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Day 0: The Journey Begins 2" July 2022
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Day 1: Discover Switzerland and CERN 3" July 2022
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Day 2: Celebration 10" Anniversary of Higgs Discovery 4™ July 2022

Plus Introduction to HST and Synchrocyclotron Visit
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® Introduction — “I Knew we had it” 1ng Rolf Heuer

® The Large Hardon Collider- a marvel of technology In® Lyn Evans

® The ATLAS detector — from design to discovery lag Peter Jenni

® The CMS detector — from design to discovery lag Michel Della Negra

® Brout, Englert and Higgs — memories and reminiscences 1ng Eliezer Rabinovici,

Asmeret Asefaw Berhe, Francois Englert, Katherine Graham Wag Peter Higgs

® The Higgs Boson at The LHC - the theory landscape 1ag Sally Dawson

® 10 years of Higgs boson measurement at
ATLAS and CMS Tag Kerstin Tackmann

® 10 years of Higgs boson measurement at
CMS and ATLAS lag) Andre David

® Closing Remarks and a look to the future
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Day 3: What are Particle Accelerators and Particle Physics? 5™ July 2022

Plus Introduction to Study groups and Social Event
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Day 4: Engineering at CERN and Medical Applications of Particle Physics 6™ July 2022

Plus Study Group Session 1
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Day 5: Particle Detectors and Introduction Particle Physics in the Classroom 7™ July 2022

Plus Workshops & Exhibitions and end with Study Group Session 2
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Day 6: Feynman diagrams and CMS day
Plus Movie night (Particle Fever)
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Day 7: Geneva Treasure Hunt and HST2022 Official Dinner 9t July 2022

[ [ a

SudIutuiinansldeanlurianssuduuenidsuiefu Tneisuainianssu Geneva
Treasure Hunt HuAvnssufiiiingusrasdlimnsnsanidonatinuniu nelutuddmilidoss
50U 50319 UUINITESUS AT CHF 8 anuruusiiues Jeff uaziiunaludaniudisng SRR
asfevesfanssufuien 9 a3 Tagluaniudisng 9 Wy nzaauiaiin, eyan3d Jean-Jacques

Rousseau, 413 NY188L3171, UR1I11S St.Pierre, A18131015 Li 84 Hotel de Ville, @11dnau

anuszywA, JUUTERuINTIU Broken Chair Wudu




19

1Wiolas9AUN19A9 Geneva Treasure Hunt WanLs1AMUNIIUS WIS u Hotel Edelweiss
Fadusruemsiuilowesainwasuaus 7 Jeff 2z s1lUTu Cheese Fondue a1m15UsEa1%1#

YBIVNEINTOSLAUS DNV LAVUNTHAAINULIDIVIEI ALYBSLAUNDNAIY

Cheese Fondue 81115U5¢3NU1R8991@ 3 A3 haun



20

Day 9: Computing and DATA at CERN 11 July 2022

Plus Study Group Session 3 and Meet & Greet with Perimeter Institute
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Day 10: Perimeter Institute Workshop and Social Event 12 July 2022
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Day 11: Neutrino & Antimatter and Antimatter Factory and LEIR VISIT 13" July 2022
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Day 12: Future Accelerators and Final Q&A Plus Study Group Session 4 14" July 2022
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Future Accelerators

Andrew Moore', Apurva Sarkar:;, John Thompson:, Suranan Anantachaisilp:, Sara Rombettos
" Bobby Moore Academy, London, UK = doctormossie@gmaill.com

2 |BDP and IGCSE Physics Teacher, Mumbai, India ' asarkar.physics@gmail.com

3 Plano East Senior High School, Texas, USA ' john.thompson@pisd.edu

4 Kamnoetvidya Science Academy, Rayong, Thailand ' suranan.a@kvis.ac.th

5 Liceo G.Galilei, Napoli, Italy = sara.rombetto@gmail.com

1) Key ideas

As Physics teachers coming from 5 different countries ( Ireland, India, Thailand, Italy and USA) and
drawing from different curricula (IBDP, A-Levels, Advance Placement, Italian), our discussion revealed
that some of us are teaching Particle Physics at the basic level, while for some, this does not appear at
all across our curricula. This means establishing the moral reasons for investigating the topic outside
of the curriculum in itself as well as establishing the core knowledge without which, what we teach as
well as further development, would be unintelligible.

To draw the interest of students across the 11-18 age range to a topic as complex as the future
of particle accelerators, we need to comprehensively understand the history of accelerators as well as
the questions which have animated scientists in their construction.. This will lead to an investigation into
which questions are outstanding and why we need even more of them in the future as well as how the
current range of colliders can be amended. Additionally, we should discuss some basic and familiar
physics concepts underpinning accelerators to help them relate it to existing knowledge.

Some of the key ideas that could be discussed to get the students curious and also reinforce existing
physics concepts :

e Evolution of Accelerators: Electrostatic to Oscillating
e Linear accelerators, Cyclotrons, Synchrotrons
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Electric and Magnetic Fields

Constant and Oscillating Fields

Lorentz Force

Relativistic Transformation

Focusing force: Hooke’s law, Harmonic Oscillators
Dipoles and Quadrupoles

Superconductors

Collisions

Future colliders is an advanced sub-topic in an already advanced topic of Particle Physics. So drawing
their attention to the famous Large Hadron Collider, Higgs Boson and The Big Bang can trigger
interesting discussions in the classroom rooted in scientific work presently being done as well as
establishing the fundamentals of what has already been accomplished. Some research time can be
allowed to bring forth the high points of LHC’s achievement.

A significant part of this lesson is not what is known but what is unknown- and how it might be found
which requires a degree of specificity. This involves knowing what colliders have discovered up to now,
what colliders currently exist, the technical specifications of them such that they can be improved and
adjusted, how adjustment to these factors would have experimental consequences, what experimental
consequences would be desirable for inducing new conditions which could break the standard model,
the new colliders which have hitherto not been constructed, what the reality of construction would entail.

2) Best practice example

A successful example of a lesson focused on future accelerator projects would explore the construction
of colliders,and the variety of colliders which are being constructed presently. This would involve
exploring the distinctions between:

Higgs/Electroweak
Positron/Electron collisions
Super Proton-Proton Collider
Muon Colliders

The next focal point of the lesson would be exploring what these colliders are looking for explicitly- with
a focus on broad overviews of antimatter, explanations for dark energy, dark matter, and actively testing
and potentially breaking the Standard Model. Other questions we might encounter might include how
the Higgs itself acquires mass, and whether leptons are fundamental particles.

The lesson would at this point feature a series of hinge questions to ascertain understanding and
security before any more progress was made. Students would then be asked to evaluate which colliders
were best aligned with approaching each problem, and to provide an explanation as to why each collider
was suited for that specific task.

Having differentiated between these colliders,the lesson would then examine the major changes in
technology which would allow significant developments in collider science. The most accessible
elements of this which could be used to generate discussion using existing knowledge from the wide
array of curricula are the following:

Superconducting Magnets

RF Technology

Improved alignment of targets & sources
Advanced Acceleration

Beam Physics Advancements

o 1. Beam Cooling
o 2. Al (Optimization of Beam targeting through machine learning)
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By the end of the lesson, we’ve would hope to have educated students as to

1. The Future Colliders currently being examined
2. The problems these colliders are designed to resolve
3. The methods by which these colliders could be improved still further in the future.

Moreover we hope to let them understand that reaching ambitious scientific objectives, like those
envisioned by the FC studies, requires the development of advanced instruments, new technologies as
well as the training of the next generation of researchers in different fields. We would also stress that
investing in large-scale research projects like the FC can bring tremendous benefit to society and the
economy.

3) Helpful material and resources

1. Challenges of Future Accelerators for Particle Physics Research

https://www.frontiersin.org/articles/10.3389/fphy.2022.920520/full

Challenges of Future Accelerators for Particle Physics Research is a paper which was recently
published in Frontiers in Physics on 27th June 2022. This paper provides an overview of the present
state of accelerators for particle physics and gives a brief description of some of the major facilities that
have been proposed, their perceived advantages and some of the remaining challenges.

2. CERN Homepage about the future circular collider

https://home.cern/science/accelerators/future-circular-collider

This is a CERN homepage which provides the future circular collider study. It gives an overview of a
new scientific tool for the post-LHC landscape, a scientific mission for the 21st century, preparing the
next-generation of particle colliders to boost the energy and intensity frontiers, designing a sustainable
research infrastructure through collaborative R&D, and the FCC conceptual design reports.

3. CERN needs for future accelerators in high energy physics

https://link.springer.com/content/pdf/10.1140/epjst/e2015-02572-x.pdf

CERN needs for future accelerators in high energy physics is a paper which was published in THE
EUROPEAN PHYSICAL JOURNAL SPECIAL TOPICS in 2015. The article gives a number of examples
of the studies, the beam parameters that are foreseen in the different projects and their proposed
technical layout.

4. Introduction to Particle Accelerators and their Limitations

https://arxiv.org/pdf/2007.04075.pdf

Introduction to Particle Accelerators and their Limitations is a paper which was published in proceedings
of the 2019 CERN-Accelerator—School course on High Gradient Wakefield Accelerators, Sesimbra,
(Portugal) in July 2020. The paper gives a short overview of the principles of particle accelerators, their
historical development and the typical performance limitations. After an in- troduction to the basic
concepts, the main emphasis is to sketch the layout of modern storage rings and their limitations in
energy and machine performance. Examples of existing machines - among them clearly the LHC at
CERN - demonstrate the basic principles and the technical and physical limits that we face today in the
design and operation of these particle colliders. Pushing for ever higher beam energies motivates the
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design of the future collider studies and beyond that, the development of more efficient acceleration
techniques.

5. The physics and technology of the Future Circular Collider

https://www.nature.com/articles/s42254-019-0048-0

The physics and technology of the Future Circular Collider is a paper which was published in Nature
reviews Physics in March 2019. The recently published FCC Design Report documents the different
machine parameters, the physics opportunities and the challenges for further strategic research and
development. A staged integrated programme is proposed, in which one of the colliders explored by
the FCC study, the FCC-ee, could be operational by 2039, just after the end of the HL-LHC programme,
which would be followed by an FCC-hh physics programme starting in 2050-2060. Evidently, the
success of such an ambitious project depends not only on international scientific collaboration, but also
on partnerships with industry and collaborations with many professionals, including many non-STEM
(science, technology, engineering and mathematics) fields.
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Day 13: Study Group Final Reports and What’s Next 15™ July 2022
Plus Farewell Dinner
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