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\ Sumario

YEA S /ANS CERN

Introdugao ao CERN
e a Fisica de Altas Energias (HEP)

— A Organizacao

— O Laboratério

— Fisica de Altas Energias

— Os Aceleradores e as Experiéncias

Isto e’ uma “escola” portanto..perguntem!
“Ndo ha perguntas estupidas”

Programa da Escola :
https://indico.cern.ch/event/1087844/timetable/

Pagina FACEBOOK (grupo) :

Escola de Professores no CERN em Lingua Portuguesa
https://www.facebook.com/groups/escolacern2013/

Introducao ao CERN


https://indico.cern.ch/event/1087844/timetable/

éo CERN

o ..e EUropean‘Organization for Nuclear Research

e Fundado em 1954 por 12 paises Europeus
e 23 estados membros

e Mais de 13000 utilizadores , dos quais 2300 sao funcionarios e cerca de
1400 subvencionados (2013)

e Orcamento anual de ~1200 Milhoes Francos Suicos (2018) (~1200 M.Euros)
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Distribuicéo dos Utilizadores do CERN por pais
(em 2020) >13000 utilizadores
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~15'000!

2'500 funciondrios

600 fellows &
aprendizes

BOO0 estudantes

2'000 companhias
«eXternas»




YEARS /ANS CERN

CERN EXPENSES

Total expenses 1232.7 MCHF

4.7% Energy and water 58.3 MCHF 0.9% Interest and financial costs 10.9 MCHF

39.9% Materials 491.7 MCHF, 54.5% Personnel 671.8 MCHF
consisting of goods, consumables

and supplies 247.8 MCHF, and
other materials expenses (services, repairs
and maintenance, etc.) 243.9 MCHF
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..agéncias de financiamento
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7~
Area do CERN
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{Aceleradores do CERN}

YEARS /ANS CERN

The CERN accelerator complex
Complexe des accélérateurs du CERN

LHC

ALICE o4 North Area | LHCb

SPS TT42
i AWAKE

ATLAS

HiRadMat
Qﬁﬁ

TT60

AD
ISOLDE
[ 1999 (182 m) |
p—
TTI0 RiBs ﬁ REX/HIE
' S — '
| East Area :
v PS = U e j
LINAC 4 CLEAR
1 G -
[ 2017 |
NAC S LEIR
ons 2005 (78 m) |
p H™ (hydrogen anions) p ions P RIBs (Radioactive lon Beams) P p (antiprotons) P e (electrons)

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 - Radioactive
EXperiment/High Intensity and Energy ISOLDE // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator // /"
HiRadMat - High-Radiation to Materials

Introducao ao CERN






25 ns bunch crossing
25 ns entre les paguets
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O Vazio mais « forte »




-271 Celsius ( 1.9K)
ey



Os
melhores
professores
do mundo!!




Gerador de Protoes

YEARS /ANS CERN

kA=
LINAC2
e PSB
Wl H' —>LHCS,

Fonte de érofﬁes RF quadripolo - 90 KeV LINACZ - 50 MeV

Introducao ao CERN
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S Acelerar Particulas

YEARS /ANS CERN

TT40
SPS
ATLAE:
1'I'E"l'.l

AL

PS Booster 1.4 GeV Proton Synchrotron 25 GeV Super PS 450 GeV

Entre criar os grupos de protoes e leva-los a circular no SPS demora entre
5.86 seconds e 17.86 seconds

No SPS a energia dos protoes sobe ate 450GeV e demoram 4.3s a serem injectados no LHC

Introducao ao CERN
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1232 dlpolos

392 quadrlpolos
\

\ /

Introducao ao CERN



Heat Exchanger Pipe
Beam Pipe
Superconducting Coils

Vi
d '
: // Helium-Il Vessel

Spool Piece

Bus Bars Superconducting Bus-Bar

Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars - Radiation Screen

Thermal Shield

r The
15-m Iong
e LHC cryodipole

Protection Instrumentation

Diode Feed Throughs iman Dipolar ou Dipolo




Acelerar as particulas

A voltage generator induces an electric field Protons always

inside the RF cavity. Its voltage oscillates feel a force in the
with a radio frecuency of 400 MHz. forward direction.
o — G - —

e o —

ROV

Protons in LHC

o}

Protons never feel a force
in the backward direction.

Cada Protdo que passa nas cavidades de radiofrequéncia fica sujeito a:
2x8 MV =16 MV
Recebe, portanto 16 MeV de energia extra

E como cada protao da 11245 voltas ao LHC pro segundo recebe :
(16 MeV/lap) x (11245 laps/s)= 1.8-10° MeV/s or 0.18 TeV/s

7 Marco 2014
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Cavidade

7 Marco 2014



2 [ Detector characteristics
- Width:  44m
= Diameter: 22m

{ : 7000t

Weight

Forward Calorimeters
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27 km perimetro
100 m profundidade

YEARS /ANS CERN

\ ‘ # :
LHC Point 5 - UXC 55 Cavern - Point 6 headwall - 20-06-2003 - CE




ATLAS Experiment

Ao
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ALICE Experiment

YEARS /ANS CERN
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AI@ Magnetic Spectrometer, AMS-02
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AMS Centro de Operacgoes
@CERN Prevessin




The GRID: a possible solution to
ERNpecomputing needs

N \
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LHC (plano de utilizagdo )

LS1

Long
technical
shutdown 1

13-14 TeVv

150 fb-1

Long technical
shutdown 2

300 fb-!

Long
technical
chiit e
a5 anae famas | ]] e
14 TeV
energy
luminosity
3000 fb-!
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B
\ é-/ ~~home.made” (CMS, PET, MT)

— YEARS /ANS CERN

S e

www.petsyselectronics.pt
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S~ “futuro/upgrades” (CMS)

YEARS /ANS CERN
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£

332K canais
5200 unidades
11400 Asic

www.petsyselectronics.pt




R
é-/ o future/upgrades” (CMS)

YEARS /ANS CERN

BTL Module
2x16 LYSO Crystals
2*32 Channels

Deteetor module
(two arrays '

72 trays, 2(z)*36(p)
332K channels

332K canais
5200 unidades
11400 Asic

www.petsyselectronics.pt




Esta semana:

YEARS /ANS CERN

N
Weather Geneva - 8- 20 °C
10:15 | 4 km/h

Canton of Geneva, Switzerland, 46.2°N 6.15°E, 400m asl

Sun Mon Tue Wed Thu Fri Sat
Today Tomorrow 9-6 9-7 9-8 9-9 9-10
e e ;00 ;00 OO LX)
26°C | 28°C 26°C 24°C 22°C 20 °C 20 °C
14°C 16:°€C 17:°C 16 °C 16 °C 13 € 12 °C
¥ 8 km/h ¥ 11 km/h # 10 km/h & 9 km/h X 14 km/h & 18 km/h & 9 km/h
é- - é 10-20 mm # 10-20 mm #é 10-20 mm é 0-10 mm -
11h 9h 6h Th 5h 5h Oh
© © © © © © G



Important Numbers

EMERGENCY: Fire brigade
+41 22 76 74444 (internal: 74444)

: : CERN medical service
+41 22 76 73802 (internal: 73802)

Ze Carlos : +41754112406

(internal : 162406)
Pedro : +41754119170

(internal : 169170




Introducao ao CERN Jose Carlos Silvae LIP / CERN



Ao

YEARS /ANS CERN

WiFi

Portuguese Teachers Program

Cantact Person

Pedro.Abreu@cern.ch

| confiem that | knaw the contact person. This person will be contected by emad to

contierm yoer request.

Introducao ao CERN Jose Carlos Silvae LIP / CERN
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Obrigado e
Uma Boa

R Colaboracao

Internacional
Pesquisa

Fisica
Fundamental }



