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

A Organizacao

O Laboratorio

Fisica de Altas Energias

Os Aceleradores e as Experiéncias

The LHC, AD, and PS tours include visits to the control rooms where experts control the injection, focusing
and acceleration of particle beams. L

After your tour...

Don't forget to visit CERN's on-site exhibition, Microcosm, and admire the Laboratory’s
collection of historic research equipment on display in Square VAN HOVE.
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CERN

Isiting
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Historia

1949

Primeira tentativa de cooperacao civil em Fisica Nuclear
1952

Criacao do

Conseil Europeen pour la Recherche Nucleaire

sob os auspicios da UNESCO
Outubro 1952

Escolha de Genebra para a localizacao do laboratorio
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1949
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1. Julho 1953

Assinatura da

o _ ) La sixieme session du Conseil fut organisée a Paris du 29 juin au
1" juillet 1953. C’est a cette occasion que la Convention établissant I'Organisation fut signée, sous réserve de ratification, par douze Etats membres.
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The Sixth Session of the CERN Council took place in Paris on 29 June—1 July 1953. It was here that the Convention establishing the Organization
was signed, subject to ratification, by twelve States.
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Historia

1949
Primeira tentativa de cooperacao civil em Fisica Nuclear

1952 /
Criacao do Belgica, Dinamarca, Franca,

Conseil Eur¢ - Alemanha, Grécia, Italia, Holanda,

sob os ausp b ) |
Outubro 1952 Noruega, Suécia, Suica, Reino
Escolha de Unido, (ex-)Jugoslavia
1. Julho 1953 /

Assinatura da Convencao do CERN
29. Setembro 1954

Final do processo de ratificagao pelos 12 estados
membros iniciais
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Member States (Dates of Accession)

+_ jr | —
-— AUSTRIA (1959) , DENMARK (1953) E GREECE (1953) TIT NORWAY (1953) - SPAIN (1/1961-12/1968-1/1983)
» - ‘ |
. BELGIUM (1953) B BEEN FINLAND (1991) S UNGARY (1992) POLAND (1991) 4- SWEDEN (1953)
—

BULGARIA (1999) . FRANCE (1953) . ITALY (1953) @ PORTUGAL (1986) ’ SWITZERLAND (1953)

e - or— 4
CZECH FR (1993) NN CERMANY (1953) - NETHERLANDS (1953) SLOVAK FR (1993) 7!% UNITED KINGDOM (1953)
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Q¢

anizacao do CERN

Council Secretariat

(B. van den Stichelen)

EU Projects Office (S. Stavrev)
Legal Service (E.-M. Groniger-Voss)
Translation & Minutes (J. Pym)

Director-General
Rolf-Dieter HEUER

Directorate’s
Office

l. Bejar-Alonso
E. Rondio

E. Tsesmelis

L P ——

External Relations (F. Pauss)
Communication (J. Gillies)

ates Relations (F. Eder)
Internal Audit(t-Esteveny)
Knowledge & Technology er
(C. Parrinello)

Safety Commission (R. Trant)
VIP Office (W. Korda)

Director for Administration &
General Infrastructure
Sigurd Lettow

Sectors

Resources Planning & Control

Director for Research &
Scientific Computing
Sergio Bertolucci

Review of Research Collaboration

Director for Accelerators &
Technology
Steve Myers

Projects Office

Finance & Procurement
(FP)

T. Lagrange

Deputy: C. Saitta

General Infrastructure
Services (GS)

T. Pettersson

Deputy: M. Tiirakari

Human Resources
(HR)

A.-S. Catherin
Deputy: J.-M. Saint-Viteux

Introducao ao CERN Prof. Pedro Abreu e LIP, IST

(IT)

Information Technology

F. Hemmer
Deputy: D. Foster

Physics (PH)
P. Bloch

Deputies: A. Gonidec,
L. Alvarez-Gaume

Beams
(BE)

P. Collier

Deputy: O. Bruning

Engineering
(EN)

V. Vuillemin
Deputy: R. Saban

Technology
(TE)

F. Bordry
Deputy: L. Rossi




Distribuicao dos Utilizadores do CERN por pais do instituto
(em 2008)

MEMBER STATES

AUSTRIA
BELGIUM
BULGARIA
CZECH REPUBLIC
DENMARK
FINLAND
FRANCE
GERMANY
GREECE
HUNGARY
ITALY
NETHERLANDS
NORWAY
POLAND
PORTUGAL
SLOVAKIA
SPAIN

SWEDEN
SWITZERLAND

UNITED KINGDOM

3909

58
98
35
180
68
81
872
944
91
43
1543
163
70
175
109
46
270
74
344
645

OBSERVER STATES

INDIA 93
ISRAEL 64
JAPAN 182
RUSSIA 940
TURKEY 35
USA 1278

2592

OTHER STATES

ARGENTINA 8
ARMENIA 17
AUSTRALIA 13
AZERBAIJAN I
BELARUS 23
BRAZIL 68
CANADA 119
CHILE 4
CHINA 60
COLOMBIA 5

CROATIA

CUBA

CYPRUS
ESTONIA
GEORGIA
ICELAND

IRAN

IRELAND
KOREA
LITHUANIA 5

MEXICO
MONTENEGRO
MOROCCO
NEW ZEALAND
PAKISTAN
ROMANIA
SERBIA
SLOVENIA
SOUTH AFRICA
SRI LANKA

TAIWAN
THAILAND
UKRAINE




Fisica de Altas Energias

3 HighEnergyPhysics

Investigar para descobrir os principios
que mantém o mundo coeso.

Pesquisa de
— Particulas elementares
— Forcas / Interacgoes entre elas
— Simetrias

Introducao ao CERN Prof. Pedro Abreu e LIP, IST
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Cosmologie
Astrophysique
Astronomie

Géophysique
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Métodos de HEP

Alcancar energias elevadas com aceleradores

— Aceleradores naturais
e Fisica de Astroparticulas

— Aceleradores artificiais
e Fisica de Particulas

Analise das interaccoes da matéria e da
antimateria com detectores

Introducao ao CERN Prof. Pedro Abreu e LIP, IST
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CMS

LHC

North Area

SPS

ATLAS CNGS
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Tunel LHC
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Superconducting Coils

Spool Piece
Bus Bars

Quadrupole
Bus Bars

Protection
Diode

Heat Exchanger Pipe
Beam Pipe

Superconducting Bus-Bar
Iron Yoke

Non-Magnetic Collars

Vacuum Vessel

Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole

Feed Throughs Iman Dipolar ou Dipolo

Auxiliary
Bus Bar Tube

Instrumentation




0Ss Imans Dipolares




Energia armazenada nos feixes

W

25 ns

Energia no Feixe: Energia Protao {¥] N° Pacotes / feixe [¥] N° Protdes / pacote

Energia Prot&o: 7 TeV (aprox. 7000 m c? ~= 1.1 pJ)
Para atingir uma elevada luminosidade (=> maior prob. Interaccao):
N° pacotes por feixe: 2808

N° protdes por pacote: 1.1 x101

Introducao ao CERN Prof. Pedro Abreu e LIP, IST



- Energia armazenada no feixe
. |

1 TEVATRON

0.1 x 10000

B SppS
m SNS LEP2 m

0.01
0.1 1 10 100 1000 10000

. Momento [GeV/c
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| ") \’ Enéergiadarmazenada nos imans de LHC

E = 0.5 x [CA-l], x Correntey?

dipolo

Energia armazenada num dipolo € de 7.6 MJoule

Para os 1232 dipolos no LHC: 9.4 GJ

Introducao ao CERN Prof. Pedro Abreu e LIP, IST



_Qual o significado?

corresponde a energia de 1900 kg TNT
corresponde a energia de 400 kg Chocolate

corresponde a energia para aquecer e fundir 12000 kg de cobre

corresponde a energia produzida por uma central nuclear
durante aproximadamente 10 segundos

Podera esta energia estragar o equipamento?

Quao depressa se pode libertar esta energia?

Introducao ao CERN Prof. Pedro Abreu e LIP, IST
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Extraccao
sincronizada com
Intervalo sem

, particle free abort gap Kicker
partlculas of 3 s magnets
(« particle free gap ») Kicker constant angle
strength A \ Beam dump
g block
Intensidade dos \
Imans de extraccao
de acordo com a >
energia do feixe Time

Illustration of kicker risetime

« Particle free gap »
mesmo livre de
particulas

Introducao ao CERN Prof. Pedro Abreu e LIP, IST




N a um alvo de Cobre

< 2m >
Densidade 1e+07 F
Energética no -
eixo do alvo Te+06 ¢
[GeV/cm3] :
100000 }
10000 |
1000 |
100 |
o - . 00
0 50 100 150 200

Comprimento do alvo [cm]

N.Tahir (GSI) et al.
Prof. Pedro Abreu e LIP, IST
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571 ES a do Bloco de Extracgao dos Feixes

aprox. 8 m

escudo
em betao

gaugao ao CERN Prof. Pedro Abreu e LIP, IST




\ Y Protecgao do LHC: Energia Magnetica

e e

Energia nos imans dipolares: 10 GJ : e im || TR

... por sector reduzidos a 1.3 GJoule

Libertacao descontrolada da energia
é evitada com:

Ligam-se Bobines dissipadoras

Corrente passa num diodo de
poténcia em vez de no iman

Extraccao da energia ligando
uma resisténcia no circuito -
uma resisténcia com uma

massa de 8 tons € aquecida a Interruptores de 13 kA (da Russia)
300 °C

Introducao ao CERN Prof. Pedro Abreu e LIP, IST
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Detector characteristics
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Detector characteristics
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ATLAS Experiment

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

Muon Detectors Electromagnetic Calorimeters
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Barrel Toroid Inner Detector ' . X
| Hadronic Calorimeters Shielding
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CMS Experiment

i /[ vacuum chamber

Compact Muon Sclencid

/
central detector
electromagnetic
calorimeter

hadronic
" calorimeter

z
o ————

k
=
Fl - -

Detector characteristics

Width: 22m N
Diameter: 15m &
Weight:  14'500t o

Introducao ao CERN Prof. Pedro Abreu e LIP, IST



1954-2004

LHCb Experiment

Introducao ao CERN

LHC-B
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LHC

Event 10° events / second




E agora para algo completamente diferente:

Um acelerador visto pelo:

. the inventor
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. the mechanical engineer




laboratory director

. the
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.. . the governmental funding agency
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Onde encontrar
recursos.

= http://www.cern.ch
the student (> Public page)
-> Education

-> Teachers



