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CERN walasenis ITW 2025
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ﬂ’ﬂllL‘fJUﬁJ']LL?IZWUSﬂQ?JEN CERN

29AN1937ulnAdeTelsU “59 L@SU (CERN : European Organization for Nuclear Research)

Juaudnaninisidenaineimansiiinananusiuiiossninausenaluglsy nedswulul a.m. 1954
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ndasnsrulanaieiiaes Inefitmnefionaninsideiuguduiiand Suusnivsemaaningross
12 Uszina uazdaguvneidu 25 Ussinaaundn wdouiaiissimanifauvuuazgdannnisaiannii
Tan dseguinamsuauszninUsmasinmesuauduasifoaa ioaadn nelufivenianside
WoaMARBY UALLAT04L598YN1A Large Hadron Collider (LHO) H1dusounasniuszanm 27 Alaluns
’J’N&f’;@@jﬁﬂaﬂﬂié{ﬁuﬁuin 100 w3 ATDUNTUUALTIARIUTHNA
Bsufidninemansuazimnsanialanidisamnnit 17,000 au laeflidmiivszdim
2,600 A Tassaumsvhaesdiuiaduaioteiinanussdimumainnas filuifvesanul

MOINFE@NS AULAED warAINUTINTDTEUINUTENeA

CERN Today

Member Associate Observer
States Member States Status

Annual budget

= Austria = Netherlands. @ Brazi * Japan
1 Boigum - Noway = Crosta = uUsa
= Buigaria = Poland Cyprs ™ European Union

1.2 billion CHF
1.3 billion EUR
1.4 billion USD

M Czoch Republic B8 Portugal = India © UNESCo
2 Denmark 48 Romania = Latvia

== Estonia = Serbia - Lithvania

+ Finland - Sovakia  Pakstan

11 France - Slovenia o Turioye

™ Germany 2 Spain 2 Ukraine

 Grooco 12 Sweden

= Hungary O Switzerdand

= Israel 8 United Kingdom

iy

JUT 1 usunmuansdnuiuUsemaaandn CERN JUT 2 unuiuanaduniaaieaieoynia LHC

fian: CERN (2025). CERN Today. fia : CERN (2025). Aerial view of Genava and LHC.

WusRananvesdsu laud

1) 115338 (Research) yjuitfunsfnuiiugiunisidndeynauazndsnugs Insianznns
NAABIINLLATDITIBYNA LY Large Hadron Collider (LHC)

2) nsauamalulad (nnovation & Technology) udnduniswammeluladlv q 7iAn
NnmIduazannsaUszndldluavdy 1wy msumnd granmnssy wazmaluladansaume

3) NMsAnwILaTNAINIYAAINT (Education & Training) dalaTuN1TIT8UIUATRNBUTULAA]
thanw wagiininemanssulvl iulassnsiineusy mseusuag wazfanssuiiolsnvy

4) AuTmileTEnI1elsEme (International Collaboration) @3141A38%18UNINEIMIANT

wazan iuanvaIeUseme WenusiuUUgIUeinemanswasduRnm
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159115 CERN International Teacher Weeks Programme (ITW 2025) Lﬂuimamiammg
Ingeansunnafidalasesdnisifeliuadesslsy (CERN) Sfmuadatussuinetuil 4-16 Fwau
2025 a W¥5u ilenaiinn Ussinaainwesuaud Tnedidinuiendniie VRGP RF-EEARITELEIRR
Weneansadelvsiidngrieaseu (to bring modem science into the classroom) kagas19ANUATENIN
ﬁé’mﬁwmmam% (scientific awareness) Tuaan319

1A5aN15 ITW 2025 1 un15Ysaun1sads neildndsiuduiuinianisasu lagldnseu
Pedagogical Knowledge (PK), Content Knowledge (CK) itaiz Pedagogical Content Knowledge (PCK)
dielinggdnmannsaulasesdnnuiiandoynalugnmadeuludubeulfogiiussansnm

CERN ¥anangnsausungluaeasedy bauwn 1Asean1sA3sedus1d (National Teacher
Programmes) dntunwusivedusazyseme seeziian 4-6 u uazlasein1sazuIuwIf (nternational
Teacher Programmes) 3nilunwdingy szeziian 2 davt lnedingainvaeUssmadisaunsauriu
dmiul 2025 dn1sdaludnwaz Interational Programme lagldn1wndingudundn vinliiinnis
LLaﬂL‘lJaIEJuUiSﬂUﬂ'liﬂj%Mj’Nﬂ‘gmﬂﬂa’lﬁﬁﬁuuﬁ‘ﬁiuLLa%zUﬂJm‘iﬁﬂ‘H’]

Fausid .6l 1998-2024 faginiulasinsngveudsy ShuveEY 15,508 AU 9NUsTINAGNEN
UsgimanAauny gdananisal wazdseinaueniaIatny Megradu ansyeandng (1,459 au) wesuil
(1,219 Au) 014 (1,303 A) uarUsemandlvaundn 19y f3A (409 Au) ansgeluini (157 Au) $aud

UsswAlneliidnsiudnnu 27 Ay

Teacher Programmes Participants 1998-2024 (Total: 15 508)

Member States 12 368

Austria 346 - Belgium 157 - Bulgaria 951

Czech Republic 224 — Denmark 387 - Estonia 131
Finland 564 - France 536 - Gemnany 1219

Greece 1094 — Hungary 599 ~ Israel 54 - taly 1303
Netherlands 257 — Norway 178 — Poland 629
Portugal 537 ~ Romania 45 - Serbia 103

Slovakia 311 - Spain 811 ~ Sweden 336
Switzerland 138 - United Kingdom 1459

Associate Member States
in the pre-stage to Membership 73

Cyprus 16 - Slovenia 57 Non-Member States and Temitories 1110
Algera 11 - Angola 15 ~ Argentina 3 ~ Armenia 19 - Australia 19 ~ Azerbaijan 2 - Bahrain 3 - Bangladesh 2 - Belarus 11
Associate Member States 1357 Bhutan 1 - Bosnia & Herzegovina 37 — Burundi 2 — Cameroon 13 - Canada 26 — Cape Verde 6 — Chile 4 — Colombia 8
Brazil 318 — Croatia 193 — India 20 — Latvia 106 Costa Rica 4 — Dominican Republic 73 ~ Ecuador 2 ~ Egypt 4 - Eswalini 1 - Ethiopia 1 - Georgia 232 - Ghana 7 —- Guatemala 1
Lithuania 89 — Pakistan 14 — Turkiye 409 Guinea Bissau 4 ~ Hong Kong 26 - Indonesia 6 ~ lran 168 ~ Ireland 10 - Jordan 13 - Kazakhstan 14 — Kenya 4 — Kuwait 1
Ukraine 208 Kyrgyzstan 2 - Lebanon 21 - Madagascar 2 - Malaysia 5 — Maita 52 — Mexico 165 — Moldova 4 — Mongolia 1 - Montenegro 19
Morocco 2 - Mozambique 28 ~ Nepal 8 ~ New Zealand 6 ~ Nigeria 2 ~ North Macedonia 13 ~ Oman 1 - Palestine 5
Observers 600 People’s Republic of China 4 - Peru 1 - Philippines 9 — Qatar 1 - Republic of Korea 49 — Rwanda 20 - Sio Tomé and Principe 10
Japan 12 - Russia (suspended) 431 Saudi Arabia 1 - Singapore 3 - South Africa 12 - Sri Lanka 4 ~ Taiwan 1 - Tajidstan 1 - Tanzania 2 - Thailand 27
United States of America 157 Timor-Leste 12 - Uganda 3 - United Arab Emirates 1 - Uruguay 4 - Uzbekistan 1 - Venezuela 1 - Vietnam 5 - Zimbabwe 1

JUN 3 WNUNMLERIT 1NN SLATINSATINeAan $Ig5Y (1998-2024)

fisn: CERN (2025). Teacher Programmes Participants.
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for science and engineering) Iﬂaﬁuwmwﬁﬁﬁfgﬁﬂﬁ
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2) daaSuauinlauazussdunalanuildnd lnsanneildndeynia

3) §nRanssudnmuNa (follow-up activities) Tulszmevasnu tievererans3ousliAnay
soliles
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1 [y
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\A3RUEAFINgIA1ENSlATINIT ITW 2025
1A3IN190UTUATINGANEANSN1AATOUTIU CERN International Teacher Weeks Programme
(ITW 2025) fiaFing1mansidnsailasenis 40 AW 310 32 Useine fan1san 1

M5 1 UanednuAsiidninlasns @ nnudazUseina

ANAUN Th) Uszne
1 Olivia Tsuily
2 Ramya - A
duLAY
3 Suman
q Karen DUIUAUN




aaudi o Uszna
5 Natia 295138
6 Khai ng
7 Marija wosily
8 Tasha
LAWIA
9 Claire
10 Veronica UT%a
11 Aili Lodlaile
12 Will W3
13 Eren -
73N
14 Aysel
15 Lenka dladidley
16 Thuy YAUI
17 Jessica dulatlidy
18 Matin 31U
19 Leki QU
20 Dina Lsouna
21 Martin
22 Tugs v -
ansgeLsn
23 Chris
24 Tim
25 Cristine WauTud
26 Placido au
27 Vanessa N3
28 Nava 2a71L0a
29 Mesi GARE]
30 Phebe D9dAlNTLAY
31 Pawel Tudaun
32 Mahesh Unfanu
33 Nour LEUIUDU




aaudi o Uszna
34 Michela
35 John 90189
36 Maura
37 Trygve UasY
38 Ahmed deua
39 Damion FIRINT
40 Loh AU

MMIANEUIATING 1 LARTUSERINTTUN 3-15 FamAu W.A. 2568 L“fluaﬁ’mu 14 U AT 1N 2

A519% 2 wansnanssuvedlasinig 9 luuragTu

U 1380 fanssy Mg / fAnuns
Jeff Wiener (CERN), Milena
17:00-17:45 | Welcome Reception Vujanovic (Univ. of Leeds),
Sascha Schmeling (CERN)
3 a.a. 2568
17:45-19:00 | Discover CERN Treasure Hunt
19:00-20:00 | Dinner
20:00-21:00 | Introductory Remarks / Basics @ CERN Jeff Wiener (CERN)
7:00-9:00 Registration / Early Birds & Night Owls
Charlotte Lindberg
9:30-10:00 Introduction to ITW 2025 Warakaulle & Jeff Wiener
(CERN)
Milena Vujanovic (Univ. of
10:00-11:00 | Concept Map Session 1
4 d.p. 2568 Leeds)
11:30-12:30 | Introduction to CERN Jeff Wiener (CERN)
Visits (Synchrocyclotron & ATLAS Control
13:45-15:30
Room)
Jonathan R. Ellis (King’s
16:00-17:15 | Lecture: Introduction to Particle Physics
College London)
5d.m. 2568 9:00-10:30 | Particle Accelerators Simon Albright (CERN)




U 1380 fanssy MyNT / fAnuns
Veronika Kraus (Vienna
11:00-12:30 | Particle Detectors
University of Technology)
14:00-15:00 | Introduction to Study Groups Jeff Wiener (CERN)
Luis Roberto Flores Castillo
15:00-16:30 | The Discovery of the Higgs Boson
(CUHK)
Visits: Magnet Test Facility (SM18) & CERN
8:45-10:45
Control Centre (CCQC)
6 &@.A. 2568
11:00-12:30 | Engineering at CERN Raymond Veness (CERN)
14:00-15:15 | How to run a Particle Accelerator? Bettina Mikulec (CERN)
Study Groups Report-Out (5G4,5G 5)
Lectures From Physics to Medical Manijit Dosanjh
9:00-12:30 | Application
7 @.m. 2025 Introducing Particle Physics in the Jeff Wiener (CERN)
Classroom
Workshops & Exhibitions / Cloud
14:00-16:30
Chamber Workshop
. Luis Roberto Flores Castillo
9:00-12:30 | Lectures (14U Feynman Mathemagic)
(CUHK)
8 @.A. 2568 13:30-16:00 | Visit to CMS (Service Cavern)
Halfway Point Session: Concept Map Milena Vujanovic / Jeff
17:00-18:30
Session 2 / Review & Outlook Wiener (CERN)
Social Events: Discover Geneva Treasure
9 d.A. 2568 13:00-20:00
Hunt / Official Dinner
09:00-09:15 | Welcome to Week #2
09:15-10:45 | Lecture: Computing at CERN Markus Joos (CERN)
Visits & Workshops: Data Centre &
11 @.m. 2568 | 10:45-12:30
Mystery Box Workshop
Flavia de Almeida Dias
14:00-15:30 | Lecture: Data Analysis in Particle Physics

(Nikhef)




U 1387 nanssy MyNT / fAnuns
09:00-09:30 | Study Groups Report-Out (SG3, SG6, SG7)
Patrick Koppenburg (Nikhef),
Lectures: Beauty Physics at CERN, Heavy
09:30-12:30 Panagiota Chatzidaki
lon Physics at CERN
12 @.A. 2568 (Uppsala University)
14:00-17:00 | Visits: ALICE Exhibition & LHCb Exhibition
Social Event: International Gift Swapping
18:00-19:30
Circle
Lectures: Al in Particle Physics, Radiation Maurizio Pierini (CERN),
09:00-12:30
Protection at CERN Claudia Ahdida
Luis Roberto Flores Castillo
13 d.m. 2568 | 14:00-15:30 | Lecture: Taming the Very Small
(CUHK)
Visits: Antimatter Factory & Low Energy
15:45-18:00
lon Ring (LEIR)
Lectures: The Future of Particle Michael Benedikt (CERN),
09:00-12:30
Physics, Final Questions & Final Answers Sascha Schmeling (CERN)
14 @.A. 2568
14:00-17:00 | Study Groups — Session 4
17:00-17:30 | ITW 2025 Group Picture
Jeff Wiener (CERN) Loy
09:00-13:00 | Study Group Presentations (SG1-SG8) - ,
ANTOUAALNAY
Closing Session: Concept Map Session
15 d.A. 2568 Milena Vujanovic (Univ. of
14:30-18:00 | 3, What’s Next?, Certificates & Goodie
Leeds), Jeff Wiener (CERN)
Bags
19:00-21:00 | Social Event: Farewell Dinner

1 v

Aanssuveslasenis CERN ITW 2025 Tudunniusn (4-8 @9MNAU 2568) UIUUNITUITUEAY
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Aanssun1AURUR weynuguanuIsuildndouniawan1sinauues CERN tituagaidnsau lidnee

Juidei309A3031399101A (Particle Accelerators) 13899 5393A8UN1A (Detectors) LAZNITAUNY

gndlugau (Higgs Boson) naanaunisigeuvuiasljuifinisuazaniui

ATLAS Control Room itag CMS

[ 1

d1ney LU Synchrocyclotron,




Tugaananslasenis (9-13 Asviau 2568) AnssusuIdun1TYIAUINTANT LaEN5AT
1A39918AUTNLD TaeAaNTINTIFIAL (Social Events) 19U Discover Geneva Treasure Hunt uag
International Gift Swapping Circle AUATUNTUTIEIBTITBLANIENIS LU Computing at CERN, Data
Analysis in Particle Physics, Al in Particle Physics bei¢ Radiation Protection at CERN W'ﬁjauwgﬂﬂﬁ
LLU&ﬂ&juﬁia&Lﬁaiﬁmmwa (Study Groups Report-Out) wagn15v1 Workshop La@3u 14U Mystery Box
Workshop warMsieuva Antimatter Factory

Tughewihelasens (14-15 eney 2568) fideuldillenauaniudsubsuiuazasioudnsinunis
vaungu (Study Groups) WagnsuIEUBKaIU (Study Group Presentations) ﬂﬁaUﬂquizLﬁugﬁgﬂLLﬁi
Particle Physics, Particle Detectors, Engineering at CERN 1‘U%uﬁﬂmiﬂizqﬂmﬁlﬁgﬁmﬂmmwmj (Medical
Applications of Particle Physics) uaﬂmﬂﬂfgﬂﬁﬁ%ﬂiiuaiﬂumﬁﬂ (Concept Map Sessions) kagn1s

avviounan1sseus newlalasinisegaeugumensuauiesatnsuay Farewell Dinner
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Uszaunsainisdudisluduesdanuinisiidndeyna nmadeuiannisussenelaetnineimans
madransinuatduiesufoinig saensuntsvinfnssunguiuifiounsununed Anssuimarill
Wesasuaisnnudilalngamguiuasnisussendldmalulagvadldnd uidsneligdeuldnsendngs
AudAvRINIYsANIsUsEauNsalnsslugnisdnnsiseusiandluieasen

Tuunil fidsuazdrenentszaunisainsdouianmadisiulasenis Tasudsmmsionss

a s

waganszdANlasy taun Anudduiidndeunia nsleudifeiueTodseun1ALazAeInNTIAin

[ U £ =

auN1A NM3IANSEEUIHANdouNATEAULsELANY

[ '

WandoynAuazidsy

CERN rasstuiiiedummeuvasdnnuiiugiufianluiidndin “aansusznaviuainesls uas
wssdnaansitlisoiuliafeddls”

Tuedntininermansidoinoznon (atom) Aeviieidnfignvesaans luamisautsusnseluld
wsin1sfunulnel 4 lEndnanudeiodedeiios

A.Al. 1897 10.43. sauduU (JJ. Thomson) Aunuvaaesdianasau (electron) viinsnuinesnawd
asRUsznaunely

A.f. 1911 Loosiuad Simesweosa (E. Rutherford) Aunufiuedsa (nucleus) Fadununarsves
ozney duwadnnitezneniesnd 100,000 w1 uazduszqlufinduuindwieungnienin Tusneu
(proton) MntuTswuesmeulalldfumhedniian uiusenoudediinnsounaslusnon

A.f1. 1932 19ud wvadn (. Chadwick) Aunuinseu (neutron) Sadusynailaifiusqliidi v

AU INTRLAUTUIN TAFar9esnauiinelUsnouLasinnsou

'
= U

winmsdumdildngafisuiu dnivermaninuiilsmeunsrinsouesfililvadidiniian &
ansouengeslddn uazeyniain q wanfigniiendn eyniAyagiu (elementary particles wie
fundamental particles) faifu AAndNugAGlFaNEdY Ronsfnwautfveseynialuiedea
uaznssfinsshmeluinndeady q fafufiinessiih fuedes Musngedluievondsu

© ° e

°
<
o
°
° % o @ e @ )¢ (+)
°
e °© 4 ] e ° &
-

JUT 5 uuuiaeserneunuLwIAtnIng1mans

fisin: Compound Interest. (2016). The history of the atom-Theories and model



Tudinusgsifu imuifiuaans (Matten) soudegiane aanaivali Usenaul uainesmey
(Atom) ustazarmeuiilassairsfiugiuiivsenaudeiuadoa (Nucleus) agnsinans uazddidnnseu
(Electron) lavsegspUUan dnAduavetesnauysenaunielusnau (Proton) wawiiinsou (Neutron)
Turusisidnnseulaaseg niouen udnisAnuildndeynalaldvgaifioasing dninemansdad
Aanuin melulsnounarinseuesioynadesdnuielal uazeyniaiidnfianlusssumiaeeyls
fnaunmsAnumu Tsmeuuarinsoueaszneuiuanayniaiugiuiidendy a1$n (Quark)

mshanadlafidndeynadndudediiedssilowfisdy Tnsannzinionsiounia (Particle
Accelerator) @aihminiisseynia 1 Wneu Tiadouiiomiusigunnlndifssnnaniuas el

AnnNsTuiUning:uas nssuunsvuiiliianisiuasuglremasnuluilusyniayiagig o au

aunnsvedlovalm
E = mc?
Tne E Ao wasu
m Ao 178

c Ao Anusuasdludyyinia
naunst naannsnisudundsnuld weendsnufansoaianariesynial 4 1§
uiy Pnildndeynaiierdenimmsatadunamaedeuiiveseyniafiiistundenissu wiefinw
autRfiugureseyMAgosuaruIinssisaiy vuiteludnuasdingnZends Rdndndsnugs (High
Energy Physics)

1 o

NSAUNUBYNIALRETINILLINTUYI A.A. 1950-1960 1Wu Hveu uaziiveeu inlviiniandl

= o ‘f] L4 b %4

anunsndnszuuauile Jsinludesadmguifesuisanuduiussenieynamaiiognadussuy

danaliineansivinisendt Wandeynia (Particle Physics) Y

Higgs boson

E‘U‘ﬁ 6 u:uufﬁﬁammmgwummwmﬂgagwu (The Standard Model of Elementary Particles)

fisn: CERN. (2023). The Standard Model of Elementary Particles. Retrieved from https://home.cern 10



LEPTONS

luwuudnassnsg1u (Standard Model) tinA@ndladndnuunayniayagiulungy wesiisou
(Fermions) #aifiusyniavesaans (matter particles) 1u 2 Uszian fio

1. 1aumeu (Leptons) davun 6 wiln loud Sidnaseu Sreou v wardmiludnaruvie
syt anssadssegegedasy liseneudienndn uaglignaandesussiundesesady
MetsdrfgAensAunuiiteau (1936) dawsludianaseu (1956) Ta3luinesu (1962) wagn1a (1975)

2. AN (Quarks) Wusymegaguiiliannsamsiegesnidass wirrsmdiiuiniusnseu
(Hadrons) 13w Tsneu nseu wazdigow Tud 1961 wesise nag-uuutl (Murray Gell-Mann) wazgda
fifu (Yuval Ne’eman) Winaueuwifin The Eightfold Way iednseideuaaseu waglul 1964 inad-
wuduazaeda lenn (George Zweig) l@upinaasoumanEUsEneUREAsnaRY 3 ¥l (up, down,
strange) siayndn1sAunuiinausadu 6 wila (charm, bottom, top) N15MAaed Stanford Linear
Accelerator Center (SLAC) 1wl 1968 ngiiuvas3auumy nudas uazwmdiaes ladudunisiiegasves

AsnanNnIsBedidnasauludlusmnau

three ger;'eer'a':‘l'oor:'ss;)f matter Interactlo(r;so;xrsﬁe carriers B {L.m / . The nggs.boson IS a SpeC|a| type
1 I m of boson with spin 0 that plays a key
ass | =2.16 Mev/ct /.v 273 GeVIc :.|7)'>?(,:-vr‘(' i ;Y}S)(xe\’/(' role in the Standard Model by giving
|9 (WP || @ | & other particles their mass!
up charm top gluon higgs
@ I'® |'® (| @
down strange bottom photon
>‘0 511 Mev/c? >I‘ 05.66 MeV/c* >‘| 77693 Gev/c :(H 188 Gev/c* ”
r» & ’ » O 1 2
W @ |2
electron muon tau Z boson 8 2 A 4
<0.8 eV/c N <0.17 MeV/c . <18.2 Mev/c’ . =80.3692 Gev/c @ f‘ “ “
W W (W |2 /
neutrino ) _neutrino ) (_neutrine J ( WPoson J &2 @

gﬂﬁ 7 WHUANETUBLUUT AR sEINIINElafn15Usseeluiite Introduction to Particle Physics Iag Prof. John Ellis
fan: Ellis, J. (2025.). Introduction to Particle Physics: Fundamental Building Blocks & Gauguin’s Questions [Lecture slides].
wanNesiinauwdl Standard Model §483U18n15808 09 BYUNIANMERSI (Force Carrier
Particles) nielugounmzuss devimihidusinansvesussiugm Téun aou (Photon) Winzuaduss
wsiwmdnlalii (Funulutisiundadmmssuil 20) ngoou (Gluon) wivzvesussinadesegady (Funy
Taengu TASSO 91 DESY Useineigasudl U 1979) W uag Z Bosons winzvesussdindesetsgou
(#unulne Carlo Rubbia waz Simon van der Meer 7 CERN 1wt 1983) uazdndlugeu (Higgs Boson)

FagnAunulul 2012 NEsu InewrTensioyn1a LHC ivthigudunalnnisliiauneuniayagiuy
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nanlaeasy lauseunazanin Wueuniayagiuidusingiuvesaans vaued sansou (Ju
HASNTIINNITTINAIVDIATN Uag TULaUNINELIY i da s ugulusssuy@ nsAuny
wia19vil9 Standard Model nangidunseunguffiauisasiuislassasavssaaisuasUjdunus

fuguliegrsnseunguignautadagiu wikuudaeswnmnsgiuasyssauanudnsa uwid ldamnsasiuy

wsalduaadnunle llaunsanausn Ul osaasinaznasnuiln sedudsunazdnidndiilandans

WUt AUMIAINBUNUNTNARDITEAUNS 1A

LATBILTIBUNIALALIATEINTININBUAIA
wsausteuNA Ao aunsalivihmihisseumaniiusealuih wu Sidnaseu WWsneu wislessy
TidAnudiguarndsugann andumuaulieunamaituaiounluaudunisidesnisuazyili

Annsvuiunsensenuiudvaneg Wedunanaiiietunasfanuduanuimavemans

Proton/ion

beams

Uil 8 dmlszneuveaiedeasteynia Large Hadron Collider (LHC)

fisn: Albright, S. (2025, February 19). Introduction to Particle Accelerators [Lecture slides]. Retrieved from https://indico.cern.ch/e/ITW2025

NANNITH UFIUVRLAT BOLTI0UNIABIA A NF NI NS senTsaynafvaunlnuay
auruwdvan lagauuliiagliusafiissoynialifinnuiwiutu diuauiuiimanazauauiie

nensiedeuiliegludumeiidents anuduiussenimdsnuiuussauasdndlnin deaunis

AE = gv

e AE fewdsuneunialasy

q Mg Uszqueseynia

v fie anusidndlainfiouniandeuiisiu

U 9 nénnsisseyniadgaualih
fis: Albright, S. (2025, February 19).

Introduction to Particle Accelerators [Lecture slides].
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yneymafiisealifiniadoufiiiuniusnednsliin eyaatuarldundanuandifagy
frogatu Bidnnseuiiusey g =-e IndsuiikuANuAeAnSlni 1 Tad agldfundsauminiy 1
Sidnnseuliad (eV) Fadumheumsguiliiandanuluiidndeynia

Hregraedsasadelniinadn loun 1ndeaiudauaunensil (Van de Graaff Generator) 1y
i30S UULUIN 9 anansaaiennuindndgaagliaenuihuszqliilazauuulanlavzaue
v insesiianansoadrsauseingdldssiunanedulaad uidilifiomedmsunsiseidndndeay
A9 uazhuauwIULABNIIW (Tandem Van de Graaff) 168"3§mim§sm‘dazagmnauLﬂuuaﬂiuizwdwmi
134 Inglviozmaugnisalulseqaunou Lﬁar}huqﬂﬂsaﬁﬁaﬂdw charge stripper azvhligadediannsou

wagnanedulszauan 9ntugnisdnaisluiianiandu Suilnlindnusingaau

VAN DE GRAAF ACCELERATOR TANDEM VAN DE GRAAF ACCELERATOR

E‘Uﬁ 10 Lﬂ%aﬂﬁﬂaymﬂ Van de Graaff Accelerator ?J?U‘ﬁ' 11 Lﬂ%‘lmﬁﬂaqmﬂ Tandem Van de Graaff Accelerator
fis: Albright, S. (2025, February 19). fis: Albright, S. (2025, February 19).
Introduction to Particle Accelerators [Lecture slides]. Introduction to Particle Accelerators [Lecture slides].

o w ]

18311Av0INs s nTeliinadin Ao wssiuliinadalalugaufyi

AYnagUsTannl 10 §9 30
wngliad dsliifisanesens@nwusingmsainisildndiidesnissedvingdidnasouliadfanse
fidnaseulaad JuRanumnamsianeIeassdslwiflfaunslninnssuaady
iesanntiymvesnisldliianszuanss fio msdnesgunsalissliihaiavaeysioidleaiusi
TiAntymizesiavesauuliiniliaonadesiuiiansndouiiveseyna ililiaunsaswiododls
wannsveslalfinszuaadu fe msléaunilifinssuaaduiisenadesiunuiveseyniai

Mauadiaun vilveuninaunsasundsnuiadunnasc1ugosIsvensuslowuud (RF cavity)

AuduRusNEIUNoUNAlATUAD
AE = gVsin(@)

NI uRUAsuwlasll
Usgqluih

Vsin(@@)  Ae  anwusnedngnTuediuiaratounia

&
()]
>
==
mo)
S)

O
o))
©
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LATBILIIBUNIANINNATE (Linear Accelerators: Linac)
winn1s Ae wsessanemsddinsuslawuudiiosieiuludunss suniraggnisamnassiinim

4943193813195 Inanelulnssaslifiauulnda Jef Ao weTodsimnenssanunsassennaliegad

Usgansnmlaglidadlduivandeuy undediin fe 1n3edazeniuinillendsanugs 1wy 1384 Linac

YDUISUNTAINUYNINANYTDELUNT

\nSeaissayn1ALULNaY (Circular Accelerators)
Fooumaiitiuszadeuiluaunuwimén avgnidsauuiiemamuusailesanauuusivdn

ANLANNTS R R

F =q(vxB)
de q Ao Uszgueseunin

v fle musIveseynn

B Ao aunuuilngdn

lalaamsau (Cyclotron) Mauuusimdnasiuazanulwihnszuaadunsi eynandeuiidy
2leaslulassaiininanauiiiondt # (Dee) waasldFundsnuiiuynadsiiniudesing

A1UN15ANUD AD

e g Ao Uszqveseuna

m  f® UIAVIBUNA

30

B Ao aunuuiivén
JUT 12 wannisvinaizeslalnansen

fis: Albright, S. (2025, February 19).

Introduction to Particle Accelerators [Lecture slides].
agalsfinnu lelransoudidedndn Ao Wosynalindsnugunniuaudilnannuswas eynia
wddannizduringnn (relativistic regime) WasnAnudlaasveseunaUdsuulauazlingaiv
Audawlndh dwalinisissgardenisddasiud Jeldaunsasseunialitamdsnugann 9 16 39

Juwmarafiseainsianiluesenseuniauuuddlasnseu
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Felmsasau (Synchrotron) sanuwuulisailnasaei wazlinsuSuanuussvesauiuiaiwan

wazAudlninsewaadulundauiu Insanuduiusvaduuduiuaunullivanae

P = cqBp DIPOLE MAGNETIC FIELD AND MOMENTUM
Wo P An Luuusy
c feo dnvuSwemastluagyinie
q Mg Uszquesaunn
Ao auuslman |
JUN 13 AnuduriusaesTumudniuauaudvgn
p fe Saslaulag an: Albright, S. (2025, February 19).

Introduction to Particle Accelerators [Lecture slides].

'
v A

Tumsisseynaliindanugdvaudsseduiiansaldlunimaaemsiidndeunia luifiewun
Fosntsuvamdsauainaulaiuyiidy widsrasofesruumIUANiANIIkaENSINAaveEIaYNTA
othausiugde esanoumaiignssiusnayliedouiiiugdunssauysal mnudeslhiadoutiedns
fase dreynAIznIzaBeenidosanusNdniuszninseyafiduszglniimilioudu (Coulomb
repulsion) fatiu LApaiveyniadafeddaunuivmdnyiasig 4 emuaunisiadouiilviogluidaasi
fvua wiostesrlideymaiirnuuutiusasaiosraonduna Tnsesdusznouuindnluniouss
auN1A Usenaueiy

wivdnlelna (Dipole Magnets) gndaFsadurswmuiiiodsfulieynaindouilunidulds
Tnsanuiaveseymaduiusiuluwudy Weluuuduveseyningeiu wwfosuauivodngas
Twuuud (RF cavities) Wasnadoaiieriunudsmzusinsisaiignies

mslifadeynia (Focusing) fianuddnyesnada iesandreyniaiignissliliidudronnad
auysed (not perfectly laminar) usiin1snszanesuasnaniiu (Coulomb repulsion) Sdudedldsyuy

wimdniieUsuiiamnslidteuniauauatLarAsfianslieg1esialo

/ The momentum defines the speed, add \

one or more RF cavities with a frequency
at an integer multiple of the revolution
frequency.

Increase magnetic field and RF frequency
\ synchronously: Synchrotron /

B o] 0 g

gﬂﬁ 14 msdnSeaimanialnauayinsaslowuud 35U 15 Quadrupole Magnets
fan: Albright, S. (2025, February 19). Introduction to iyn: Albright, S. (2025, February 19).
Particle Accelerators [Lecture slides]. Introduction to Particle Accelerators [Lecture slides].
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WWaNEY7 (Quadrupole Magnets) viwifinanlunsiviaaoyun1analuluILOULAZLUIAT
1ng Focusing quadrupole gvilvianaynialnialuiuiueu @y Defocusing quadrupole aglulialy
g)’ v A 1 13 5 a 4:94} 1y [ I~ a 1 1 [ . 2 U W
WU Msdnssanlimanyseesstatladuiulussuuisenin 9eelnda (Focusing Channel) Feindmlu
JUKUY FODO lattice nadnsAoyilianeyningnaivaulilvinszaieesn uazindeunlasgivaissn
WUIUDULAZLUINIRADA91ARS UonANTelliailnanund’ (Sextupole Magnets) TduAlumnumnaind
(chromatic aberration) MAAINNIINTEIENEWY Uazszuvagyinaiedesiulilioyniaguiv

LLanavedaInIe

FOCUSING CHANNEL

CHROMATICITY CORRECTION - SEXTUPOLE

Sape

A

Horizontal

4
\ N
Add quadrupoles around the ring to 3 5
keep the beam focused —_— e S

¥ \ -
U 16 mslwadeyniaves sU# 17 M3¥n9 Quadrupole Magnet 3Ut 18 sl Sextupole Magnets
Quadrupole Magnet soUlAFBYIBYNA oudlumnunand
fian: Albright, S. (2025, February 19). flan: Albright, S. (2025, February 19). fian: Albright, . (2025, February 19).
Introduction to Particle Accelerators. Introduction to Particle Accelerators. Introduction to Particle Accelerators.

\A3D91390YN1AYBUTTU (CERN Accelerator)

ca as 1

Tunelfin dniandnasusadusnaulagldiasesseunavaisviinseliiesiu nsusasiasos

[
o =

T fdiundanulusneuiiazduauiassivasan 1og wea 1oy 3 (LHO) WwnIadsiaynianandl
nasugaaniulagiu

The CERN accelerator complex
Complexe des accélérateurs du CERN

Plasma Wakefield
Accelerator

MEDICIS
Em
ISOLDE
= e,
R%/HIE- ¢ [East Area
S h t ISOLDE :
....................
= T CLEAR
H —
Inacs =n
P H™ (hydrogen anions) > P RIBs (Radioactive lon Beams) > s » ) p (muons)
LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator
HiRadMat - High-Radiation to Materials // Neutrino Platform

U 19 wnufauanaszuula3aasseyninves CERN (CERN Accelerator Complex)

fisn: Albright, S. (2025, February 19). Introduction to Particle Accelerators [Lecture slides]. Retrieved from https://indico.cern.ch/e/ITW2025
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Tassasrménues LHC Uszneuseuwsindn Superconducting dsvinsuilgamagil -271.3 °C i
AAnaduvesene easanauwimaniifianudigs MW msumuauiianis (bending) waglnfa
oy (focusing) Wiadeuiogaatiosluaaumu

ASTUIUNNTIIIBYNIAGNIIN SEUULTIBLATA (injector complex) TiUsznausisiAToalsmany
Fumou Buain Linacd dsludis Proton Synchrotron Booster (PSB) a1u#28 Proton Synchrotron (PS)
Wag Super Proton Synchrotron (SPS) @ avintinf i undsuuazaunuisiuvesusnoulindou

o o 1

dwsunisisading LHC ledgrsumundn Tusaeuaesdiazgnissaumadudioanuiilnduasuas
devufuarlimdanunugsgaissiuvaomszdidnaseuliad (Tev) fadufoulvddndmiunsinu
WandounAndeug

msvuiureseymAindy o gansatandndura Tdun ATLAS CMS LHCb wag ALICE Tasnis
yuiindanugsdanarnilfiineyaalml 4 luganandudu wasinfidandauisodinsgidoyaio

nyRasUAMaNUAveIRUMATUEIY TIiumIUTIngnsaluennioniuuinaewnigIu

in3eenTIaTnayn1AnanTy LHC
LHC fhedasnmatneynmauinalng 4 in3eamdn FuhaumugiuiedsaUingnisaleynia
Tuusuniuanssiu Teun
1) ALICE (A Large lon Collider Experiment) 1duip3owmsiainfieenuuunniiefny
nsvuiuvesiuadoanini ndsaugs (heavy-ion collisions) Instanznsvuvesiiadvany i
njngRensaisanneflndifssiurasnanfediflulasiufusnudsinuus nelddoulafendn
wAnanIENaIaNNANIn-Ngesu (Quark-Gluon Plasma, QGP) Fafiuguuuuvesaasfinnninuazng
soundouiiegBase llsignineglulusmeweihnseunileuluaasinly msfinwaniig QGP Hae
TrdnIneraansitilaaudfves wsellnadusos19 i (strong nuclear force) wagnalnn1ssINAIvDs
oumadithlugnsnefvesaaslulenangadu uidoan ALICE Jadeslesnisvudmaasdly

el uAnsiriunshanudiladinmnisvesinsaluseauingnaine,

JUT 20 nwengaTauazuuUIRRIaNiiAvauATeImTIvTneunA ALICE

fia: CERN. (n.d.). ALICE Detector. Retrieved from https://home.cern/resources/image/experiments/alice-images-gallery
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2) ATLAS (A Toroidal LHC Apparatus) LfluLﬂ%"am3aa$ﬂﬁﬁmu1ﬂiuiyﬁqm1uiaﬂ 1y
firaga 25 lwas AL 46 1wRg uazvinnd 7,000 du daduiriommataounuszasd (general-
purpose detector) fleanuuviiaAnyInsvureslUsneulingsnugn Iaiiuresnsidedenis
AumaunAwazUsIngMsalludluiidndeunia wu n1snsivaeun1siliegvesdndlugeu (Higgs boson)
FegnAunulull 2012 Tneldsunsiudusiudunaiin CMS uanannifu ATLAS Saffunumddnyluns
AT19aeUNg N And T e uanivileuuus1aeauInTgIU (Beyond the Standard Model) 11 nqwd
Supersymmetry kagn1sauandRvesaasiin (dark matter) Inseasnsvas ATLAS Tdszuuusdingn

In3884 (toroidal magnets) Ywalng TIuAUTEUUATIVIANAIETY WolWausadiasiziauniale

vannvaneilaluiuins13uiinTourqueg1andag

JUN 21 a8 aaHUUNARIENRAT0ATEINTIATABUNA ATLAS

fia: CERN. (n.d.). ATLAS Detector. Retrieved from https://home.cern/resources/image/experiments/atlas-images-gallery

3) CMS (Compact Muon Solenoid) l#sunisesnuuuliilassadraudmanleduessi
ngitndm (compact) Tsadvauuwivdniiaiianonazasounquuininsvuialng Tssadnsdivaels
ansndniFesdunsaineymanatsduseu q garuvesoynialdegisiiussansaim lnstanizns
nT9dueynaieouiinzaruaaslalng nsiauedenisnanusEning unsnines@aneu (silicon
tracker) wAaa3dtnasuindnlni{n (electromagnetic calorimeter) uAaa3tinasa1nsoU (hadron
calorimeter) wag 58UUATIITUTIDDU (Muon chambers) flogduuongn e Tuinidunis nasw
warvlinvetaunia Inanangves CMS IndlAgaiy ATLAS AenisAunidndlugeunazaunialug 9
sufamsnaaeuiidndusniniouvudassunnsgiu Suilinadnsann cMs 1Bundngruguunuild

o

guduaNUNABIYEINTITAUNY Wi NMsAunuandlugeulut 2012

JUT 22 nwengaTauazuUUIReIENiiRATeATeIN I IREYNA CMS

fian: CERN. (n.d.). CMS Detector. Retrieved from https://home.cern/resources/image/experiments/cms-images-gallery
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4) LHCb (Large Hadron Collider beauty) Lﬂwﬁﬂum%‘bammi’mumﬂ‘wé’ﬂﬁuaq LHC 7
aammumnﬁaﬁﬂwagmﬂﬁﬁ A3nIRann (heavy quarks) Taetanns DaRA3n (beauty quark w3e
b-quark) L@un strange charm bottom wag top YAy snued1AyveIn15338lu LHCh Aan1sdnun
AIEUILNTARNEFYB8YNATIE b-quark uBsAUSENOU 19U B-meson Lilevhanudilausingnisal
nsandinauuins CP (CP violation) Fauduladeddalunisesuisanullauuinsseninaaisuas
Ufj@ans (matter-antimatter asymmetry) lutanam ‘Uﬁwﬂgmiajifl,ﬂuﬁwmmﬁﬁﬁymﬁﬂima?wm
desnmunguiuds vdsnsidadnuusasiinsadsaasuazufaaslutiunalndifestu uided
Funalddoionanilagiudaasidussdusznaundn Ky LHCb Fedunumdrdlunimaaeadior
anutlanalnivilfiAnansliamnassnanuazfunmsvigesdauiiienaiunseuvesnuudians

WINTFIY

JUN 23 nwangasauazuuUNaRIENilRYeNATEINTIVIROYNA LHCD

fla: CERN. (n.d.). LHCb Detector. Retrieved from https://home.cern/resources/image/experiments/lhcb-images-gallery

wiiedemnaineyniausaziaiosgnaiiatuieagusrasdiunnsaty idomsataoymea

wanidindnnsvinuiiugusedsiindiendatu fel

1) n3nuned (Trigeen) TuusazIudidl LHC iamsvuvesiusnounatedesduads
aunsotuiinmnnsaitenunld ssuunininesieiuinidansesansmnnisaiffiuualiiudies
\Rertestuusngmisalmaildndidny 1wu nmsaanefveseymamennviensiinndluseu Toyad
shumsdnideniiniulszgnawielutuiinuasiinsgviesneasidon

2) unsnine$ (Tracken) [uszuuiteglndyavuiuveseynaundian ivihilnsaaey
wnmsiedeuiveseymafiiiuszglnih Tasendomsidesuuluauuuingn Wesymeriuiannsn’
wiindyanandn 4 vareen (hits) fasnsadeslosiududunis (track) Sﬁa;gaﬁédaaiﬁﬁﬂﬂ?méﬁmm
IgiluudunasinUszquesoynin

3) uAap3illnes (Calorimeter) finthilfawdsinuveseynia uiseaniduassszian

wanfe wAae3dwmesuiinanlniln (Electromagnetic calorimeter) A5293ANa991UY0I0YN AT ]

19



UFduusniauimdnliin Wy Sidneseunazinaey Weeyniamaiiitiguaanifimes asifn
nsEUIUNISABnd1 Msuannszaautmdnlulii (electromagnetic showers) dafunisadtseynia
NREATITILILNIN JUNGIUgNYATuLazasainliegiugn uazwaae3liwesannseu (Hadronic
calorimeter) n319¥andsnunesoyniasinsou iy Wanou danseu uarlweeu Weeymaweadvutiy

s a

Fanluwnaeidnes autinn1sunnnszaneanseu (hadronic showers) Fadutaunitwuuuivining

v fdu a a

Wannniufduiusiviiueivavesevneun Toyailadroinanuuwiuglunsssyrianagndsnusiy

Y848YNA

K"—’/\_/_\ Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

A Barrel fransition radiation fracker
..... y End-cap fransition radiation tracker
End-cap semiconductor fracker

E‘Uﬁ 24 AMWIN@RUDY Inner Detector Ua9 ATLAS E‘Uﬁ 25 ﬂ']‘INLLﬁ(ﬂﬂIﬂiﬂﬁ%’NLLﬂaﬂ%ﬁLm@%ﬂl@ﬂLﬂé@ﬂ(ﬂi’)ﬁ]’?ﬂ ATLAS
fisn: Joao Pequenao / CERN. (2008, 27 March). the ATLAS Inner fisn: ATLAS Experiment. (n.d.). Calorimeter. Retrieved from
Detector. Retrieved from https://cds.cermn.ch/images/CERN https://atlas.cern/Discover/Detector/Calorimeter

4) 53UUn333UR299U (Muon detection system) Teawluoynianiiunauinuag

ansanzartuseaesliwesdulnglilaelignuensgisauysal Jvediszuunsnrduitesulaeanie

FaRnnog tuLaNgnrauA3omTIain e luiindumaias Ialuwusiuvesiteouliaeiauiug
5) N35UTINLarUsTUtanadaya (Data acquisition and reconstruction) 4oyad
laansyuLgeaie 9 lown n3nnes (trigger) unsnines (tracker) uAaasiimes (calorimeters) Lagsyuy

M3333UL798U (muon detectors) A NTIUYIAIVAULALNIUNITUTLUIANE LI DATIININTILVDY

o a

winnsaln1svumisdulusdazase dnildndaunsalddeyamaiineduunviinveseuynia A1um

v A [

WasuLaz LAY faenauiiATIzRnTzUIuNTIAaTY lnaiduneddgAonis wendygial (signal)

Faprangrdesiuidndlminieusingnisaimeinaanainingn1salinunas (background events) 7

WeTudulszsannszurunisvumlunazldlddaigainsanulanense
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wumeNsInnseuiiandayninszaudulseufne
NuATeTnnnuInseuliseudnunianuaulagweusingnisalnindusaziiasde wu
wauen guileslu viedinuenlan Jedenndesiun1sAnuives ROSE project (Sjgberg & Schreiner,

U =

2010) Awui1 anuaulaluildndoyninoglusedugais 78% niseenuuunsasudsmsldanuesing
ognLiu(epistemic curiosity) vestiniFeudugiu ududeulsdluguuAnilandeynia
tniFeuiniAnuluvimifina1andeu (misconceptions) enfufidndeyninain 3 anungaidny

Loiun

1) UsgaumsalludinusednTu (Everyday experiences) inaudivesinguuinivaunld
fusyniAvuadn 19U Anddosdinssnseyhnaeningiandouild

2) mia‘ﬁ’mmsﬁaufﬁlmﬁmwa (Inadequate learning offers) nsaeud laiid oulesfiu
ANUIANYSEUSUNYRTNITEY

3) nwvidewetuiduiinanaiadou (lustrations & animations) nsldamitlsinssdumdn

ANYFEARSDIAVIIAUNS I URAURS

State of research

Everyday experiences
Inadequate learning offers

lllustrations and animations

JUN 26 anuansamnddgitluguluimiiaainedauneiiuid@ndeynin

il 9

fisn: Wiener, J. (2025, August 7). Opportunities and challenges of introducing high-school students to modern physics: lessons learned

from particle physics. International Teacher Weeks 2025, CERN. 11893910 https://indico.cern.ch/e/ITW2025

=

uluimifinanaedouluneinfidndifatuldnnnistouiisaiissssaunsaissdriude
awdritligndes 1wy madilawsadunmdnvieusiisediaie Haiasaudaluseduoyniausgn
fevenrumMskaniUasueyman e Wunmsiudsuiiieusynanneusa (Force Carier Particle) 3o
Tugouwvzuss Fsluiidndeynia snldguinmsleugnueauuibeiieedunsuseszninieyaa 1wy e

Alsugnuealumi B 13804 A aznegluaunas e B Sugnueald i5eved B Nazimdeuiinaendsiie
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mnidesaukangnuaaluinetsanfiaziedeuinsanannitu gnueaiSsuiadionoymanineraause
(Force carrier particle) naslugaudmiunssiadssedgeu fjunsidenammseaniunisaliiio
guandmnudAganimnzenayiliAnluvimiinanadeuls
WAV sAeURBaNLAde T

1) Nature of Science (NOS) n15158u13 p30un1AAITLI NFUIINATYINAMILTLS
§35uMAVINeIAMENS (Nature of Science: NOS) Wisliini3aumsyviniuuudasseynn (particle
model) laildfuAsftannsoueaiiuléats uddunsesuadmnuifiaiduiossuneusngnisaimns
535073 niFousndanudilainiiuuudiassdonmunuiinnedavesnnunduaie uduiasoudn
wuuaesanansnivdsuutadlditedivngulnaiusngdu (Nature of model) nsaeufiiiiu NOS ¢

YYvaa £%

Prgligseudnlannuduiusseninmg el ¥angu wavdadnnnvedisnsmIeineimans annedeasng

£ I a

VimuARigndedsiainemanslugiugnszuIunsiuaznauiiinninisandideriatudissegis

LfieN

2) Typographic Illustrations N5l dgyanwaln196nws (typographic illustrations)
dudnvidauumaiigaglrindsudlalasiaiseyniadeslddetu osminlassaisosoumea iwu
TUsmounazdanseu Usznouiuanandndideiauansietu wu Tsaeu p Ussnaudae uud wie up
up down 1y p AU d dlpudulNewAnNauRd kaztinseu n Usenauaay udd w38 up down down

Tag n AU u wlsunuigaAndURmieasuelATIas1lUsnoULariNnToU wiFdnyIwadazluly

A Y v
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n1514 typographic illustrations §9%18aAANNTULDUVDIA YA NWAUNALAAIENTUT OLNUN TN
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Anemmansioasnnuludsuiissuseauisey
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Nature of science Typographic illustrations Linguistic accuracy

“With the model of u d decay
particle physics, we u d u d
describe...” transformation

JUT 27 amuanuuInnsdanisiseuinvihliinGeud lawuuditaeseynineggnees
w1 Wiener, J. (2025, August 7). Opportunities and challenges of introducing high-school students to modern physics: lessons learned

from particle physics. International Teacher Weeks 2025, CERN. 1189310 https:/indico.cern.ch/e/ITW2025
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3) Linguistic Accuracy mnﬁaﬂ%ﬁaaﬁwLLazm‘mmﬁ‘msnmam%ﬁgﬂﬁaqﬁmmﬁwﬁiy
ogaBslumsdeansanuf dhidsudaunnduaussninsiilfludisuszriutudildluinemans
gty A decay (Msaaned) Mtluiidndeyana vunefansasuulameseynaligdnuie
nila Turniedidin transformation ynedsnsdsuuadludnuaeiininend malddiasstusuuiu
o1vhlviSouRnamuidlananamdeu nsitiu linguistic accuracy aztaeliniEeuasianuidlan

gniasazkiug annsiiruRe wazdwihliaunsavoulasmnuiniseululdielussiungaula

luvaieUsvine Adndouniningninlivinendngns nIeuruvsonalidiag (TIMSS study,

Mullis et al., 2012) usiaINN15d15ANUIN 73% vestniseuiuIidndeynialuienmniauaiuas

q

Asaglunanans (Polen, 2019) wunspeiouluilamdndauniainiulassasiaiadeananiu
nanansiandseauiliseu wWu namans (Mechanics) N19LARUMLUIATY (Linear motion) N15LATEUTN

LUURInaY (Circular motion) WaEN15LAA BUNFUNNS (Relativistic motion) #ABAIUNE NNITLS

(Acceleration principles) n1sysannisilgliinissuiiuanuduiusssninefldandawiuiuiuifn

'
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adelv WioEsyasemnulananaagavy
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o rinciples
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(Kranjc Horvat et al., 2022)

JUT 28 wwmemisysannsiandeyniafunisifeunsasuiandlusyiudseudnw
w1 Wiener, J. (2025, August 7). Opportunities and challenges of introducing high-school students to modern physics: lessons learned

from particle physics. International Teacher Weeks 2025, CERN. 19189910 https://indico.cemn.ch/e/ITW2025
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wumsmsidemasuinndsululilunsaeuindeyniaseiutuliseung
1) Aan3su Mystery Box
fiun S’Cool LAB. (2020). Mystery Boxes Activity. CERN. 018910
https://scoollab.web.cern.ch/mystery-boxes
Faguszasd lelrinzouilauunanvesuuudiaesaineimans (Scientific Model)

sraunmangad Sseufnyineunuiwmeulate (eguseunn 13-18 )

JUT 29 fee19fanTIu Mystery Box dwsumsisuiiunfnuuuinaemdingmans

fisn: S’Cool LAB. (2020). Mystery Boxes Activity. CERN. 101819310 https://scoollab.web.cern.ch/mystery-boxes

Faquazaunsalitld

1) 3D-Printable Setup Wwiugnu 3D lnefilassatranielusing q W 1@y sUamimasy o
anwian wdurugudnae 5 TadunsuaziUn

2) LEGO Setup Wug 1 LEGO Wit LEGO build plate Fagnelufiesnuuusig LEGO gnuea
V3gNUA7
WUINNITIANTITEUS

1) AgwwsEunaeUIAwT (Mystery Box) fmualassasanglufivanssiulussasnass

2) wistnisewdungu 3-4 au uwiaznquldsunasaliauinguay 1 naes ndnSeudunades
M3ipdeuTl 1A vienavesuvan (F3) wdauuudiassnglundesuedmios

3) Wisuiflsunuuinaes adunguiiteliussuiisunuudassiifnfiurengudu uazeiusied
ToRuNuvBILUUINaaiazsulaveyalaatuauuvse liatuayu

a) iinFoudouasuinwuudaeddafiauvnaunaian sAuseimdngwildlunsaduayy
visoufiasuuudians Wenlosiuisineemansildluidsu Wy msvaasseynnBndiifesendevdngu

TAYDDUNIDLUUINADY
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2) fans5u Cloud Chamber
fiun S’Cool LAB. (2020). Cloud Chamber. CERN. 11isann
https://scoollab.web.cern.ch/cloudchamber
IUIZEA
1) WiinGeuiiusessesveseynmailiannsoveaiuldlaenss 1wy Sreeuainisdneaiin
2) hlandnnisveansnsiaineynia 1wy iaveaaieansaineyna (detector) N3
AULUU (condensation)

3

3) Hnvinwelunisdang Insenguiuureesessey 313U (shape) AUMU (thickness)

Y

WAZENWEUBNEUN (path curvature) wagiasleariuviinvaaynia

STAUTANIZEN 1seuAnwInauUay

U7 30 f1e819ANT5U Cloud Chamber dmsunisdunasessesnisiafoufivesounia

fla: $’Cool LAB. (2020). Cloud Chamber. CERN. 19189310 https://scoollab.web.cermn.ch/cloudchamber

Jaquazaunsal

1) naedlussla (manafinvuin) aunuseana 20 x 30 x 15 94,

2) wiiulavgvisuegilifleamuansg

3) WEANBIBAWUY isopropanol AVHLTNTUE (>90%)

4) Yhufausks dry ice)

5) e wiusilsde uavgaile
WUINNITIANTITEUS

1) dasnanuieatueynia sdneatin ndnnisveniesnaineyma (detector) waznis
AULUU (condensation)

2) wisugunsal TnglitniFouRuneansseduay naiudewisasuunin mnifuiindeslusda
UIATOUNA

3) dunnfesses lasDatedlidn iWalrarefledunniossesfiiniu dronmvideonasesses

1) InesidessenfiAntu Inliini3ouesuisnnuuaniswesdnuasresiossosuarsyvin

YoIUMANYIIinTods08INg17 wanthaguandnuuzvassessesnuivandaveeunia
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dsuldliduiesgudideidndounia wisjsdwioninuiuazussiunalariufanssu Outreach

(%
o w v A

wag Educational Resources Miaghaginisauaunsainisladiy Ineiivareuwasdify Al

o

1. S’Cool LAB
1A54N15983 CERN flooniuuRansssiBsufjtid (hands-on activities) duuvianguasiniiou
TnefitmnedielriniFouldduiaUszaunsaiaiduresufiinsidndeyna Meesfanssu wu
DIY Particle Detector: fuuuuLA3osnsaineynneeg1adte TidniFoudeulusunsy
wawseasliih edlandnnsiaiunes Silicon Detector lnelusunsudsagulludonisaeu
3D Printable Quark Puzzle: udanialiuwnuensnuateviin Iitniseuasauuinaes
Wsnou fansou uazanseu et lawnAndumsssuriuingsussa

¥

PET Digital Learning Module : d0n15t38u518303vav oonuuuliisoulimseus

Y

(2

WaNN13984 Positron Emission Tomography (PET) Tiilansnalnnisnsiaineuniauaznisusyend

Handlugmalulagnianisunnd funslisuldsunsuuuuesnatenaileda Arduino

“Education
Laboratories

for Students and Teachers

. = ) o
~ 3 3 o q 43
Awraink 4
& the A |
W

Video and animations

5U7l 31 deuazfianssuain S'Cool LAB

fisn: S’Cool LAB. (n.d.). Classroom Activities. CERN. i#1@aa1n https://scoollab.web.cem.ch

2. Visit CERN Resources

'
Yaa v A

wiasSEUSAITaNIUTINAsLarAInTINNTARUAINESY Inveaniuuialiagiarinseuvilan

anunsaudindaesdnnudduiidndoymealdine dofidanionlifinnuvainuats aseunquiiiinlents
D5 UIBUUIAAT UFILTBIBYNALAZLAT DITIDLNIA AINTINLUY hands-on Tianursniiluuiuldly
Weuseu Ailen1sinniniseusdmiuag srwudunaluladadelviedis Virual Reality (VR) uag
Augmented Reality (AR) 178 81889U52aUN150I01591191U93 9891A3 99010 TALAZLAS DTS LHC

a ¢

a3n: Visit CERN Resources https://visit.cern/resources
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https://scoollab.web.cern.ch/
https://visit.cern/resources?utm_source=chatgpt.com

How to create

) Virtual and augmented reality ) Video and animations )Reading material

U7 32 feg1edeuazianssuann Visit CERN Resource

fia: CERN. (n.d.). Visit CERN Resources. \if1491n https://visit.cern/resources
3. ATLAS Resources
adsdonsi3uiuazAanssu Outreach vaslassns ATLAS Mijathilviag tni3eu uavans s
IfddsesdeuiduiiEndounaanmneasiads donisaounseunguianinisuasdulringfind
PawasUunAndudoulidiiedu siudeinssanisaiou (virtual exhibitions) Agi3suanunsnid sy
wdoansra¥a ATLAS wuueeulavldedteauais uonanidall densaeuiingaunsailulfluiesSeu
wielsidnisouldiSoustudoyaass (real data) ¥een15vuBLAIA WU AANTTN ATLAS Open Data 1

v A a

UniFguaunIniaseidayanisyulusnaulazlusnauiieAunITeIso8vedaYn1A 1w Higgs boson

a (2

a9n: ATLAS Resources https://atlas.cern/Resources

4. Physics Education Research (PER), CERN

I  Aav Y

Mie338A U Physics Education Research (PER) 984 CERN 3jaitiu@inwinisiseusiandigedn
Tnslanngildndeynia wagimuiuuimanisdansdoudimnzaulussiulsasounazamine de
shdenmsidensounquitsmaviarindile dluimdvesdouluidefidudou nsiwuiisnsaeuuay
Aanssuiidaadunsi3ousiesn 1wy Inquiry-based learning Model-based leaming wagnnslddeyaasa
970 LHC Tun1siSeunisaou iﬁmﬁgﬂmﬁ’ﬁﬂéjﬁumiﬁﬁuuﬁ%W%Wﬂg(teacher professional development)
Wun1sdneusndsujiinisuarlaseinisseninsUszima nseenuuuAanssfiuiunisysannsiand
ouMARUTIng3e iileaausstiunalauazanamsnglunsSeous

a s

89n: CERN Physics Education Research (PER) https://per.web.cern.ch

CERN 2B

?ﬁlkﬁ'§ Collaboration Site | Physics Results

'_\ ‘.‘1
= . Sl

Qg - Resources "\ A Physics Education Research

'

//'). ‘

3UT 33 unda3eud ATLAS Resources Ul 3¢ nATedunsiansieusiandeynn
fisn: ATLAS Collaboration. (n.d.). ATLAS Resources. CERN. fisn: CERN. (n.d.). Physics Education Research (PER).

1199370 https://atlas.cern/Resources D997 https://per.web.cern.ch/ 27
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1981 09.30 U. 13uAINTTUNTUUALATINT CERN International Teacher Weeks (ITW 2025)
Tne Charlotte Lindberg Warakaulle wa Jeff Wiener (CERN) dlgasunefafiunvasiasimsindntuite
\alondlvinginermansanilanidundnwuazdudanisiausuiidndeyninlasnss nase
sgpyiaiiiun faganilandriaundandt 1,400 au 91nunnda 70 Useina TngUifiagdau 40
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S e thatty 11T

mounduianssu Concept Map asedl 1 Tae Milena Vujanovic (University of Leeds) Aiasune
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dleuansnnuduiusseminunAaig q meldasdevhunuiiauAnduadausnyiilidoutuamen
Tumsdnsudounruiddasadne annsoiiinsilussgndldlunisaouietagliinioudils
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Yy A
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Aanssugainevasiu Ao n1susseefldndounialesdu (introduction to Particle Physics)
1ny A1@R$1971591AUNS U oadd Jonathan R. Ellis) 910 King’s College London mimﬁmaiéfgﬁugm
Fauslnssainsvesaas syniayagiu léun Adn waumeu waglugou nMsdangulunuusaomunnsg
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So engineering means...
* Make something real out of dreams:

+ Discussion, negotiation, consensus:
~ Communication! Teamwork!
* Need to be ready for lifelong learning:
‘accelerator physics, material science,

» Based, of course, on good science:
— Start from first principles.
~ But don't re-invent the wheel... unless you need ol
~ Good engineering design
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program — SCOpe and timeline

t highest luminosities
e-noption

FCC integrated
) as Higgs factory, electro
as natural continuation al

weak & top factory a :
t energy frontier, pp & AA collisions;
v 5 v
anf buiding on and reusing CERN's existing infrastructure
years of the end of HL-LHC

. stage 1:FCCee @ W, H,
+ stage 2: FCC-hh (<100 TeV)

. FCC intograed projectalows the start of a new, major facilty at CERN within a few
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Best Practice Activity Get Ready... It's Karaoke time! J‘ﬂ

PET Scan Model

o Brief introduction of PET scanning
« Workshop: building a PET scan
model

Positron meet electron at scanner
An annihilation happens now
Two photons fly together

Then detectors catch them

that's the sign! Now we see

e Application on an image
« Identification of the affected area

PET SCAN SCAN

PET SCAN SCAN

PET SCAN SCAN

At CERN At CERN

Energy to light, into imagery
Glucose FDG, finds where tumors be

e Other applications

**Using the musical stylings of APT by Rosé ft. Bruno Mars
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