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— die Organisation “CERN”
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— Beschleunigeranlagen

— Experimente
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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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Member States (Dates of Accession)
=

-_— AUSTRIA (1959) I DENMARK (1953) — GREECE (1953) =) SPAIN (1/1961-12/1968-1/1983)
-

41 BELGIUM (1953) N BEEE FINLAND (1991) T o CARY (1992) -+ SWEDEN (1953)
(S

BULGARIA {1999) . FRAMCE (1953) . ITALY (1953) + SWITZERLAND (1953)

- Sl
CZECHFR(1993)  EEEEEN GERMANY (1953) T UNITED KINGDOM (1953)
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CERN User

MEMBER STATES

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

SWEDEN
SWITZERLAND

5480

UNITED KINGDOM

57
90
35
170
62
83
831
814
82
39
1502
150
58
168
97
39
259
67
313
564

Distribution of All CERN Use

OBSERVER STATES

INDIA 88
ISRAEL 57
JAPAN 143
RUSSIA 954
TURKEY 25

] 1067

2334

OTHER STATES

ARGENTINA
ARMENIA
AUSTRALIA
AZERBALIAN
BELARUS
BRAZIL
CANADA

CHILE

rs by

— T

CHINA
COLOMBIA
CROATIA
CUBA
CYPRUS
ESTONIA
GEORGIA
IRAN
IRELAND

KOREA
LITHUANIA
MEXICO
MONTENEGRO
MOROCCO
NEW ZEALAND
PAKISTAN
PERU
ROMANIA

Nation of Institute on 27 March 2007

)

SERBIA
SLOVENIA
SOUTH AFRICA
TAIWAN
THAILAND

UKRAINE 16
2

VIEITNAM
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HochEnergiePhysik

Auf der Suche nach dem,
“Was die Welt im Innersten zusammenhalt”

Suche nach
— elementaren Teilchen
— Kraften
— Symmetrien
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Physique des Particules Cosmologie
Astrophysique
Astronomie

Géophysique

Mécanique

-15
10 m = 0,000 000 000 000 001 m D.-Bertola/CERN
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Leptonen
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Standardmodell
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!&gﬁf/stery Oof mass

What causes particles to have mass? Why do the masses of fundamental particles differ so enormously -
the top quark is more than 200,000 times heavier than the electron?

A solution has been developed by several physicists and takes the name of Peter Higgs. According to
this, the whole of space is permeated by a field, similar in some ways tc the electromagnetic field. As
particles move through space they travel through this field. The interaction between the particles and the
field is similar to the acticn of a viscous force felt by a particle moving through a thick liquid. The
stronger the interaction of the particles with the Higgs field, the more mass they appear to have.

We know from quantum theory that fields have particles associated with them, so if the Higgs idea is
right, there must be a Higgs particle. Finding it is the key to verifying whether cur best hypothesis for

the origin of mass is indeed correct. 2000 F
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- Methoden.der Hochenergiephysik

Erreichen hoher Energien mit Beschleunigern:

— natdrliche Beschleuniger
e Astroteilchenphysik

— kunstliche Beschleuniger
e Teilchenphysik

Untersuchung der Wechselwirkungen von Materie und
Antimaterie mit Detektoren
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Beschleuniger bel CERN

SPS
ATLAS

~ LINAC 2
lons

i)
0
=]

b ion * D [entiproton] ——— / @ntiproton conversion ¢ nautrinos B

LHC Largs Hadron Collider 5SPS Supsr Proton Synchrotron PSS Proton Synchrotron

AD  Antproton Decelarator CMGES5 Cern Meutrinos to Gran Sasso

LEIR Low Energylon Ring LMAC LiNear ACcslerator
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LHC

: Vengaerlaee zum Beschleuniger

1982 : Erste Projektstudien

1983 : ZO-Ereignis am SpPS

1985 : Nobelpreis fur S. van der Meer und C. Rubbia
1989 : Beginn des LEP-Betriebs (Z Factory)
1994 : Zustimmung zum LHC durch das Councill
1996 : Endgultige Entscheidung zum Baubeginn
1996 : LEP Betrieb bei 100 GeV (W Factory)
2000 : Ende des LEP Betriebs

2002 : Abschlul? des LEP Abbaus

2003 : Beginn der LHC Installation

2005 : Beginn der LHC Tests

2008 : Betriebsaufnahme LHC
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TEVATRON

a Spp S X 10000

Strahlenergie [MJ]

0.01

0.1 1 10 100 1000 10000

R Assmann Teilchenimpuls [GeV/c]

CERN - Eine Einfuhrung Dr. Sascha Marc Schmeling =« CERN




1954-2004

LHC Tunnel
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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-Il Vessel
Superconducting Bus-Bar
Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Radiation 5creen

Thermal Shield

The
15-m long
LHC cryodipole




Spuléhanordaung in den ,,Dipolen”
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Eine von 1800 Verbindungen zwischen

Japraleltenden Maaneten im LHC
-. It 20 superconducting bus
i g bars 600 A for corrector
M agnets (minimise
dipole field harmonics)

§ 6 superconducting bs
b= bars 13 kA for B, QD, QF
¥ quadrupole

- O
.

WA

\ \'%
.| To be connected:

« Beam tubes

. | * Pipes for helium
e Cryostat

B - Thermal shields
g - Vacuum vessel

e Superconducting
cables

42 sc bus bars 6OOA for corrector
magnets (chromaticity, tune, etc....)
| + 12 sc bus bars for 6 kA (special

guadrupoles)




Strahlenergie

25 ns

Strahlenergie = Protonenenergie e Anzahl der Wolken e Anzahl der Protonen pro Wolke

Protonenenergie: 7 TeV
bei hochster Intensitat:
Anzahl der Wolken pro Richtung: 2808

Anzahl der Protonen je Wolke: 1.05 10

Strahlenergie (pro Richtung): 346 MJoule
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Magnetenergie

E pipot = 0.5 @ L pipoy® 12

Dipol Dipol

gespeicherte Energie in einem Dipol: 7.6 MJ

Gesamt fur alle 1232 Dipole im LHC: 9.4 GJ
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GrolRenordnungen

.

10 GJoule......

entsprechen der freiwerdenden Energie von 1900 kg TNT
entsprechen der “Energie” von 400 kg Schokolade
damit kann man 12000 kg Kupfer schmelzen

Kann eine solche Energie eine Einrichtung zerstdren?

Wie schnell kann man diese Energie ableiten?
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s \ Y f ~ Der Beam Dump

Synchronisierung mit
der Abbruchliicke

particlefree abort gap Kicker

of 3us magnets
Kicker constant angle
strength A Beam dump

‘bl ock

>
Time
[llustration of kicker risetime

Die Abbruchlicke
muld wirklich leer
sein
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Schneller
Kicker-Magnet

AB - Beam Transfer Group

CERN - Eine Einfuhrung

Septum
zur Ablenkung
des Strahls h/v

Kicker-Magnet Beam Dump
Block

ca. 700 m

ca. 500 m
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Gesamitstrahl.auf.einen Kupferblock

< 2m =

Energiedichte 1e+07 |
[GeV/cm3] : _
auf dem Block 1e+06 ‘;

100000 1
10000 ¢ verdampfen \A\\\ -
1000 £ gchmelzen =

10 I 1 1 1 1
0 50 100 150 200
Blocklange [cm]
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Strahl-Absorber
(Graphit)

Beton-
Abschirmung

L.Bruno
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Hydrostatischer

2D THERMO-MECHANICAL ANALYSIS AlISYS 5.4
OPTIMIZED DENSITY FEB 12 1939

11:33:38
Hydrovtatic Stress [MPa] ot L8 a X PLOT 110. 1

AVG ELEMENT SOLUTICIH
STEP=46

SUB =1
TIME=.858E-04
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DMX =.396E-04
=—,357E+08
=.580E+07
.357TE+08
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.265E+08
.219E+08
-173E+08
.127E+08
.804E+07
. 343E+07
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BE00000NN &8

#nal ysis TDECSAMZB
BOUNDaRY CONDITIONS
Simply Support

Edge D.Free

Flane Sirain
LOADS

bucket: 6372

Tref : 20.

Tinit : 20.
GEOMETRY

Disk rad. : 350 mnm

Di ek thek.: n.a.

L.Bruno: Thermo-Mechanical Analysis with ANSYS
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Ehergieableitung — Magnete

Energie in allen Dipolen: 10 GJoule

... pro Sektor: 1.3 GJoule

Unkontrollierte Energieableitung wird
verhindert durch

Strom-um-leitung durch
Bypass-Dioden

Energie wird durch einen
Schalter auf eine
Widerstandsbank geleitet, die
sich auf 300 °C aufheizt 13 kA Schalter aus Protvino, Russia
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Detector characteristics

Width: 22m
Diameter: 15m
Weight: 145001
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CMS Event

SE]ECL’ ﬂ!'ﬂ 1rlh zrln 31!1- 4r!1 Sm nEn!n 7
Muon
Electron

—————— Neutral Hadron
— Charged Hadron _
----- Photon

".‘ o \‘ ":-:'
Silican =/ ?‘-'--
Tracker & 9 ;" /
Elactromagnetic
: 'Il.] }l] Calarimeter
=l ! -
Hadron Superconducting

Calorimeter Solenoid

Iran return yoke interspersad
Transversa slice with Muon chambers
through CMS U U LIL|

CERN - Eine Einfuhrung Dr. Sascha Marc Schmeling « CERN




1954-2004

@) | ATLAS Experiment

~7/

- Diameter: 22m
- ﬁ Weight: 7000t

Solenoid ' CERN AC - ATLAS V1997
Forward Calorimeters

:"3 Detector characteristics
Muon Detectors Electromagnetic Calorimeters - Width: 44m

End Cap Toroid

i Inner Detector 2aldi
Barrel Toroid Hadronic Calorimeters Shielding
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CMS Experiment

i vacuum chamber

central detector

electromagnetic
calorimeter

Detector characteristics

Width: 22m
Diameter: 15m
Weight:  14'500t
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. LHCb Experiment

LHC-B

Detector

Muon
R »'Chamb;/

Hadron
Calorim
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“Vertex
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Eiectrﬁmagnetlc
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ALICE Experiment
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Spin-Offs
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Fragen ?

THAT COMCLUDES MY
TWO-HOUR PRESENTA-
TION. ANY QUESTIONS?

www.dilbert.com  scoitadarma®seloom

22003 Uniled Fealure Syndicals, Ind.

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

& 2003 Unibed Festure Symdioats, Ing

Bl

=

ARE THERE

ANY QUESTIONS

ABOUT THE
CONTENT?

THERE WAS
CONTENT?
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