvF5fTMQcbSFGJsE39s/edit?usp=drive_link&ouid=105971731437120037857&rtpof=true&sd=true
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about

How does the machine look like ?
b = Vitesse of Particle /c
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Magnets T to steer Particles
Manufacturing of LHC superconducting magnets

27 km cooled down to 2K
The coolest place in the Universe !




Q&A

'he speed of light in a vacuumis: 3 x 10°% m /s
"hat means In one second It travels

. 300,000,000 meters

‘ 400,000,000 meters

500,000,000 meters

. None of the above




Q&A

What can particle accelerator be used for ?

. Cure people

‘ Understand high-energy collision

Produce energy

. All of the above



Invisible Forces Can Accelerate Objects

The marble enters slowly, but leaves much faster after
interacting with the magnetic system.

Outgoing fast marble

Where did the extra

Magnetic zone

speed come from?




TThe Transfer of Motion

Motion energy enters the system Magnetic forces transfer energy The last marble gains speed

Proportionality Scale

Velocity (v) Ek=1 /2*mv?2 Bl Kinetic Energy (E,)

_l_ When velocity increases, kinetic energy increases strongly.



From Playroom to Particle Phy5|cs:

Linear Acceleration [== ==
Scientists use similar principles to & \=—4 m
accelerate particles for medicine, & e e @
materials science, and S
fundamental physics.
Gravitrax Cannon Particle Accelerator
The Projectile Marble Electron / proton
The Pathway Track Beam pipe
; Magnetic Electromagnetic
The Driver interaction field
Accelerated
The Result Faster marble particle beam




Q&A

How many main types of accelerators are there?

. Two
‘ Three

Four

. Five




Types of Accelerators

https://ri-science.tumblr.com/post/151095478902/did-you-know-there-are-thre e-main-type s-of
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Linear Accelerators

Straight lines.

they are used in hospitals for radiotherapy: J’“L_R\T/—\ _ N
they accelerate electrons to high energies to 5_:' |+| T|

generate x-rays. E [P % T =

Particles only pass through it once. GE) A VI

Not very economical.
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Q&A

What Is the characteristic of linear accelerators?

. Circular shape

‘ Uses magnetic fields for acceleration.

Accelerate particles in a straight line

. Linear accelerators can generate neutrons.
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Cyclotrons

Cyclotrons are compact accelerators.

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

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




Synchrotrons

B 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).

B Use magnets (superconductors) to guide and
accelerate particles.

37



Q&A

What Is the malin function of a Cyclotron?

Accelerate charged particles
Generate high energy neutrons
Produce X-rays

Create magnetic fields



Q&A



