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CERN - Eine EinfUhrung

[0 CERN - Organisation, Teilchenphysik, Forschung

[0 Beschleuniger und Experimente
B vom Wasserstoff zum schnellen Proton
B Experimente

[0 Der LHC - In Betrieb!
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Geschichte

1949

Erste Ansatze ziviler Forschung
im Bereich der Nukleartechnik

1952

Grindung des

Conseil Européen pour la
Recherche Nucléaire

unter der Obhut der UNESCO

Oktober 1952
Standortauswahl fur Genf

1. Juli 1953

Unterzeichnung der CERN
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29. September 1954
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The Twenty Member States of CERN

Member States (Dates of Accession)

b DENMARK (1953) 2 GREECE (1953)
o =

4= s
I NORWAY (1953) SPAIN (1/1961-12/1968-1/1983)

B BN FINLAND (1991) e HUNGARY (1992) ! POLAND (1991) + SWEDEN (1953)
. . FRANCE (1953)

. 1 ITALY (1953)

SN  CERMANY (1953) e NETHERLANDS (1953)

Q 1 PORTUGAL (1986) *- SWITZERLAND (1953)

' SLOVAK FR (1993) * UNITED KINGDOM (1953)
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ERN — Das Laboratorium
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CERN Organisation

O CERN Council
Rat der Mitgliedsstaaten

2 Sitze und Stimmen pro
Mitgliedsstaat

Beobachter
O z.B. UNESCO, EU
4 Sessionen im Jahr

O Scientific Policy Committee

16 Mitglieder
5 Sitzungen im Jahr

O Finance Committee

alle Mitgliedsstaaten vertreten

Stimmenverteilung je nach
Abstimmungsthema
verschieden

5 Sitzungen im Jahr

Council Secretariat

(B. van den Stichelen)

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

Director for Administration &

General Infrastructure
Sigurd Lettow

Resources Planning & Control

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

Director-General
Rolf-Dieter HEUER

P

Directorate’s
Office

I. Bejar-Alonso
E. Rondio
E.Tsesmelis

f s e

' Director for Research &

Scientific Computing
Sergio Bertolucci

Review of Research Collaboration

Information Technology
(IT)

F. Hemmer

Deputy: D. Foster

Physics (PH)
P.Bloch

Deputies: L. Mapelli,
L. Alvarez-Gaume

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

Host States Relations (F. Eder)
Internal Audit (L. Esteveny)
Knowledge & Technology Transfer
(C. Parrinello)

Safety Commission (R. Trant)

VIP Office (W. Korda)

Director for Accelerators &
Technology
Steve Myers

Projects Office

Beams

(BE)

P. Collier

Deputy: O. Bruning

Engineering
(EN)

R.Saban
Deputy: S. Baird

Technology
(TE)

F.Bordry
Deputy: L. Rossi
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Menschen bei CERN

Angestellte

O Staff
[ | 2378
O Fellows
[ | 371
Abgeordnete
Wissenschaftler
[ | 67
Projektpersonal
[ | 140

Studenten
[] 103
Doktoranden
[] 118
Sonstige
] 652
Firmen
n 3071

User
m 11044

O
O
O
O
O

Distribution of All CERN Users by Nation of Institute on 20 Janu

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

SWEDEN
SWITZERLAND

MEMBER STATES

77
120
54
178

80

UNITED KINGDOM = 732

6302

OBSERVER STATES

INDIA 91
ISRAEL 49
JAPAN 204
RUSSIA 901
TURKEY 60
USA 1618

2923

§ OTHERS
ARGENTINA 8

ARMENIA 16
‘8 AUSTRALIA 17
AZERBAIJAN 1
BELARUS 19
BRAZIL 7
CANADA 141
CHILE 2
CHINA 78
CHINA (TAIPEI) 53

COLOMBIA

oy

CROATIA
CUBA
CYPRUS
EGYPT
ESTONIA
GEORGIA
ICELAND
IRAN
IRELAND
KOREA

LITHUANIA

ary 2010

MALTA 2 THAILAND 1
MEXICO 33 TUNISIA 1
MONTENEGRO 1 UKRAINE 17
MOROCCO 6 UZBEKISTAN 1
NEW ZEALAND 8
PAKISTAN 15
PERU 1
ROMANIA 59
SERBIA 20
SLOVENIA 17
SOUTH AFRICA 8
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HochEnergiePhysik

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

[0 Suche nach

B elementaren Teilchen
m Kraften
B Symmetrien
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Physique des Particules Cosmologie
Astrophysique
Astronomie
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Mécanique
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Das Standardmodell

. ist ...

O

... eine experimentell gut
bestatigte Beschreibung
unserer Welt auf der
Ebene der
Elementarteilchen

... eine
Zusammenfassung Alles
Wissens um die Natur
der kleinsten Teilchen

... sehr prazise, sogar so
weit, daB zuklnftige
Entdeckungen recht
prazise vorhergesagt
werden kénnen

Leptonen

e-Neutfrino  p-Neutfrino
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EM  Weak
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!&%stery Of 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 to 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 action 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 our best hypothesis for
the origin of mass is indeed correct.
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LHC - Von der Idee zum Beschleuniger

OO0O0O0O0O000000000

1982 :
1983 :
1985
1989 :
1994 .
1996 :
1996 :
2000 :
: AbschluB3 des LEP Abbaus
2003 :
2005 :
2008 :
20009 :

2002

.....

“\"(‘l

Erste Projektstudien

Z%-Ereignis am SpPS

Nobelpreis flir S. van der Meer und C. Rubbia
Beginn des LEP-Betriebs (Z Factory)
Zustimmung zum LHC durch das Council
Endgultige Entscheidung zum Baubeginn

LEP Betrieb bei 100 GeV (W Factory)

Ende des LEP Betriebs

Beginn der LHC Installation
Beginn der LHC Tests

Erste Betriebsaufnahme LHC
Physik!




Beam Pipe

Superconducting Coils

Helium-Il Vessel

Spool Piece

Bus Bars Superconducting Bus-Bar

Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars - Radiation Screen

~—~ Thermal Shield

The
15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

: Instrumentation
PrOt%Ciggg Feed Throughs
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Strahlenergie

25 ns

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

Protonenenergie: 7 TeV
bei hdchster Intensitat:

Anzahl der Wolken pro Richtung: 2808

Anzahl der Protonen je Wolke: 1.05 ¢ 104
Strahlenergie (pro Richtung): 346 MJoule
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Gespeicherte Energie in den Magneten

E =050 L pjy @ |7

Dipol Dipol

gespeicherte Energie in einem Dipol: 7.6 MJ

Gesamt fur alle 1232 Dipole im LHC: 9.4 GJ

Nimitz Klasse Flugzeugtrager (90000 t)
bei-Reisegeschwindigkeit von 20 kn
. JEnergie = 2 mv2 ~ 10G]
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Beam Dump System

Dump block
TDE

P e Dilution Kickers
MKBH MKBY
Beam 1 (4x) (6x)

particle free abort
of 3 Ms

Kicker

strength A

Passive diluter

MSD
Extraction septum (3x5)

- MSDA MSEDC
Illustration of kicker r

(15%)

Extraction kicker
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Der Beam Dump

0.7m
3.5m 3.5m

. % r

1.7 g/cm?3 1.1g/cm? 1.7 g/cm?

Entrance - : = graphite TDE
window == T dump block

concrete

F 600 mm shielding

1.2 bar N




For 3 days all went perfectly

_ well with beam...

S
=
O
O
S
L
3
p)
@]

uuog - 9dq - J8biunas|yosag OH1 Jed 0T0Z'E0°LT


http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394
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The LHC repairs in detail

54 electrical interconnections

14 quadrupole magnets 39 dipole magnets fully repaired. 150 more Over 4 km of vacuum
replaced replaced needing only partial repairs beam tube cleaned

A new longitudinal Nearly 900 new helium pressure 6500 new detectors are being

restraining system is being fitted release ports are being installed added to the magnet protection

to 50 quadrupole magnets around the machine system, requiring 250 km of cables
to be laid

+ Kaltetechnik



slide by J6rg Wenninger

20t November 2009

Q 14 months to repair, consolidate and re-commissioning all elements.
O Great relief on November 20" when both beams circulated again !!!

Der LHC Beschleuniger - DPG - Bonn

28

17.03.2010



) ] slide by J6rg Wenninger
‘@;j 2009 beam operation milestones

20" Nov Day 0 Both beams circulating after 6 hours

23" Nov Day 3 First pilot collisions at 450 GeV

29" Nov Day 9 Beams ramped to 1.18 TeV

6" Dec Day 16 Stable collisions @ 450 GeV for the experiments
8" Dec Day 18 Both beams ramped to 1.18 TeV — first collisions

O Many LHC systems were commissioned at forced pace — aim to
check as much as possible.

a Overall uptime ~60% - very good at this stage.
Q Our most optimistic plan became true !!

Q A touch of modesty...
o The stored energy did not exceed 30 kJ — 0.01% of nominal.

Der LHC Beschleuniger - DPG - Bonn

29

17.03.2010



The road to our targets

2010/10/07 10.36
LHC 2010 RUN (3.5 TeV/beam) September:

2 Week s (!) of
Bunch Trains

10| -©- ATLAS

8
12 PRELIMINARY (£10% scale) §/

-E1- ALICE* Development of
5 § """ Bunch Trains

August: Stable
___— running with

about 1 ps

bunch spacing

delivered integrated luminosity (pb")

100 150 200 250

day of year 2010

* ALICE : low pile-up since 01.07.2010

M. Ferro-Luzzi

LHC Status Report 8/10/2010 Jan Uythoven 8



ALICE first event at 0.9 TeV ...
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Candidate
Collision Event

A EXPERIMENT

2009-11-23, 14:22 CET
Run 140541, Event 171897

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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LHCb Event Display

| [ |
23.11. 2009 17:59:29

Run 62558 Event 278




1.2 TeV Collisi

-
i
S e 8 l: With very clean beam
‘ 5 . conditions, the experiments
_ |8 could record first collisions
BN atl.2TeV.

i cms/|  CMS Experiment at the LHC, CERN
t,\\% AT LAS Jet Event at 236 TeV C( p Eﬁlt\? recordedi{gg%%ec-ld 04:05:38.307318 GMT

14 2009-12-14, 04:30 CET, Run 142308, Ever vent: 9463533
}:? EXPER'MENT http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events. Ii)tmectlon: %%924351
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Der LHC Beschleuniger - DPG - Bonn

First collision @ 2.36 TeV

<) CERN 2009, All rights reserved http-ifiguana cern chiispy
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Normale Operation

[PHYsics| [BEAMDUMP] 14000 - - 9
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Detector characteristics

Width: 22m
Diameter: 15m
14'500t

Weight:
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CMS Ereignis

Select: Olm 1rln 2r!n 3r!1 4r!1 Srln 6rln 7!n
' Muon
Electron
""" Neutral Hadron
— Charged Hadron _ e
----- Photon

Silicon
Tracker

Electromagnetic

X }:l] l‘ Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
Transverse slice with Muon chambers
through CMS it

T
T
5
T
2
T
D. Barney, CERN, 2004




Weitere Aktivitaten am CERN

... eine kleine Auswahl ...



CERN
Prévessin

Prévéssin-Moéns

LEP/LHC

GRAN SASSO

Helium bags Decay tube Hadron stop Muon detectors
Target Reflector ' ez
Hormn ’ . -
— === e . Pion / Kaon_
Proton I - —
beam

p + C — (Wechselwirkungen) — > (Zerfall) > Pt + v,
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Was ist Antimaterie?

L1 Einstein ; ¢
A\ H H H H ” { ‘
B "Materie ist kondensierte Energie! nay. 1l :
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0 Dirac e
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ANGELS&DEMONS

MAY 2009
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Anwendung von Antimaterie - Tumorbekdampfung

relative dose (%)
%) o 'é
o o O
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ACE Experiment bei CERN
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Fragen 7
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TWO-HOUR PRESENTA- |E| PRESENTATION TO BE |F| ARE THERE
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§| oR DO YoU HAVE some || ADOVT TH
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