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Particle accelerators like generator of very fine light
they use the «light», of quantum mechanics

Accelerators Microscopes Binoculars Optical, radio télescopes

Particle physics looks at matter in its smallest dimensions and
accelerators are very fine microscopes or, better, atto-scopes!

L=h/p: @LHC: T=1TeV = A1=1018m

CERN AC-Z711 -V11/5/98888



Accelerators also a wonderful «time machines»

ATrip back toward the Big Bang: t @ /E2%,,
A @1 ps for single particle creation
A @1 ns for collective phenomena QGS (Quark-Gluon Soup)

Fig 1 Snapshot of two
colliding lead ions just
after impact (simulation)
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THE MAIN COMPONENTS
OF THE LHC ACCELERATOR

Focusing MAGNET
(quadrupole)
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Bending MAGNET

Vacuum CHAMBER
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CERN proton accelerator chain:
the force or tradition!

A LHC : 2x(0.45171 7)
TeV B

CERN Accelerators

(not to scale)

A SPS: 2617 450 GeV

A PS:1.4-26 GeV
A PSB:0.05-1.4 GeV

A Linac: 0-50 MeV

Start the protons out here
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PSB (Booster): 1.4 GeV

Magnetic structure of PSB Actually are four rings. Each beam
Length : 150 m IS injected in the PS
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The PS complex: injectorf or LHC and

Isolde physics

East Hall physics

LIL & EPA
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SPS: 450 GeV proton beam
(1 n t hewodk&d3a9 mEbar)

CSPS eomnlex with exnerimental

s
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Member States: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Israel, Italy, Netherlands, Norway, Poland,
Portugal, Romania, Slovak Republic, Spain, Sweden, Switzerland and

United Kingdom

Associate Member States: India, Pakistan, Turkey, Ukraine
Associate Members in the Pre-Stage to Membership: Cyprus, Serbia

Applications for Membership or Associate Membership:
Brazil, Croatia, Lithuania, Russia, Slovenia



Science Is

getting

more and
more global

Note:

CERN is
«largest US
laboratory»

MEMBER STATES

Austria 99
Belgium 159
Bulgaria

Czech Republic
Denmark

Finland

France

Germany

Greece

Hungary

Israel

Italy

Netherlands

Norway

Poland

Portugal

Romania

Slovakia

Spain

Sweden

Switzerland

United Kingdom 942

7654

OBSERVERS

Japan
Russia 1046
USA 2018

3358

ASSOCIATE MEMBERS

India 213
Pakistan 45

Turkey 128

Ukraine 30 416
ASSOCIATE
MEMBERS IN

THE PRE-STAGE

TO MEMBERSHIP

Cyprus 15
50

Serbia 35

Algeria
Argentina
Armenia
Australia
Azerbaijan
Bangladesh
Belarus
Brazil
Canada

136
180

Chile
China
Colombia
Costa Rica
Croatia
Cuba
Ecuador
Egypt
Estonia
Georgia
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Hong Kong
Iceland
Indonesia
Iran

Ireland
Korea
Latvia
Lebanon
Lithuania
Madagascar

Malaysia
Malta
Mexico
Mongolia
Morocco
New Zealand
Oman

Peru

Saudi Arabia
Singapore
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Distribution of All CERN Users by Location of Institute on 12 January 2017
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Slovenia
South Africa
Taiwan
Thailand
TFYROM
Venezuela
Viet Nam

1338




CERN & LHC




A Superconducting LHC

A Tunnel : 27 km
A Field:83T

A Cryoplant power at the plug: 40
MW: always on

A ~70 MW for LHC.,

A 150 MW for the accelerator
complex

A 180 for the whole CERN complex

Normalconducting LHC

ATunnel 120 km
AField:1.8T

A Dissipated power at
collision: ~ 2,200 MW

A Average power (0.4
coefficient): 900 MW only
for accelerator

Lucio Rossi - IESF - Pa



hitecture
> Nb-Ti filaments well
m of wires

¢ | i :"' I - ‘ .' . Og@ Q@ @
HI C PROJECT , - LoeT b o A /



Why looking for higher and higher magnetic field?
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‘A Circular Accelerators

Ereun = 0.3 B 1 [GeV][T][m]




Superconductors (usually pure Niobum) are used to
accelerate particles: electric fields in RF cavities (30-50 MV/m)
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; P Superinsulation I

/ More than 20 years to develop and build the LHC dipole magnets
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N Heat exchanger tube
Magnetic insert Tube échangeur de chaleur
Insert magnétique

Thermal shield
Ecran thérmique

O eG4 4444644 4445955455 4y

LY / )
y y T oo,

| 11 {

Superconducting coils
- Bobines supraconductrices

Main quadrupole bus bar
Jeu de barres de I'aimant quadripole principal

Beam pipe

P Iron yoke Tube de faisceau

. Culasse.en fer 7777

Non magnetic-¢ollars
--Colliers amagnetiques

Main dipole bus-bar
Jeu de barres de I'aimant dipéle principal

74y
/
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Auxiliary bus-bar Bunch of 10" protons

Jeu de barres auxiliaire Beam 1, anti-clockwise

Paquet de 10" protons
Faisceau 1, circulant dans le sens
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leap for

L 5 Ze o
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"G’ . . Finding the
’ v Higgs boson
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E IN PHYSICS

Prof. Englert Prof. Higgs

éefor the theoretical di sg
contributes to our understanding of the origin of mass
of subatomic particles,

and which recently was confirmed through the
discovery of the predicted fundamental particle, by
the ATLAS and CMS experiments at CERN's Large
Hadron Collider

D



So have we finished our quest? NO!

Cosmology tells us that we still miss the most!

Stars, Dust,
Planets 5 %

Dark Energy 68%




SUPERSYMMERTRY:
A Superworld ahead of us?

Sheding light'™®n Dark Matter?
More | 1 ght to see #




High Luminosity: a bright future for the LHC
Generate more light - machine upgrade
Better eyes to profit of higher luminosity - detector upgrade
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