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The first proposal (De Broglie, 1949)

“...alaboratory or institution where it would be
nossible to do scientific work, but somehow
peyond the framework of the different
participating states.

..this body could be endowed with more
resources than national laboratories and
could, consequently, undertake
tasks...beyond their scope...”

Collaboration could be easier due to
the “true nature of science”
This kind of cooperation would serve also other disciplines
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__ The twenty Member States of
| CERN (2005)
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Left to Right: Pierre Auger, Edoardo
Amaldi and Lew Kowarski, at the first

session of the provisional CERN Council "= "
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OBSERVERS:
UNESCO, EU, Israel, Japan,
Turkey, USA, Japan, Russia
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CERN in Numbers

2500 staff
6500 users

500 Fellows and
Associates

Budget (2003) 1280MCHF
(817M Euro)

Member States: Austria, Belgium,
Bulgaria, the Czech Republic, Denmark,
Finland, France, Germany, Greece,
Hungary, Italy, Netherlands, Norway,
Poland, Portugal, Slovakia, Spain,
Sweden, Switzerland and the United
Kingdom.

Observers: India, Israel, Japan, the
Russian Federation, the United States of
America, Turkey, the European
Commission and Unesco




Distribution of CERN users, May 1, 2001
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ROMANIA 23 ISRAEL 39 42 INDIA 55
ma— BELARUS 18 CYPRUS 3 ASIA Iggggﬁ gg
MEMBER STATES LATIN AMERICA ISJLKRAOVé§fA }; TAIWAN 13
AUSTRIA GERMANY CROATIA 12 PAKISTAN 6

BELGIUM GREECE PORTUGAL BRAZIL 26  SERBIA 2
BULGARIA HUNGARY SLOVAKIA MEXICO 8 IRELAND 2 AFRICA 9 TURKEY 17
CZECH REPUBLIC ITALY SPAIN ESTONIA 2 ARMENIA 15
DENMARK NETHERLANDS SWEDEN MALTA 1 MOROCCO 4 41 GEORGIA 7
FINLAND NORWAY SWITZERLAND 34 92 SOUTH AFRICA 4 AZERBAIJAN 1
FRANCE POLAND UNITED KINGDOM ALGERIA 1 UZBEKISTAN 1
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Age Distribution
of CERN Users (May, 2001)

Age Distribution of CERN Users
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PhD thesis
in LEP experiments

(over ten years):

Status of 1998 (120 PhD's total)
ALE PH : 2 1 O Industry

DELPHI: 227
250
198

Status of 1998 (68 PhD's total) ﬂ
.

University

Research Centre

Whereabouts of PhD's

Consulting
Chemistry

Whereabouts of PhD's in Industry
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What 1s CERN?
Summary

The CERN accelerator menu

The LHC project:  accelerators + experiments
The LHC computing challenge

Long base neutrino beam

Cold antiprotons

High energy muon and hadron beams

R&D for future accelerators
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CERN = Laboratory of Particle Physics

Fundamental Particles and Forces
1n nature
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The Generations of Matter Weak
(Electro
Graviton Photon Gluon
I:nut yet observed)

Quarks and
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Accelerator chain of CERN

Accelerator chain of CERN (operating or approved projects)

e

LHC
P-P, very high energy

Cold P-bar

P, high energy

) B =

NS P, low energy
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Energy available at Collider facilities vs. time

100.000
Energy, GeV

Equivalent energy in
fixed target (P):

Tevatron: P-Pbar, 1987
E. .~0.510°TeV

equiv

LEP2: e" e, 1995
=~ same range as Tevatron

LHC: P-P, 2007
E_ . ~1.1:105 TeV

equiv

+ X-factories
+Heavy lons...

1960 1970 1980 1990 2000
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The Large Hadron
Collider in the LEP
Tunnel (27 km)

~100 m underground

Proton- Proton Collider

7 TeV + 7 TeV

:> <: <\ first physics targets:

*Higgs boson (s)

Luminosity = 1034cm—2sec-! *Supersymmetric Particles
*Quark-Gluon Plasma
*CP violation in B
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LHC\ main Dlpole Magnets (1232)
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Transport 1n
the tunnel
by truck with

optical
guidance
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Overall View of the Large Hadron Collider (LHC)

LHC - B CERN

sozaloint 8 == ATLAS
: ¢+ Point 1

cMS
Point 5
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Heavy 1on physics CP violation with b quarks

17
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Anatomy of a Dectector

Key:

Muon

Electron

Hadron (e.g. Pion)
""" Photon
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Silicon
Tracker
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Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CM5
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The Main Building « fits in » the ATLAS Cavern

INAAT P | L‘E
UX1s CAVERN .

D. Schlatter. Summer Students. 2005



 ATLAS shaft
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CMS cavern
Feb. 2005
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ATLAS cavern
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Insertion of coil in vacuum tank foreseen
Sept. 2005
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The data
transmitted 1n
ONE SECOND
of LHC running

Computing in LHC experiments

(+30 minimum bias events)

1s equivalent to:

— it 'Z All charged tracks wi{h b.t">'2 GeV the information

Reconstructed tracks with pt > 25 GeV |, exchanged by
\ / WORLD
TELECOM
(= 100 million
phone calls)
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What we hope to see in the LHC detectors!
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LHC data volume (simplified)

40 million collisions per second

After filtering, 100 collisions of interest per second

A Megabyte of digitised information for each
collision

1 billion collisions recorded =

1 Megabyte (1MB)

1 Gigabyte (1GB)
= 1000MB
A DVD movie

1 Terabyte (1TB)
=1000GB

World annual
book production

1 Petabyte (1PB)
=1000TB

10% of the annual
production by LHC
experiments

1 Exabyte (1EB)

= 1000 PB

World annual
iInformation production




PB = Peta Byte = 1000 Tera Byte




Theretfore: Provide mountains of CPU

Calibration
Reconstruction
Simulation
Analysis

For final LHC computing,
some 100 000

of today's PC processors
are needed/

Produced by industry
today in ~6 hours

Even with technology-driven improvements in performance and
costs — CERN cannot provide enough capacity for LHC!
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World Wide Collaboration
= distributed computing & storage capacity

Europe: 267 institutes, 4603 users
Other: 208 institutes, 1632 users
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LHC GRID computing hierarchy

~1OO 1500
MBytes/sec

llero &l [‘
~25-10 Gbps

DL D QEDs : -

2.5-10 Gbps

.5-10 Gbps wm»

Tens of Petabytes by 2007-8.
An Exabyte ~5-7 Years later.

Physics data cachg
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The WWW invented at CERN

The World Wide Web
Tim Berners-Lee provides seamless
access to information
that is stored in many
millions of different
geographical locations

In contrast, the Grid
IS an emerging
infrastructure that
g E "~ provides seamless
7 <z access tocomputin
WSIS, Gen cevey = L@l powerand da‘rg s’rogage
October 101 3. ‘s ¥ capacity distributed
) ~ <" over the globe.
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Besides the LHC project,
what else 1s going on at CERN?
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Cold anti-protons for anti-hydrogen @AD facility

Physicists are setting traps
to catch ,
the simplest element in

the mirror world of
antimatter.

The most precise CPT Tests

magnetic moment (g2} F2Y

iertial mass =8

Longterm physics goal:
Spectroscopy with anti-H

<« (AN
I T R .
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COMPASS fixed target experiment at the SPS

to study hadron structure

and hadron spectroscopy

with high intensity COMPASS
muon beam (160 GeV)

and hadron beams.




Gran Sasso
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*Long-Baseline Neutrino Programmg

« To observe the appearance of tau neutrino

1n a muon neutrino beam from CERN

SPS/ECA4

LEP/LHC tunnel

SPS tunnel
, rotons
Y cess galler
/
LHC/TI8 tunnel arget
chamibe Service gallery
ecay tunne

after 5 yrs
running
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OPERA an hybrid neutrino detector
at Gran Sasso Laboratory
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CLIC e"e” Linear Collider at E, =3 TeV

37.5 km

13.75 km Beam delivery section (~ 10 km) 13.75 km

\}/

Main Beams 5 l | | 1 I
154 bunches of 4 10e+ e-
9 Gev/c

FROM MAIN BEAM
GENERATION COMPLEX
IT

e+

e MAIN LINAC

/1l
: £l ) 1 _asdmwm | o
DRIVE BEAM DECELERATOR FROM DRIVE BEAMS -4 n . ¢ POWERSECTIONS
624 m GENERATION COMPLEX power al z

Drive Beams 2cm 130 nsor39m 4.16us or 1.248 km

) ) between bunches ulse length between beams
22 drive beams/linac M >

e
made of ~1952 bunches ™
1
7.5 Aat1.18 GeV/c /) I

gl
el

Luminosity = 10°* - 103% cm sec!
Total Length = 39 km
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Accelerator R&D

CLIC Test Facility 3

Drive Beam Inj
rwe m Injector Drive Beam Accelerator

High Power
Test Stand

Main/Drive Beam Main Beam Transfer Line

Modules Injector &
Bunch Compressor

CLIC = Compact Linear Collider Housed in LEP
Two beam linear acceleration pre-Injector building

150 MeV/m = 1.5 TeV/10km
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“Knowing more about the

: : Higgs and Supersymmetry
Links for further reading T ——— e p—
: ‘ aﬁquestlons more sensibly”
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http://public.Web.c'ern.ch/Public/Welcome.html
http://en.wikipedia.org/wiki/CERN

http://hands-on-cern.physto.se/hoc v21en/index.html
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