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Physics Department
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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The Twenty Member States of CERN

Member States (Dates of Accession)

EM(”&) gmm
= ==

A= o
I NORWAY (1953) SPAIN (1/1961-12/1968-1/1983)

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

. 1 ITALY (1953)

SN CERMANY (1953) b NETHERLANDS (1953)

‘ | PORTUGAL (1986) *- SWITZERLAND (1953)

' SLOVAK FR (1993) * UNITED KINGDOM (1953)
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@ Physics Department
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

|

Human Resources
(HR)

A.-S. Catherin

Deputy: J.-M. Saint-Viteux

Director-General
Rolf-Dieter HEUER

2
|

|
L

Directorate’s
Office

. Bejar-Alonso
E. Rondio
E.Tsesmelis

peresenn s

Director for Research &
Scientific Computing
Sergio Bertolucci

Review of Research Collaboration

Information Technology
(IT)

F. Hemmer

Deputy: D. Foster

Physics (PH)
P.Bloch
Denuties: L. Mapelli,

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 3e| CERN - Januar 2012

[ ] ] L] ] ]
Angestellte Distribution of All CERN Users by Nation of Institute on 9 January 2012
O Staff | ‘ | |
[ ] 2420 , > 3
O Fellows
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61 e
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O Projektpersonal Crech Republic 206
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France 884
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2 Israel 62 Chile 4 Iceland 3 New Zealand 11 Tunisia 1
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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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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-Neufrino  u-Neutrino  t-Neutrino
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EM  Weak Strong
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Quarks

EM  Weak S’rro.ng EM  Weak Strong
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EM  Weak S’rro.ng
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EM Weak Strong

Bosonen
Photon Z°

Weak

EM  Weak EM  Weak

Gluonen




3 . X H>vy, H> 17
Putting all channels together - combined constraints H> WWO Ivlv
H> ZZ® > 41, H> ZZ > liw
H> ZZ - llgq, H> WW-lvqq
W/ZH-> Ibb+X not included

" LEP ATLAS+CMS
s 10 o T T L T T 7 & Praliminary I Combination
0 ~ ATLAS Preliminary 2011 Data 1 0 Preliminary
° L — Observed A . © erved
& I ---- Expected f Ldt=1.0-4.9 i § 10 ected f Ldt =
= B J+1o B 1 =
E i 126 \@-TTeV ‘ | E \s =
— —
(-3 cg ATLAS
S 1F + today
o - - o
- i 1 rreeeans T - N
1 lCLs. Limlits { | | | Ii11itsI | ‘ | |
10" 100 200 300 400 500 600 110 115 120 125 130 135 140 145 150
M, [GeV] M, [GeV]

Excluded at 95% CL 112.7 < m < 115.5 GeV
131 <my, < 453 GeV, except 237-251 GeV

Expected if no signal [ 124.6-520 GeV

Excluded at 99% CL 133 <my < 230 GeV, 260 < m, < 437 GeV



2 Limits on olo,,, (CLs method)il

i CMS Prellmmary, Ns=7TeV | —— Obsewed
Combined, L =4.6-4.7 fb’ B Expected+ o
1O o] Expected £ 20 =5

-y

95% CL limit on G/GSM

-10—1 | | | | | |||Eilllllllllillllllllli||||§i||||
100 200 300 400 500 600

Higgs boson mass (GeV/c?)

G. Tonelli, CEANANFN/UNIP! HIGGS _CEAN SEMINAA December 15 2011 37
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LHC - Von der Idee zum Beschleuniger

OO0O00O000000000

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

2002

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!




Heat Exchanger Pipe

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

’*”’)

//

Auxiliary
Bus Bar Tube

~— Thermal Shield

The
15-m long
LHC cryodipole

< Instrumentation
P"Ot‘[’-)ciggz Feed Throughs
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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 ¢ 101
Strahlenergie (ro Richtung): 346 MJoule
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Gespeicherte Energie in den Magneten

E =05eL e 1°

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]




For 3 days all went perfectly

— well with beam...
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http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394
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Detector characteristics

Width:

22m

Diameter: 15m

Weight:

14'500t



CMS Ereignis

Select: or A o m sm om
Muon
Electron
====== Neutral Hadron
Charged Hadron
————— Photon (-
®
4T ))
Silican
Tracker
Electromagnetic
A e
Hadron Superconducting
Calorimeter Solenoid

Transverse slice
through CMS

Iron return yoke interspersad
with Muon chambers

iy, CERMN

1, Rt



Invariant mass distributions

’E - I - - ete 3 A tribute to Levell and
g 10 Y623e L= 35 pb? = HLT trigger capability and
P z 1 flexibility _
s - ete” widths:
W 102;— é J/¥Y 52 MeV
- . Y 149 MeV
10 = —;
~ CMS Preliminary 2010 :
1 = V87 TeV, L_=35 pb’ m’m .
f il
> E
1 10 e'e’ ma\1s%2 (GeV/c?) %1055 -
utu widths: :’jmsz 40 pb?
J/¥Y 30 MeV -
Y 67 MeV S
103:5
.
E  CMS Preliminary
10_5
15 \s=7TeV, L =40pb’
November 17, 2010 LHCC open meeting T I1 II”H ”10 p";:-?:lasg%GeWcz)




A beautiful ZZ event P

Invariant Masses

1o + 112 92.15 GeV (total(Z) pr 26.5 GeV, ¢ -3.03)
1o + 131 92.24 GeV (total(Z) py 29.4 GeV, & +.06),
Lo + 190 70.12 GeV (total pr 27 GeV),

g + pp: 83.1 GeV (total pr 26.1 GeV).

November 17, 2010 Hecopenm - Invariant Mass of 4u: 201 GeV



p,(n) = 18 GeV [2 6V

pYs(Th) = 26 GeV
my;s (l..l,T_h) = 47 GeV
m; (p,E7"") = 8 GeV
ET** =7 GeV

Run Number: 160613, Event Number: 9209492
Date: 2010-08-03 02:12:37 CEST

-5

l — TT s
Candidate in 7 TeV Collisions, i~

T 1
& 360

3-prong hadronic
tau decay



Weitere Aktivitaten am CERN



CERN
Prévessin

Prévéssin-Moéns

LEP/LHC

GRAN SASSO

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

p + C — (Wechselwirkungen) — 5 (Zerfall) > UF + v,
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Was ist Antimaterie?
e \ /Rl

[1 Einstein C A .

B “Materie ist kondensierte Energie!” it AT

. - v

[0 Dirac SRR C
B "Teilchen enstehen immer in Paaren, y (Ve J 5y

Teilchen und Anti-Teilchen!” R /Ay ! 5
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ANGELS&DEMONS

MAY 2009

ANGELS&DEMONS
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Anwendung von Antimaterie - Tumorbekdampfung

relative dose (%)
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ACE Experiment bei CERN

Imaging insert

Cylindrical sample holder
DEM beamline
Cell samples
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Fragen 7

£ &
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Physique des Particules Cosmologie
Astrophysique
Astronomie
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Events/GeV

.
o
in

Excellent start-up in 2011:
already some 27/pb delivered
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Magnet Interconnec

.......
''''''''

Der LHC Beschleuniger - DPG - Bonn

L

Dlpole busbar
. «f -

17.03.2010



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

40

17.03.2010



pr jetl=670 GeV,
pr jet2=610 GeV, m;=3.7 TeV

Run Number: 166466, Event Number: 78756195

Date: 2010-10-08 08:05:57 CEST

17 Nov 2010 Pippa Wells, ATLAS 42



8-1et event 8 jets with p;>60 GeV

Run Number: 166198, Event Number: 100726931

Date: 2010-10-05 03:27:52 CEST

17 Nov 2010 Pippa Wells, ATLAS 43
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- largest energy jump (X14) in the history
of heavy-ion physics!

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:29:52

Fill : 1482

Run : 137124

Event : 0x0000000042B1B693
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Beam Dump System

Dump block
TDE

Dilution kickers

Q MKBH MKBV
Beam 1 (4x) (6x)

particle free abort
of 3 us

Kicker
strength A

Passive diluter

MSD
Extraction septum (3x5)

1 MSDA MSDC
Illustration of kicker r i

(15x) .
Extraction kicker Beam 2




Der Beam Dump

0.7
m 35m

A 4

beam

1.7 g/cm3 1.1 g/cms3 1.7 g/lcm3

Entrance ) graphite TDE
window == T dump block

l, T concrete

@600 mm shielding

1.2 bar N




