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“Hundreds of years ago, Indian artists created visual images
of dancing Shivas in a beautiful series of bronzes. In our
time, physicists have used the most advanced technology
to portray the patterns of the cosmic dance. The metaphor
of the cosmic dance thus unifies ancient mythology,

religious art and modern physics”
LWI9na129n77

“Modern physics has shown that the rhythm of creation and
destruction is not only manifest in the turn of the seasons
and in the birth and death of all living creatures, but is also

the very essence of inoreanic matter.”
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~-What ts Particle Physics?--
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A Phenomenological Profile
of the Higgs Boson

« First attempt at systematic survey
[ | A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOULOS **
CERN, Geneva

- =
| Received 7 November 1975 :E;
=
L A discussion is given of the production, decay and observability of the scalar Higgs =4
| boson H expected in gauge theories of the weak and electromagnetic interactions such as .
the Weinberg-Salam model. After reviewing previous experimental limits on the mass of -3
s T 5 = 5 [Sas
We should perhaps finish with an apology and a caution. We apologize to ex-

perimentalists for having no idea what is the mass of the Higgs boson, unlike the 5=
case with charm [3,4] and for not being sure of its couplings to other particles, except | [
8

that they are probably all very small. For these reasons we do not want to encourage
big experimental searches for the Higgs boson, but we do feel that people performing | &
experiments vulnerable to the Higgs boson should know how it may turn up.

o 7 . = & o Ol :

Evolution of the Universe | What will
happen in
the future?

Big Bang

What

happened
then? What is

li the universe

made of?
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Think of a Snowfield

Skier moves fast:
Like particle without mass
e.g., photon = particle of light

Snowshoer sinks into snow,
moves slower:
Like particle with mass

¥ e.g., electron
The LHC discovered Hiker sinks deep,
the snowflake:

moves very slowly:

The Higgs Boson Particle with large mass
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Magrelic Lires

of Force

Llectric
Liwes of
Force

117; Image of the principles of a cyclotron. Cropped from U.S. Patent 1,948,384

-- Ernest O. Lawrence -- Method and apparatus for the acceleration of ions (1934).
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35 Fedinnandessuseiimansnisensueadsu naanau
fimunnsauiatagiu Tnsanmnsasuraleiulesd

https://videos.cern.ch/record/1710382

wildlulaglarvivedifviey fe n1sdunival Giuseppe way
Maria Fidecaro @psaniinsseniniandfivnauiiddeusnads
Tnevisanafiduddsonsdununisuididnnsouvesoynalnosy
(Pion) \ilewsARvimiauynaudafudoniilo Anja gnAudues Jeff
fimns1luuenisnin Giuseppe way Maria fanevinauegauia
ynfuil

uenINHuITEiansanuotiegldiiissomslugaein
Feansrzadazamniulssmuomanarsfuiilsemnmn iy
fagireliduneaiioniluleniansusou 60 Tueadsu et 2014
ansnsodiluvhemnndintuitalddiuled

https://home.cern/news/news/cern/maria-and-giuseppe-

lives-intertwined-cerns-history

whiiugsline Tufudaun Marco ieungr B ues
WINTMU Giuseppe way Maria Tssawnsuagldtieisailifusiag
Fredmuidmanies Smdmuisgrounansiutuniladuiu
wiliiviuldvediegudoiiiosanainunsda fgdinsdunda
uisladennauiane Maria Sauuunagiinmedimdnduniu
NFamaluserinssefinagniundnsie
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Marco (fiouagyI8naguaIeguiy Maria uaz Giuseppe Fidecaro AUIWITINYEUTTY
UaznN9 ParticlePhysics
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Day 3

06 August 2019

--Particle (Physics, Physics) Education--



#1un7 S’Cool Lab

Typographic Illlustration ¥&4
lusmou dudu “szuveynin”
Usznouluaag u-quark 2 3
d-quark 1 §3 ta gluon
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¥
S 1 14

Tutuiusuiduddglutiadrendulufinngi Particle
Physics iihgesioulussiusisounu ussenelag Jeff tules
Jeff ngifunsaoululsaioulisonsufeiuiumnis auiunils
wldsulenaliuminuidsunasldumhilvsuiaveunu
outreach programme lUN1SIHEUNTBIAAIINTVBUTTULYF
VoassulusEAulsauAN Y LIRNLANAIUITEUINUIENIIAIY
Physics Education lagLangUseiunianiy Particle Physics
wonani lndadugos 5'Cool LAB Tasanmsinsuniasdnug
AU Particle Physics TugtiniSeunazasluseduiliseudng

Jeff wagle misconception lun1siseun1sasuildndlu
syfusison G9onaifiunainvaneaniug Wy M3eYLLLDIAIY
weduainUszaunisaiiiatuludiaussstulvesuie
UsIngMIninesTIneId madiesdanudiiuguildiismeuns
naneesUIBUTINgMTalien S odydnvaifivansads
1nag1AnNT3 misconception Wu Myanmveslusnoudunou
nsenaufidrdluifounsainanaiufeuwny u-quark uay d-quark
fduesdusenou 1Wudu wiauenwipalilddydnualfiidu
A28 (Typographic Illustration) Wnuslun1wees particles
Lmuﬁaﬂ%mmmmwmmauﬁmdnﬁmmﬁ@ misconception
Fsnn wenanil L131AnwY Particle Physics #28n13a8579 model
Lﬁaa%mwsmgmiaiﬁ?uq usidta model tufuidios “dunu”
Taile “fha3e” 7t particle tuq 1Hu imeneulidiesuiese
Usngnisalang q Tunane q Aieliisdeaisuazidnladed
particles “wand” aanu is1lifuazlifilasiindudoasls 1513
Wissusdunanssingnisaleslseanynviiiy

Tusgninsmsusssnemnssauandasulsyaunisafly
nsiFeunsaeuinulaeiuegsvainuats AnUszaunsnives
aslulanazfuan Srmddansmuegimilsin dniseuvosmwinian
fidnwarvea misconception fiwansa1aluainiynieunesisd
(Windoulng) luvngitnBoulvenszmindinslidannsaoyuiu
sngnsaifiinduseusalusedu macroscopic Tuagune
Us1ngn1sailuszéiu microscopic b watniSeunzIunnnduLin
misconception &t Tumanduiu vasithidewluns Sunnndi
drasduazhadinmesiaad daatsadududniulusedy
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fundamental M1999L9LI8ALAIULU L IDYANTIIUNITHEIINN
MM UNssuYawsInauluna ety

Unseulnegumilouazyeuiunisesuigulsed el
nulureulsiie q fidhasde widonflavfivauacdeuasddes
Tiuaremeluiunanan watniseussefineeulilanazdald
ﬂa’aaﬁummaaﬁa5uﬁ11ﬂajmmmamﬁi’maué’wmmaﬂ TUauis
nsasusstuiunielunues ednwduaidosuldnadng
Fetmddnidfennaudiidesureminduinga dninse
fniveneaniosnauiiase wasndudaiivniSeulvednazea

Tuvssiduil wituindouresimdilsaSoundinainen
yasaifaiazdeldinduindeussiuiingdly generation vasian
Jamrfinuves fe Wndousiuiunieviausadusulunuies
fni3eunguiinsniaunlunisufidnisiala q Whdusaesiad
UsEANTNIMLATAMNAINGS WAVINAIINAINTALUNTATI4N5AA
Faemues andszaunsalvasimdringsunguitnivlnn
Mnanmndeuiiviewsinunulilnadeassnluyn q 8300
vosdin 1in 9 dvihidulunsmsiivieusiymaenlilidsa
wihiulagldliloniadinldfn Iddunn Ifasde fuassnsile
soUi FadmdnAnindAenistadudnenmiiuiadeesuyud
wasidulanuignssuegeieussioawanvedlaniianuaiuse
wazdnenmitengidesil

ogslsAnalsaSouneemesaduiilunsndnduls
TnFeulddann Iiaa IWasde Tademaufiunndsseusogiaes
‘fiﬂL%ummsm'mﬂa;mf‘ﬁ’ulﬁaa%’wqﬁaﬂssuﬁmﬂmuaﬂﬁﬂﬁu’qL‘f;J‘u
s TumIsianimineinsieauuas uliannsoduiy
Avnssusalususeguls dniSeuaiuisoasionaniuulasuing
T\Q]Jﬂm‘iiﬂ‘i\iﬂﬁﬁL%EJ@JIEJQﬁUﬁm%uﬂﬁﬂuaﬂﬁﬂﬂﬂﬁﬁﬂﬂﬁLLGZi\‘iéfljuVl’N
J91n15 M3daianssuiiedsanilisdendy Community Design
Project fiatfuayulsinzouldanuimeineimans sinwenns
Juwinng uasuszneunislunisesnuuu solution Tunisudly
Jaumludsnuegredidu vonani thideuddldsuiuimuiu
fulondnauuinnssudsiseAugivoudladymvieduaiuly
nsduiuTinaznnauisuniuld wmuiidednZeudiaian
n1eAduAnLaylasuLsLasuang vy Ydanedunioniny

LANSNTINULATZIU UNSEUILNAAN NA1EIdY NA1aIleyNUINTuY
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as3slaldganenonaiuudiiniiiduldvlunisseuives
dni3eufinesatuayu Tauinu Auugiduuzunasoya
delsinGeulsimaniauuasGouiesnadufimuinenmussau
danariaifudamdnduliindeuldlddnenmsinuegig
Wl wazuanseenluzunns “as1ensia” egsaisassdldsae

AULDY

17/:;1/7.' Facebook page “MWIT OCamp” (https.//www.facebook.com/groups/1853993167972913/)



nmAanssunely
S’Cool Lab
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kT

Session fnlTadmiutmdniufanssudiayniigaves
n1sousuadsdl Ae n93usRanssy Hands-on w S'Cool LAB
Aanssuiithlng Alexandra wazfiuuves Jeff Fsusvneulddae
nAnuUnenwasinddefivihaumiediu Physics Education

Aanssuauaiigadszasdainanisiseusluaiunis
naagan1eidndeuniauazalunsanienenlidionssula
Usznause

Cloud Chamber:
ATLAS Magnet Model
Bubble Chamber
Quadrupole lon Trap
Quark Puzzle:

Particle Physics Games
Mystery Box

Scattering Experiment:

Y oo N o AW e

ﬂﬂiﬁ%ﬂﬂﬁqmm%mwﬁﬂﬂﬁﬁumLﬂ%aﬂlﬁ'ﬂaymﬂwgﬂLL‘U‘U
IR 9 (Linac) kazlhuukidnay (Synchrotron)
10. %A Interferometer agnsdny

11. Electron detector ag19d1elagly microcontroller
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nyadalivnauaiunsad lUAnwnannisasnauaznis
uadnlaaniduled https://scool.web.cemn.ch/ Taeiii

Aflauazlildnisasriaduaueie 30D printer Wlnanuazaiuise

o

P lURUW e UdA

1s-0n to

small bud: #

5

DIY Electron detector fignasndueeiresiioihlulinaasdluiouseuls
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Al ‘\

= / = o\ 2
Aanssuse 9 lu S’Cool Lab fiannsalulyluieuseuls visnasasisinterferometer, lon Trapping device,
Particle Puzzle Game Uazluuiiaasusiivianyed ATLAS 9e7991¢g3¢ 3D printer
SUYINITAIBANANNITYDNUATONUTIOYN IR
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ynAanssuiaulauinuazaiusadluyssenaldly
WoussunaonauNeunslinulsassudu q lnoanizlsauiou
Yualng Ml sewnels

v

@ a Ay 1% @ J o 1 1%
WuAanssuntwdniuaunsadrluvensnanalaiiud

jimd )
Lo
=Dy

1. N1391899N1T1AABY Scattering Y83 Rutherford
Aanssuiiinisudosgnindnnaniidudiunuues

alpha particle lﬁaaqlﬂﬁmﬁ’ul,wmi’waaqazmauﬁ'gﬂﬂmﬁﬁ:}a 3D
Printer Tuuwaging antudunanisnssisluyusng 9 vesgnudn
AanssuildliinZoussudinadalunisindedildausntnald
lngnsaudannsainlalngdauanngfinssunsiia interaction
fudsiisldlviiuszuu lassa¥rsezneu Wisuiailounadoas
(Black box %38 Mysterious box) fildanunsaialdlaensa wsis
annsainlaesoulsannsliauimeadfiiiodanisteyanin
N19n5¢139909 alpha particle iiloasranuudassnielusznen
e

2. ‘gﬂm%m%ﬁﬂmil,ﬂéaﬂLi'ﬂa‘qumﬂ Linac k&g Synchrotron

Aanssuaiifiosniadios gnilsas vie wruvuelng)

widegilifley @il uasuvasiuianudisdnduuuiionsu
pdnmstudonniisamignisesiedilnindufumues
oyneiisyy Wumvogiilendute  sivfuiduluvesienss
Mntulddngluiiiinaneieaionyudusatisauuld
ssrauauiievilignaesiaituden q luvaeildun
wlziwdegliflondude q ldanudisdndaniionyudnlulagln
Fraguiudonyuiditu arwsisdndunniu aulifisening
woveglifisusntufansdvignlisesiaiitudos 1

3. Cloud Chamber

nManeaeiT i weridioasadneusy Modem Physics
finAivland pasnsalumvineds gunsalausamlslionn
Snuuiu tufe naedla dudeuis udulons wazwoanased
(Isopropy! alcohol Aty 90% Tinadifian) 35nsAoasie
ussemAkeanesediiauiatunglundedla tngldthudauviade
amgamgiinielundes (diudurlos 1 uoanesedmnasngidasng)
iloeyn1ANga91ugeIneINIA (Cosmic particles) wuiuaynin
luduussermeaay decay %30 transform 10u Secondary particles
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du 9 1w Bianaseu Treau use alpha 1wy WesunAwaiil
Janlulunaeday ionize waanosoed WiuunasaNIARILNIN
1y v lmsnaunsauasiunaRuYasuls F9NAenann1sves

Particle Tracker

Tudasureaesfudidunisusseneidos Error and
Uncertainty in Particle Physics Ussenalag Dr. Andre David 134
MUB15UnlAYeY CMS NsUTIENeaynLasisentduaiigla
naonaa Andre nldnansuinulunmiidndwaniusdenis
maawmé’wu?\l?méaumﬂ'jwmsmaaaﬁ’uéaﬁuaahjLﬁuLLau%’U
Foaunulallfsysiu elementary particles 1 wesldesdniug
iumiﬁmmsﬂuumaummawamLwaﬂiaumLawwuauamﬂulﬂ
Tuwwaneiinguilevinunsienlfifeativayunisdegaieves
pynAty 9 wilaufuil LHC ldvhuazUszananadeyaiduinan
naneUiiledudunisiiega3eves Higgs boson (Budufieainy
\Feshudeeda)

iy Q8A session afwusnuadlusunsu Tnsannsn
audrnulafldnasaniseusy fuimoudianuluiuiie
Dr. Kristof Schmieden 210 ATLAS mémﬁ%mmmnﬁmmsamau
LANaUALNNTRaIFv0ININGTY UAANYDY Kristof vinlvd1nidn
indainSewvestmidmateay danudaauluiinu nunguiu
dafivou meladosnilunuiiin dearsmomnuaznangis
nsdlumsan uaznenguegisgedslunmsiheandlaiiiousysd
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Kristof inaanntunmsnenenugesdesnns Whdudeane |
wazarenenoonulinanisndlald fddyianunlabulasla
n¥1aunn 9 Fnenemdilamaureamins wihvanefianuves
wIns19zenlun1sateneaduLliiisesdeidndaiuinlunis
asmauinu naen session Juduludenuaynuazides
WalsE WINLSUAUNBH 097U Kristof 1Tu Man of the match
yosmnisthuTuiloguiase

Hoduiull Jeff wwnsluiauluidwazsuusenufiaod)

[ [ 1 = 1 a [ oA 1 d'
WinsgnIndu 9 ngu Fadunguagiiuiunguillsgnuuaie
119911971 Focus group wazdliiodufanssuazaienginssunss

WINUBILARTNRY

< a o & o

Focus group tUuA13NINNINLTIEQNLUILTUNGNERY

WDANWIUITLAUA 9 AADANITOUTLBENALIDYN WazYi8iufn
Y a ~ ° e o % = Y a
adsfanssufavannsaiyssiauiug Wldluresssulaase
Ingluiugavinewdas Focus group 98ABdm3el presentation
d' ) 1 d' @ d' 1

Lag 1-page report tiatdnausnenuszyusinlulssiaunngy
a5y @eagyiinisdy 1 Junounisuiaus TunuIenmImn 9
ATannINLTNSEuITelaauly winisazdewnsEanAIUAniy
ieasUteyaienld Faduivihlvdsininisiseuiunsenauauly
ANNNI5V8NUARTINAL) IngaziinsTuNnmUkaeana A
ancuyean1seaulaiveudsu fiy Usyhunazdes “focus”
Usznauluaie
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Particle Physics & Error and Uncertainty
Particle Accelerators

Particle Detectors

Data Analysis in Particle Physics
Computing in Particle Physics

Medical Applications of Particle Physics
Higgs Physics

Antimatter Research

0 0 N o R W e

Future Accelerators

o o
v Y v

Fmuailfeiitenisaglnsuuiimuanaeaniseusy

Focus group ¥8491WL414 6 audsznauluaaeg Alicia
ATIMEIMAN$91N Miami amigelu3ng Betty asilAnduanindily
goulusvenaninsadau, Moises AARTINTENNATUAITIANERS
Aufunaeuniedeseduisonyniaiy, Jean agHANd9IN
wonsmlé uag Bruno egweiiuarrevfiawesiniiaaa Tufdsdail
naumansvhaskuuluesasuway dafuiilitnsdadeui
nauBu widmistuiunduiiegvinsllanau nquduwiluieu
dosFouuay sglunuivesrilevniwesiunazeisiuiaosau

pgmeiy

§171%nngal Focus group Yea¥Imii
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Day 4
07 August 2019

—-Particle Accelerators--



g cryogemc test faC|l|t 0

Page | 34

Tu¥udisnsududlonisilausseioidos Particle
Accelerators lag Dr. Simone Gilardoni 910 Accelerators & Beams
Division wiiluszninefidrmdindnerdnusnisduiidndves
\3oalseeyninogiussinadinguineliduioidssves
S. Gilardoni g UNaW"U paper kazd1U conference 19 9 g
atslsfinu uvensenaSunlainfissesiiadnteniiiosain
Simone viLA3eaTseynARldlusiu Particle Physics 31And1
Tnatanizaudnwniaiuianily (neutrinos) Tuvasfisuves
Fmdntiuluiiedonsseynaitensidu Light Source

Simone Liuasfiombou wivaurdnfidiundsly
UNINYIFUABLATININAAIINIE T dRUNNS B U sBUAN Y
I¢aune 9 Simone gnevondunuINIFlundnNI5UA30MLT
sunmAeenunliegadougen LasMaNenSImaenn1sUTTENY
fvanegafgriuedoaussoymandmduiisaziiilanta 4 ndsan
IFilsnsussens egndlsfiniy freanufinaisifnuazindonss
sumadineasdeameinuidnduinang shlivaisadufiousu
ausumuldiuly session BvamdnenaldivIouandudndos
\flosandl background WA

¥

I Iaearndeuugiidmiuagiasdnsineususialy
Tuewanlministhunnneuluiesiiagyilidlaluilonlaga
N

l
Ilg
T \FI ﬂ|

#11Un199A73 Cryogenic test
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mw’]EJLS’]LmuvvaiJVl Cryogenic Test Facility ‘zjﬂm’ejsﬂu

Eiwsvmmmma mulfdummamLLavmaawummmwmmaa

\ASoaisaaynn LHC deutasluusenauluglusdlifu Judau

A9 q gnoempenuiiiesanans i513vldfiumaluladaedy

Frontier ﬁuaamssasimqwé 17?& superconducting RF cavity,

magnet coil inadiansimnssulunisaeieuvioiniasseynia
fussglulasiaumarituuenuas Bldsumaniiduludieadns

gamiiliov 0 1nadu (Fuduiigaludnsnaiiuyuwdiin)

BasEn TS wlevilisiregluanim superconductor afialunisuus coil

1A5ous99YNIA LHC Judndn o ielvidideumaniiegluaniuy superfluid a1wnsa
an: RF Cavity wnsn@udnluihanusoussninls Wudu
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Day 5
08 August 2019

—-Particle Detectors--
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VA9 T1YIIANFINAUATUS IBUN A LULET
Futisuiiauidniu Detectors gunsainldlun1snsiadu
BuNA U TAANTSYUiuvedlusneau

Wsnowduszuvoyniaiuszneuluaiaainsn (quarks)
wagngoau (gluon) gniselvidingsuaiazyuiu AauIninnig
YUNAIWUUY NATIFD

u-quark AU u-quark
u-quark AU d-quark
d-quark AU d-quark
d-quark U gluon
u-quark AU gluon wag

gluon AU gluon

Tnemsvuusazuuutiuldnandnfimiioufutnmneiudis
waznanantulllaTiua Primary particles u#gi912i Secondary
particles ¥3oULWA Tertiary particles FLAna1nnIs decay %39
transform Tifueynaviindu egralsfinia unumn interaction
fnguisesfufe Standard Model

Muon
Electron
~— (Charged Hadron (e.g.Pion)
: ]“]] — = — - Neutral Hadron (e.g. Neutron)
by S Photon

Key: -

ansverse slice
hrough CM5S

Electromagnetic
Calorimeter

Hadron
Calerimeter

Superconducting
Solenoid
Iron return yoke interspersed
with Muon chambers

m 2m 3m 4m 5m 6m
1 1 1 1 1 1

179 Cross section ¥a9A399 CMS
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Tuuiiiin1sussenslae Prof. Freya Blekman 910 CMS
nsUsTEIeLETesUsEnoulaesialuves Detectors Fasnu
geniiu 2 Uszvilvg) 9 Ao Calorimeter Fdldlunsinndsuves
ouMA uag Tracker LioldAnmuuuIniufuvesoyaianield
aunuusiman Failugmsialumuduveseyniald

Calorimeter 5u§ﬁLLUﬁaaﬂLﬂu Electromagnetic calorimeter
FeldlunsTandsuredidnnsou Indaseusazlnnoudiinan
A3 Way Hadron calorimeter &dldlun1s¥andauves hadron
M%aszuuauﬂmﬁlﬁmnﬂmiéuu

g m3U CMS w3e Compact Muon Solenoid Hu &1iuan
aflAnnsruiuvelUIReU detector wiausnAe Silicon tracking
detector Bsfidnwazmilouwadsunmlundosesuineaunuaz
ynUsMafisusfisuaumad funmeeeminmn (Winsduild o
wanUszana 100 duiinea) waraunsatuiinandienms g
AN (Wazana 40 druafaroiund) Taguszasdvas detector
¥iiadl Ao mamraiumaiureseyniadiio Tl

Tududalazdu Electromagnetic calorimeter #1vtini
Ju Scintilator Fsvineulagrzvantdasuas (nneu) sonuie
IF5undsuandidnasou Indnsounazivneu wasiivanldes
sonmiuaziimudundsiulnemsatundsnuvesoyniafiien
mnstnaulafe detector wilatinanann wan POWO, Fadulanyd
il widlenasienlaesdidnvar liaenuiaiisssun
U Hesnesengisasiinihimdneozniufsssuanniiaun
WAy

Iu%guﬁmlﬂﬁ]szJu Hadron calorimeter %aﬁﬂmﬂ%mm
Scintillator @8 ufiunoLna o9 mmﬁwauiﬁ]aﬂwqu'}ﬂag}mqﬁ
detector HfimiilunsnsaaTandssuwes hadron 3slneUniug
aunsaindulda1nnszuaunig nuclear decay wazdaymnfiae
wEnyuERnduemsiuedestunitimmageussnin Sniads
weingURmelsalnihiluedessvidauasUanUaesiuiunnnged
Tusthlan fusfupamsd@fivudeululuduusserneaandtanisty
onsiundesuazgiRmmyilimannmsuudeulusglaneiléluns
wAnneandes uavannsanseulviosnendu 9 innuiliiades
LAz inNsEUIUN1S nuclear decay TiinUNAlE Fau nowwndss
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Qy d' a é{ 5 1 5 d' [~ v o %
nFunnaavululanasasnsulanasiaesdunuanaziiunly
Nam Hadron detector Tailg

maisurgeaeie wnulimeavdesiidulasnnszau
Hilvgigridluasasalanadsd 1 Sefeenou Tnglésutiomnn
nnUsemasaide widulssmagasnsudd stock Uaennszauiu
Tngfeudadoasnsulanadedl 1 unune wdenetdiunasuiin
detector 1¢1

'3

4 0
P2
a

vUN

NIuTUA T UYsEnaUAY detector

v

s
NI

Tutugavingazilu Muon detector il uilunvete
Tudruflagiluniumanaduiu “Multi-wire detector” JsRnAulag
Georges Charpak

Detector afiationdandnnisfiiiefinoou (muon) Fadu
elementary particle 7ifiUszuuiudusiii azviliiAanszualva
relAnANIA g fuusulans ey soutrsdasanunsainainy
sedndillfegnsmnzanzaduusiasing viliideth detector i
Faufiudy amay agvinansadanauunmafuvesinosy du
wunfiinausedndludusing q veq detector I nasmuiivinley
Georges Charpak lasussialuiua anunildnd Tull 1992
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wannil §93 Cherenkov detector FegnAnnsly LHCh
\19n5393UUTINYN50] Cherenkov SuiilownaNaYNIANGIIY
g99nAe

91NN15UTTLIBI304 Particle Detector zifiuiniloifin
nsvuvedlUsnau aqmﬂﬁLﬁmﬁﬁu%ﬁﬁwmuumma Usgnauiu
nafiudeyadioainud 40 d1uadideiunit (40 MH2) a1n
detectors S1urunAelfiAndoyauTuiuuniaia Feiy
nszvIuNItRaIntfensinmsteyaisdauddalidesluniy
saaAsessieynIALay detectors lenelAnnsuuiuuaz

L9ayanINNSYULUUTFBINT

WINLTImIa9a3 19 Cloud chamber Wan9aeIN15ATINTUN NAUYSS cosmic particles

Tugrsureninsndulufl S’Cool LAB wiieaaasin Cloud
Chamber aa1u15a9ldag1997e 9 Tuieudou wasdanuin
A1UITOTULUINIAAUTBIDUNTIANTIUFIIINDINALABENS
IaLau
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Day 6
09 August 2019

--The Particle Heaven’s Underworld--
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wazuwdiuiiynauseroefiunie Suiludiseagliag
TiAuitelug CMS detector usneududradudunisusseslu
LdiiENﬁLfJLlQG]ﬂUIR]‘UEN%’]WL%’]WE]a 1fufie Medical Applications
Y94 accelerators

Tugradudunisussenedes Medical Applications of
Particle Physics 1ag Dr. Rita Ferreira 910 Knowledge Transfer
Group emuidsuduesdnsiviaisessiunuamd i
ANUABINITVALULAE TEAUEIAAYBIDNTUTTINNY IR 9Ean A
wnilneluladiignAnduluiietglinsvaaswdfidndeynia
fnafuazusiusunniuifaingnueisnasenglannisusniile
asuszleviogrndugusssuliunuiauyud sndied1au
dumedidn uazuiiae touch screen Mifaulfouiislanunuaz

nelidlatutagiu

Beam Instrumentation
& Systems

Coaling & Ventilation =

Cryogenics .

Digital Sciences

Y LILAL
TECHNOLOGIES
High & Ultra-High , e

Vacuur
Industrial Gac::toq: . AEROSPACE
Magnet Technalogy s—._ " W APPLICATIONS
Manufacturing \
& Mechanical Processas - \ AGGELERATURS SAFETY
Material Science =

- DETECTORS

Pﬁrg%ilgr:::nﬂwﬂ COMPUTING — @ INDUSTRY 4.0

Power Electronics,
Optoslectronics «
& Microslectronics CULTURAL HERITAGE
Radiation Protection
& Manitoring *

EMERGING
TECHNOLOGIES

Radio Frequency _ . /i
Technology * /||
Robotics « /)|

Sensors «
Superconductivity «

Testing Facilities »

@' ‘ Knowledge Transfer | Accelerating Innovation
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1. Medical Imaging fiveneuaarninalulad particle
detectors

2. Cancer Treatment #ivgnsraannmaluladssuuinio
1398N"A

3. Medical Data Management and Analysis fveena
Mnmudsmglunisianstoya

Medipix Protons vs X-rays
+ Fast fully digital device sensitive to X-rays 100 —

instead of visible light -
+ Good conversion efficiency of low energy o

X-rays 70—

F %7

+ Can create the first true colour images with E’ 50—

X-rays 40— f—

Carbomn ions

1
Depth in tissue [cm)

GaToroid

Platform for high-performance simulations of
biological dynamics

* Involves detailed physical interactions in
biological tissue

« Highly optimized and parallelized code

* To be on hybrid (multi-core, manycore) cloud
environments

@) ‘ Knowledge Transfer | Accelerating innovation



Page | 44

doferaatts wansudunsluiianidase avs dadaeg
TuiladlSaaa n1saslufiandidelaauininsnisdnewinany
Uaonfoogradunn lunngunafifunissssdodlifiuyudoy
Fruarnsudautien sy sudulentafvoananis fi LHC
o¢/luds Long Shutdown (LS) e deadsiiduiiundsd 2 (Ls2)
Fausadng LHC Fusn Tae LS1 duiintwiied 2014 Fadunds
Aouiitmidundeudsu luvazifdsdnuegivssmeadnguy
wort Tundadudmidldasludianiise ATLAS

@Suilunlunisifuiaies LHC isidudeyastwsioiiles
Usvanandeay 4 T mmﬁ?mzﬁwajﬁm Long Shutdown fie upsrade
Fnonmvaaaies Inelu LS2 afell uanatnasiinis upgrade
J¥UUa8de el upgrade 53UV detector UT9EIU LAZIZUU
data analysis k&2 633015 upgrade 3zwm§lauiaaummﬁmﬁu
“Luminosity” 3a8u parameter fiflauduiusinensafiusng
n1syuiuvedlusnew TMidu HL-LHC (ngh Lum|n05|ty LHC)
iolilananisnaaeaiieniu Higes boson flazidentu waziite
verefnenInvenaieslidine uszifung Particle Physics
Fadulandreluvesnudfe

nsaslanuazinisinnadiuiuauiasddulunrazass
Wasnmniianiganiduaziewiladnaiuisnengnynau
Juanlaegresiadiaaedns anilunisasldnuvesnildednlaii
& = a  ea o A a v
Junildludnnnvaeasdeiigalulandneiey

”I”H” '””””””“”””I””“”””i||||||‘|||||H!IIIHHH|ll|1|HIHIHIllmmmmmmm..m.‘

A1un1989 CMS



sy

gissengedlinIsauny
1umniieitln

Page | 45

winisgautady 4 ngu telsiduiuaumszauLing
WunadlaauegsUaensie Tneneuadlldfu Anja finvenguns
wmnLAuTlagsouiaies control Has server AlddmTuNTS
Farivteyalutuusniildain CMS detectors waguiamdan
lusdfilddmundougunsniaslulifu Femndiudsznauves
CMs fgnugeuasiidesiiiduriuy

Sloflsfveanduisn Anja thiswiuuszgiisdeidosldnis
mmuahumLﬁaizqéf’mmawwﬂlﬁ%’uaummmﬁﬁu wioldvann
wazasdniluliAu Tuilisnluasaenogin 84 wns aniafu
Mndudosiulsegstofideddmsaunuiumanadmisdsey
dnludsudnaaiosls manisndukuusnuiiulufe server
AlFlunsmuaumTiauesdILsiig q veaaes ieis sy
funsluFanuiu CMS detector nsegifovazifudorindludy
fuldiRuilogsanysal maduivinitugndandusumisivhlsie
fuug1udng detector woil Usgnavudvameiioglugag Ls2
a2 body 99 detector fUd1u Endcap Hugnidausenain
fu vhlsnannsadaunaiu detectors ludusing q liegnsdniau



Page | 46

Anja 83U18 detectors wiazaruIeuLiisuiuilisiay
Wuanaawed Fweuiisnldifudennuonds $mdimuda
Mmaiuvas CMS LJulinssetniiduiasunnninmafuues ATLAS
Frmdrsnlddndleduadluiie ATLAS (Fedvurnlugnin CMS
Uszana 2 1) maduiuluTndnssdudnswonadeaed vinly
wasliiuesdusznousuluresss detector luvasiinisiuves
CMS 1 thefnvfrunasldndausnaiianunsausadiussdlssnau
meluldegreazidn

43U body wag endcap Y89 CMS HugNLHBaURBNAINAY
selanseanvuindng uinadusgrauinfduaiuisataeuued
Uminuseunad 14,000 au @ lduszneuiunle precision Tu

SEAU micron b9

nFus AU UsEa N sarudlUluglusdves LHC la
FegnUnliognauuunun Weusenauiutewousdia 9 31uauuin
willowadlalidnuiuidnisdunsiefedilamdausey suds
dgj o o a vV 1 Yo dgj
WamainsnsgvimnilaUseailulaeldlasuayagn wenani
HarsUsendldduns nongdrianudunsneilawmasusegaglun
wisdl Wudnduandaruudaessdlunn 9 as1aeuiiuns
1Ju Heaven’s underworld 9819111754



Page | 47




Page | 48

Day 7

10 August 2019

--Fellowship of the “Fondue”--
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Day 8

12 August 2019

—-From the Hit to the Bit--
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The Worldwide LHC Computing Grid

The Worldwide LHC Computing Grid

Tier-2 sit
(WLCG) is a global collaboration of (sbout 140) &
more than 170 data centres around the ' : &
world, in 42 countries . Licof--ri 98 =

The CERN data centre (Tier-0)
distributes the LHC data worldwide to
the other WLCG sites (Tier-1 and Tier-2)

WLCG provides global computing

resources to store, distribute and
analyse the LHC data g
wWLCG

Camputing at CERN - Intermatianal Teachers Week, L2th August 2019 - xavier.espinal@cem.ch

HL-LHC: a computing challenge

o0 500,0
o

arso

250,0

1250

00 L

@lo

Run 2

o 160
=]
GI"J M GRID
= g s 50x today’s levels
e LHCb 10x over what
I ALICE i
400 PB/year tethq;lugy will
in2023 e provide
(estimated) o
LHCh
=S 40
Run 3 Run 4 L
{omputineg at CERN - International Teachers Week, L2ih Awgust 2019 - xavier espinalecern.th
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Day 9

13 August 2019

--Physics for Fun--
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Day 10

14 August 2019

~-Antimatter--
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Explain Science Explain Science

Style: brief and direct
Focus on concepts

Big Things

Inspiring and Motivating

Clear and systematic
structure
Concepts and methods

Academic approach
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Day 11

15 August 2019

—~Future Accelerators--
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To make the lecture a bit more interactive: e = (’j
i

We are currently at ?

Fermilab. SLAC.

DESY. CERN.

Do not be afraid of giving a wrong answer...

It just tells me to repeat / explain more carefully. M. Tumeretal. 2
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Day 12

16 August 2019

--The Focus Shows--
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