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Overview

Introduction to CERN and HEP

— The Organization

— The Laboratory

— High Energy Physics
— The Accelerators

— The Experiments

— Spin-Offs
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CERN — The Laboratory

in total
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CERN Users

Distribution

of All CERN Users by Institute on 8 September 2004
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HighEnergyPhysics

Research to discover the principles that
keep the world together.

Search for
— elementary particles
— forces
— symmetries
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History of the Universe
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Standard Model
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Methods of HEP

Reach high energies with accelerators

— natural accelerators
e Astroparticle Physics

— artificial accelerators
e Particle Physics

Probing of interactions of matter and
antimatter with detectors
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Accelerators at CERN

e Decommissioned Accelerators
— SC
— ISR

* “Operational” Accelerators
— PS
E e AD complex
— SPS

e fix target
experiments
e Future Accelerators

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator _— C N G S
ISOLDE: Isptope Separator OnLine DEvice

(xran Sasan (1)
PSB: Proton Synchrotron Booster 73 lem
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— 3 ' ] Pasdaial ] adapiad by Astsrills Ti| Riasss, FTT 05
CMNGS: Cern Meutrmmos o Giran Sasso poyor itk . Evaiuges, 1, Déx, sni
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LHC=Erom:firstsideas to realisation

1982 : First studies for the LHC project

1983 : Z0 detected at SPS proton antiproton collider
1985 : Nobel Price for S. van der Meer and C. Rubbia
1989 : Start of LEP operation (Z-factory)

1994 . Approval of the LHC by the CERN Councill
1996 : Final decision to start the LHC construction
1996 : LEP operation at 100 GeV (W-factory)

2000 : End of LEP operation

2002 : LEP equipment removed

2003 : Start of the LHC installation

2005 : Start of hardware commissioning

2007 : Commissioning with beam planned
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LEP/LHC Tunnel
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Superconducting Coils

Spool Piece
Bus Bars

Quadrupole
Bus Bars

Protection
Diode

Beam Pipe

Auxiliary
Bus Bar Tube

Instrumentation
Feed Throughs

Heat Exchanger Pipe

Helium-II Vessel
Superconducting Bus-Bar
Iron Yoke
Non-Magnetic Collars

Vacuum Vessel
Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole




Coilsfor Dipolemagnets
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EURO

’ Beam +/- 3 sigma
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Storage of dipole cold masses
waiting for cryostatin




LEnhergy.stored in LHC magnets

E dipole =0.5eL dipole o | 2dipole
Energy stored in one dipole is 7.6 MJoule

For all 1232 dipoles in the LHC: 9.4 GJ
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Energyistored in the beams

25 ns

Beam energy: Proton Energy e Number of Bunches e Number of protons per bunch

Proton Energy: 7 TeV
In order to achieve very high luminosity:
Number of bunches per beam: 2808

Number of protons per bunch: 1.05 e 10!

Energy per beam: 346 MJoule



What does this mean?

10 GJoule......

corresponds to the energy of 1900 kg TNT
corresponds to the energy of 400 kg Chocolate

corresponds to the energy for heating and melting
12000 kg of copper

corresponds to the energy produced by of one nuclear power
plant during about 10 seconds

Could this damage equipment?
How fast can this energy be released?
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Beam dump must be
synchronised with
particle free gap

particlefree abort gap Kicker
of 3us \‘\\ magnets |
Strength of kicker srength A ‘ Beam dump
and septum

sblock

magnets must match
energy of the beam

>

Time

« '
Particle free gap » [llustration of kicker risetime

must be free of
particles
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FullL LHC beam deflected into copper

— target
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beam absorber
(graphite)

about 8 m

concrete
shielding

L.Bruno
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tatic stress-afterzbeam deposition

2D THERMO-MECHANICAL ANALYSIS AlISYS 5.4
OPTIMIZED DENSITY FEB 12 1999

11:33:38
Hydrostatic Stress [MPa] at ts8 i % PLOT 110. 1

AVG ELEMENT SOLUTION
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HYD {AVG)
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Simply Support

Edge O.Free

Flame Strain
LOADS

bucket: 6372

Tref ¢ 20.

Tinit : 20.
GEDOMETRY

Diek rad. : 350 mn

Diek thek.: n.a.

L.Bruno: Thermo-Mechanical Analysis with ANSYS




Energy in dipole magnets: 10 GJoule

... per sector reduced to 1.3 GJoule

Uncontrolled release of energy is
prevented:

Fire quench heaters

Current by-passes magnet via
power diode

Extract energy by switching a
resistor into the circuit -the
resistor with a mass of eight
tons is heated to 300 °C 13 kA switches from Protvino Russia

All components of the system have been validated, and
production started (part in collaboration with Russia and India)
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RICH
Detector .

. Vertex s d
Detector “f;

Detector characteristics

Width: 22m
Diameter: 15m
Weight: 14500t



ATLAS Experiment

ﬁ Detector characteristics
Muon Detectors Electromagnetic Calorimeters - Width:  44m
A \ . Diameter: 22m
- ri Weight: 7000t

Solenoid ' CERM AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

Barrel Toroid Inner Detector . . e
Hadronic Calorimeters Shielding
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CMS Experiment

vacuum chamber

T

— ~— central detector

electromagnetic
calorimeter

: hadronic
" calorimeter
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Detector characteristics

< 2
S J
Width:  22m X '

Diameter: 15m
Weight:  14'500t
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LHCb Experiment

LHC-B
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ALICE Experiment

Welcome to CERN Dr. Sascha Marc Schmeling « CERN




1954 -2004

Spin-Offs
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Your Questions ?

THAT CONCLUDES MY

TWO-HOUR PRESEMNTA-
TION. ANY QUESTIONS?

wianw dilberb.com  ecottadama®soloom

22003 Uniled Fealure Syndicales, Inc.

DID YOU INTEND THE
FRESENTATION TO BE
INCOMPREHENSIBLE,
OR DO YOU HAVE SOME
SORT OF RARE "POLJER -
POINT ™ DISABILITY?
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ARE THERE

ANY QUESTIONS

ABOUT THE
CONMTENT?

THERE WAS
CONTENT?
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