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Aéomnowa Xatindwtiadouv, INFN Bologna kat CERN



It ofuediven to ovoue EERNS

Conselil European
Europeen pour la Council for
Recherche Nuclear
Nucléaire Research

119583



T &lvel To CERN;

Organisation European
Européenne pourla  Organization for
Recherche Nuclear
Nucléaire Research

Evpwraikdg Opyaviopog NMupnvixig Epguvag 1 @ 5@



Mupnvikn épeuvos; 8

3
AN |

Eupwratko epyactiplo yia tTn Gucikn Twv cwpatidiwv

31.08.2022 4




23 KpATN-UEAN
Member States of CERN 10 associate members

Member States (date of accession)

= - Mopat TEC:
m - paTNPENTES

i |+ | USA, Japan,

= Sy EU, UNESCO

h States in accession to Membership

| ] | and Associate Members

]|

IGFclIIH N H

FIE A= &1 all=




2,600 Staff
800 Fellows
550 Students

15,000 Users
2,000 Externals

ETo10¢ TTpOouUTTOAOYIONOG:

~ 1.2 dioekatoppupia CHF (~ 1.2 dicekaTopuupla EUpw)




Distribution of All CERN Users by Nationality on 24 January 2018

Austria 117
Belgium 120

Bulgaria 96 |
Czech Republic 244

Denmark 67

Finland 111

France 868

Germany 1342

Greece 237

Hungary 76

Israel 65

Italy 2045

Netherlands 168

Norway 67

Poland 350

Portugal 127

Romania 134

Slovakia 124 ! i
Spain 447

Sweden 85 . .

Switzerland 228 OBSERVERS 27]].8

United Kingdom 771 Japan 314
Russia 1187

USA

ASSOCIATE MEMBERS

India 357 745

Iﬁ:ﬂti:ﬁa 2: OTHERS 1872 Bolivia 4 Egypt 31 Kazakhstan 5 Mongolia 2 Philippines 3 Thailand 22

Turkey 173 ) Bosnia & Herzegovina 2 EI Salvador 1 Kenya 3 Montenegro 11 Saint Kitts TEYROM. 2

Ukraine 115 Afghanistan 1 Brazil 135 Estonia 15 Korea Rep. 185 Morocco 20 and Nevis 1 Tunisia 5

> Albania 3 Burundi 1 Georgia 46 Kyrgyzstan 1 Myanmar 1 SaudiArabia 2 Uruguay 1

Algeria 14 Cameroon 1 Ghana 1 Latvia 2 Nepal 10 Senegal 1 Uzbekistan 4

ASSOCIATE 118 Argentina 27 Canada 161  Hong Kong 1 Lebanon 23 New Zealand 5  Singapore 4 Venezuela 10

MEMBERS IN Armenia 19 Chile 20  Iceland 3 Luxembourg 2 Nigeria 3 SouthAfrica 56  Viet Nam 13

THE PRE-STAGE Australia 31 China 510  Indonesia 11 Madagascar 4 North Korea 1 Sri Lanka 6 Zambia 1

TO MEMBERSHIP Azerbaijan 10 Colombia 45  TIran 51 Malaysia 15 Oman 3 Sudan I Zimbabwe 2
Cyprus 26 Bangladesh 11 Croatia 41 TIraq 1 Malta 9  Palestine (O.T.). 7  Swaziland 1
Serbia 57 Belarus 48 Cuba 12 Treland 16 Mauritius 1 Paraguay 2 Syria 1
Benin 1 Ecuador 6  Jordan 1 Mexico 82  Peru 7 Taiwan 51

Slovenia 31 g 743



Baowkn Epevva

» 210 CERN, XpNnOLLOTIOLWVTOC EMITAXUVTEC KOL AVLIXVEUTEC, LEAETALLE:

» Ta oTolXELWON CWHATLO ATto Ta omola eival ptiaypuévn 0An n VAN
OTO CU MOV

» Tic BepeAwdelc aAANAETLOpAOELC




ATOMO nepimouv 1019 m netre)

MYPHNAZ nepimov 104 m .

MPQTONIO nepimov 10> m .

oTolElwdn —

(6ev €xouv doun) ' KOYAPK

C

Il y a environ onze milliards de milliards d'atomes de fer dans un milligramme de fer !

31.08.2022 D.Bertola/@ERN



TTep1odik6 ouoThUA TWV OTOIXEIWOWY CWHATIOIWY

Quarks Leptons

Generation 3 @ Tau

Generation 2 @ Muon
Generation 1 Electron

doptio 2/3 doptio -1/3 doprtio -1 doptio 0

Ytnv ¢Uon : oToXELWON owHATLA TN TPWTNCG yeviac MONO

Autad tng 6eUTEPNG KO TPLTNG YeVLAC dtaoTiwvtal ota eAadputepa
Ta €xoupe HEL OE TIELPAOTO LE ETILTOXUVTEC

OAQ TOL CWHLATLOL £XOUV KOlL TOL AVTLOWMATLA TOUC, LE avTtiBeTto NAEKTPLKO dopTio



Ta cwpoatidia aAAnAembpolv
-aloBavovtal To €va to aA\o—
ne Stadopec SUVAUELC

ovToAAQooVTOC ELOLKA
ocwpatidla mov eivat ot

$opeig tng duvaung

Ta doptiopéEva cwpatidla
AAAHAETIAPOYN petagy
TOUG:

g€\kovtal N anwbouvtal
OVTOAAQCOOVTOC LETAED TOUC
dwtovLIa

To pwTtovio (y) eivat o
dopeag tng
NAEKTPOUOYVNTIKAC SUVAUNG

Ol buvapelc otn duon

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE

2 <

© Elektron

Elektron ©

Awaypappo Feynman



4 BepeAlwoeLlc aAANAETILOPACELC
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4 BepeAlwoeLlc aAANAETILOPACELC

Baputikad datvopeva
KwvAoelg ovpaviwy
CWHATWV

Loxuc: 1032
EuBEAeLla: amelpn
Dopéac: Baputovio;

Gravity

BapuTikn
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4 BepeAlwoeLlc aAANAETILOPACELC

Baputikad datvopeva
KwvAoelg ovpaviwy
CWHATWV

Loxuc: 1032
EuBEAeLla: amelpn
Dopéac: Baputovio;

Atopo
HAekTpLKA/payvnTIKA
dalvopeva
loxug: 1/137

Gravity | EuBEAeLa: amelpn
Qopéac: pwtovio

BapuTIKA | Electromagnetic NAEKTPOLAYVNTLKNA
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4 BepeAlwoeLlc aAANAETILOPACELC

Baputikad datvopeva
KwvAoelg ovpaviwy
CWHATWV

Loxuc: 1032
EuBEAeLla: amelpn
Dopéac: Baputovio;

BapuTikn

YTaBepoTNTA TWV TTU-
PNVWV, EYKAWBLOUOG
TWV KOUAPK

Lloxug: 1

EuBereta: 101> m
DopEac: yAouovio

Lgxupn

Atopo
HAekTpLKA/payvnTIKA
dalvopeva

loxug: 1/137

Gravity | EuBEAeLa: amelpn
Qopéac: pwtovio

Electromagnetic NAEKTPOMAYVNTLKA

Strong



4 BepeAlwoeLlc aAANAETILOPACELC

Baputikad datvopeva
KwvAoelg ovpaviwy
CWHATWV

Loxuc: 1032
EuBEAeLla: amelpn
Dopéac: Baputovio;

BapuTikn

YTaBepoTNTA TWV TTU-
PNVWV, EYKAWBLOUOG
TWV KOUAPK

Lloxug: 1

EuBereta: 101> m
DopEac: yAouovio

Lgxupn

Avtilappavopaote ta

OLTTOTEAECHLOTA TOUG Atopo

HAekTpLKA/payvnTIKA
dalvopeva

loxug: 1/137
EuBEAeLa: amelpn
Qopéac: pwtovio

Gravity

Electromagnetic NAEKTPOMAYVNTLKA

Padievepyoc Brita
dldomaon

n->p+e +v

loxug: 10~

EuBéreta: 108 m
Qopéac: W,Z-umnolovia

Strong

Agv T avtilappavopoote

€UKOAOL OTOV LOKPOKOOHO )
aoBevnc



To KaBepwpevo Mpotumo (The Standard Model)

Ta g Ot cb,opeiq TWV
OTOLXELWON g o Suvapewv
OWMUATLOL cC ﬁ‘\ glvat prolovia
elval QU N
depuLovia O — Y TOTLOTLKNA
A & Bose-Einstein
STOTLOTLKN <
Fermi-Dirac n? g\ Spin aképalo
01,2,.
. 3 | )
NYellp! o~
NULAKEPALO 2‘ e
(1/2, 3/2,...) ~ m
Q &
<
3 YEVIEC CWHATLOLWY OANG
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MNwc BAETMTOUVE TA AVTIKELMEVA

BAETIOULE TAL AVTIKELLEVA
okedalovtag opato dwe

ETIAVW TOUC

A =400-700 nm
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MNwc BAETMTOUVE TA AVTIKELMEVA

BAETMOU E TAL AVTIKELLEVA J
okedalovtac opato dwc
EMAVW TOUC 5

A\ = 400-700 nm 'I' ANAN

BAEMOUUE LLKPOTEPQ .
avTlKelpeva okedalovtag
cwpatidla emavw toug A\T\&.

A = h/p ANAAN




H duoki Twv owpatidlwv HeEAETAEL H aotpoduolkni HEAETAEL
TNV UAN OTLC TTLO ULKPEC SLOOTAOELC TNV UAN OTLC TTLO HEYAAEC SLOOTAOELC

m \‘ " m .. b
< 101 1012 102 10® 103 1%7) “10 3 106 102 1012 101 1018 1021 1024 " >
Microscopes Jumelles
. . Telescopes optiques & radio
Microscopes Binoculars pes opHd

Optical & radio telescopes

- u T
B Naked eye

et détecteurs
Accelerators
and detectors

THE TWO FRONTIERS OF PHYSICS

Ta SU0 pETWTIOL TNC PUOLKNC

OL ETLTOXUVTEC XpELATOVTOL YL TN MEAETN TWV OTOXELWOWV cwHATIS WV Kal TwV SUVAREWY



Emitayuvtec

H evépyela mou amoktd doptio q peca o€ NAEKTPLKO tedio pe Stadopad dSuvapikou U: E=qeU

“C— T C— I — T - — T “C— T —
URACELL URACELL URACELL URACELL URACELL DURACELL
o Uu"lik | D Ul"l‘k l D uu’kk l D U“'kk | l Tt




The CERN accelerator complex
Complexe des accélérateurs du CERN

Neutrino

LHC iy
ALICE Mmoo
TT42
- T AWAKE

ATLAS

HiRadMat
k66

MEDICIS
AD  ELENA
(202061 m | w ISOLDE
BOOSTER M~ B cooeeeeeeeeennnnns ,
o w REX/HIE- East Area
10 ISOLDE

2001/2015

I

n_TOF
[ 2001 :
' LINAC 4
H

- ) CLEAR
s LEIR -z
- [(‘)n\ 2005 (78 m) e
) H™ (hydrogen anions) D ions ) RIBs (Radioactive lon Beams) b n(neutrons) ) P (antiprotons) P e (electrons) P 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 //

31.08.2022 _ - . . - . .
n_TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials // Neutrino Platform
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O Meyahocg Emtayuvtng Adpoviwv LHC (Large Hadron Collider)

CERN

“==" ATLAS ALICE
fgkeintl ~=z Point 2

ES540 - V10/09/97

Bploketal péca o’ eva touvel og 100 pétpa Babo¢

O peyaAltepoCg
ETUTOXUVTAC TOU
KOOUOU O€ OLOOTAOELC
(6akTtUALOC e
nepipetpo 27 km)

Yto LHC cuykpouovtal
O€opEC MPWTOVIWV HE
TNV peyaAlTtepn
EVEPYELA OTOV KOOLLO
(13.6 TeV kat Ba
dtaocouv ta 14 TeV)

To LHC eivat to 1o
Juxpo LEPOC TOU
oUUTTOVTOC - Ol
UTTEPOY WYLLLOL

oYV TEC TOU
Aeltoupyouv o€ 1.9 K
(buén pe vypo NALo)



Heat Exchanger Pipe

Supercondixting Gl Beam Ppe , ~400 teTpamoAlkol payvnTteg eotldlouV TI¢ SEOUEC

" Helium-II Vessel

Spool Piece

Bus Bars Superconducting Bus-Bar

Iron Yoke
Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

g < y Thermal Shield
)

\ The
Auxiliary 1 S-m Iong
Bus Bar Tube (]
ot inseumertion LHC cryodipole 8 KOIAOTNTEG PASLOCUXVOTATWY yLo KAOE

d€oun, tomoBeTnUeEVEG ava 4 o€ Eva

1232 uayvntka SutoAa otpedouv Tic Seoue i ;
Ry ped S BES cryomodule, emitayuvouv Tic SEGUEC

OL 6€opec kKukAodopoUV PEca 0 OWANRVEC

He oAU uPnAo kevo, 1013 atm
31.08.2022




4 peydAa melpapota eival eykateotnueva otov SaktuAlo tou LHC

High-Momentum
Particle
identification
Detector

Photon
Spectrometer







CMS : Compact Muon Solenoid
AT T ) Y v PRI
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ALICE : A Large lon Collider Experiment
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2. celerated )

-

D'etector i 7

1) ZUYKEVTPWVOUUE EVEPYELQL 2) To MPWTOVLOL CUYKPOUOVTOL — N
TIAVW OTA TTPWTOVLA EVEPYELA TOUC aTmeAeVOepwWVETAL OTO
ETULTOXUVOVTAG T onueio TNg oclykpouaong

“BAETOVWLIE” QLUTA TAL VEQ CWLATLOL KOL LETPALLE TA XOPOAKTNPLOTLKA TOUC LE TOUC OLVLXVEUTEG
P




AviVeUTEC agpiou: apxn Asttoupyiac IONIZMOZ

DOoPTIONEVO CWUATLIO

OeTIKO NAEKTPOOIO B

HAeKTPLKO onua

ApVNTIKO NAEKTPODLO —

32
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AVLXVEUTEC IUpLTiOU

2D nmAnpodopia BEonc yla TNV aVoKATOUOKEUT] TWV
LXVWV KOlL TNV EVPECN TOU CNUELOU TIPOEAELONC
OPTIOUEVWY CWHATLO LWV

31.08.2022
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Méetpnon opunc $opTLopEVOU owpatidilou

ATIO TNV KOUTTUAWGON TNG TPOXLAC LECA OE pLayvNTIKO Ttedio
AUvaun Lorentz

HECN2:

R=p/qB  p=RqB /

H kopmUuAwon ivat avtlotpodwc avaloyn Tt OpUAS
H aktiva kapmulotntag eival avaioyn tThg opung

MéEtpnon evepyelag
Ta cwpaTLa oTOUATOUV

H evépyela Toug amnotiBetal ota
KaAopipeTpa

31.08.2022

34

N



L ATLAS

L EXPERIMENT

31.08.2022 25mx25mx46 m 7000 tovol 35






UTTOAOYLOTEG

XIALAOEC UTIOAOYLOTEG
0€ EKATOVTASEC
UTTOAOYLOTLKQ KEVTPQ
o€ OAO TOV KOO0
ouvbebepévol oto grid
notpadovtal tnv
UTTOAOYLOTLKN TOUG
Suvapun Kat ta
ouoTHUOTA
amoBrkevong
nAnpodopiacg yia tnv
avaAuon Twv
SeSnavan

20 km CD
TO XpOVO
aro Ta
TELpApAT
tou LHC

The GRID




To LHC YaxveL ammavinoEeLS OTO OVATTAVTNTO EPWTHHOTO

Mol €xouv pala ta owpatidla; Yrdpyel to Higgs;

YrapxeL pa povo duvaypn mou eVOToLel OAEG TLG SUVAELG;
Mati utdpyxouv 3 YeVvIES;, MATIWCE UTIAPXOUV TIEPLOCOTEPEC;

YIApXEL KATL TTEPAL ATIO TO KOOLEPWLEVO TIPOTUTIO — UTIEPCUMUETPLO;

Tt elvat n okotewvn UAN;

[Mou mAYE N AVTWAN;

YTAPXEL ACUUETPLO AVAESO OE UAN KO AVTLUAN ;




Mot ta owpatidla exouv pala;
Mot €xouv 1000 SLAPOPETIKEG LALEC;

To KaBiepwpevo Mpoturmo nmpoBAEmeL OTL
ol palec Twv cwpatidiwy eival pndevikec.

To nebio Higgs yepilel to ovumav Kat n
aAAnAemidpaon Twv cwpatdiwyv pe auto
Touc Sivel pala, peyain n Ukpn,
avaloya Pe TNV Loxv tn¢ aAAnAenidpaonc.
Me 1o nebio Higgs ouvdEetal 1o pumolovio
Higgs

up down strange charm bottom

Quarks

MBavn andvinon o Mnxaviopog Higgs™ mou

NMPoBAEmEL kaL TNV UTtapPEN Tou cwpatidiou

Higgs

*Englert-Brout-Higgs-Guralnik-Hagen-Kibble

mechanism O Peter Higgs emuokemntetal to neipapa ALICE
CERN Open Day - AntpiAtog 2008




Higgs update seminar — CERN - 4 July 2012 a historic day for CERN

Avakowednke n avakaAuvn evog katvouplou poloviou © 2012 CERN



Yniepouvppetpia — SUperSYmmetry (SUSY)

JupHeTpla avapeoa otnv VAN (otowxewwdn
ocwpaTtLa -> pepULOvIa) Kat TLC SUVALLELS
(popeig Twv duvapewv -> pnolovia)

Tuxpelaletol ;

Mo val eVOTIOLAOEL TIGC SUVAUELG

Mo vor AUoeL TpoBAR AT OTO KOOLEPWEVO
npotumno (amokAioelg otn padla tov Higgs)

Supersymmetric “shadow” particles

owpaTLa KoBlepwEVou TTPOTUTIOU | YIMEPOUUUETPLIKA CWATLAL , ; ,
KaBe cwpdTtio e spin s EXELTO

UTIEPOUUUETPLKO TOU LE spin s-1/2

Quark (s=1/2) -> squark (s=0)
:') Gluon (s=1) ->gluino (s=1/2)
-

f:'
&&J‘J

oy ] 0Q@02Gnen () rrasiichen ) Sepioren
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ATO Ta BOPUTLKA TNC OTOTEAECHATA - TAXVUTNTEQ

nepLotpodnc yalaélwv — EEpoUE OTL OTO CUUTTAV
UTTAPXEL LLEYAAN TTOCOTNTO OKOTELVAC UANC - UANG

TIOU OEV EKTIEUTIEL NAEKTPOMAYVNTLKI aKTlvoBoAia
Kol 0P aO8Y, TNV BAEMOULE

7 3% DARK ENERGY
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MEpa oo To KABLEPWHEVO TPOTUTIO

AvalnTtnon UTIEPCUMUETPLOG
Oev €xoupe SeL MELPAATLKY EVOELEN

AN e€wTIKA TTou Ba e€nyovoav TN OKOTELV) UAN
e.g. WIMPs : weakly interacting massive particles
Oev €xoupe SeL MELPAATLKN EVOELEN

To KaBlepwpevo TtPOTUTIO PailveTal wc eival n Bewpia mou meplypadel
TOV KOO0 MO

MeyaAUtepn dwtevotnta deopwyv amo 1o 2022 : avénuevn duvatotnta
avokaAUPewv



World Wide Web

ErttvonOnke amo tov Tim Berners-Lee,
Epeuvntn oto CERN, to 1989,

FLo VoL LKAVOTTOLOEL TLC AVAYKEC TWV PUCLIKWV
o€ lvotitoUTa o€ OAO TOV KOO0 VA
potpadovtol avtopata tic mAnpodopieg

To WWW o€ cuvbuaouo LE To
Internet €xeL aAAAEeL TOV

TPOTIO {WNG pag

44



Positron Emission Tomography (PET)

Photomultipher

Scantilator
Crystals

Detector Block

Coincidence
Processing Unit

o Kat toAAd aAAa spin-offs
*  ETUTOXUVTEC OTNV LATPLKN

MNoapaywyn padlolcotonwv
Sinogram/ AKTLVOBé)\f]O'I’] aocBevwv
Listmode Data g ; '

* Texvoloyia unAou kevou
*  TexvoAoylo UTIEPOYWYLLWV
HLOlyVNTWV

* Kpuoyevikd cuotiuata
* [pryopa nAEKTPOVIKA
* [priyopol UTTOAOYLOTEG

Annihilation Image Reconstruction



Oepareia pe adpovia

= photons 21 MeV

—TC 270 MeV/u

0 60 80 100 120 WO 180
depth in water [mm)]

Me mpwtovia ) Lovta avbpoaka
HUrtopoU e va puBpicoupe og TL
BaBoc amotiBetal n pEyLlotn
EVEPYELO KOLL VOL KOTALOTPEYOULE
LOVO TOV OYKO Kall OXL TOUC UYLELC
LOTOUC



First touch screen used at CERN for the SPS controls

ANOTHER OF CERN'S MANY INVENTIONS!

CERN has often been the incubator for the development of innovative technologies but
very few people know about the capacitive touch screens invented for the consoles of the
SPS Control Room in 1973. The Bulletin interviewed their inventor, Bent Stumpe, who also
developed the CERN tracker ball and the computer-programmable knob.

A specific goal, a lot of motivation and the
technical skills to do it: that’s all you need to
create something nobody else has ever done
before. Back in the 1970s, the SPS was being
built and its control room required the
installation of thousands of buttons, knobs,
switches and oscilloscopes to operate the
machine. Frank Beck, newly recruited from the
DD Division to be in charge of the central
control hub in the SPS control room, asked Bent
Stumpe for solutions to the following problem:

how to build the hardware for an ‘intelligent’
system which, in just three console units, would
replace all those conventional buttons,
switches, etc.

In just a few days, the Danish engineer, also
from the DD Division, came up with a (hand-
written) proposal to build a touch screen with a
fixed number of programmable buttons, a
tracker ball to be used as computer-controlled
pointing device and a programmable knob.
Following this proposal, Bent Stumpe was

Bent Stumpe, inventor of the CERN touch
screens, tracker ball and programmable
knob. Here we see him with one the first

.2022 touch screens developed in 1973.
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Eukatpiec oto CERN

HSSIP High Scool Students Internship Programmes (24 pabntéc Aukeiou yia 2 eBdopadec)
Summer students (dottnteC amo 3° £€10¢ Kal MAVW, yla 2-3 UAVEC, padnuata + project)
Short-term internships

Technical students, administrative students (6-12 pryveg, S5ouAeLd o€ project)

Doctoral Students (61baktoplkd og cuvepyaoia PE TIAVETILOTALLLO)

, Mo teEpLooOTEPQL...
Fellows (2-3 xpovia)

- . home.cern
Staff positions e  visit.cern

_ _ _ e  careers.cern
Teachers programmes (national / international)

Visits
Virtual visits



‘EAAnvec oto CERN

415 atopa otn Bdaon dedopevwv

Staff 62
Fellows o10)
Technical students 18
Administrative students 2
Doctoral students 12

Cooperation Associate 4
Project Associate 8
Scientific Associate 3
Summer Students 6

Trainees 12
MPEs (staff, fellows) 112
MPAs 286
Users 207

Visiting scientists 14



20.C ELUYXAPLOTW VLA TNV TIPOCOXH OO

despina.hatzifotiadou@cern.ch



