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. X . La sixieme session du Conseil fut organisée a Paris du 29 juin au
1¢ juillet 1953. C’est  cette occasion que la Convention établissant I'Organisation fut signée, sous réserve de ratification, par douze Etats membres.
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CERN Member
States
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Hlstory of Particle Phy5|cs

™ Interface with cosmology

AUSTRIA
BELGIUM

DENMARK

Impact on Soclety
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What are they?
What holds them togethe




All the different
Elements ...

F

... are made
of atoms ...
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nuclel
contain
Protons &
Neutrons ...

structure
we study
at CERN
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Electromagnetism:
gives light, radio, holds atoms toget
Strong Nuclear Force: = ®oa Weak Nuclear Force:
holds nuclel together gives radioactivit
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50th anniversary of CERN

together
they make
the Sun
shine
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Gravity:

holds planets and stars toget




From Cosmic Rays to CERN  §

_ J
Discovered a century ago ...

<
" .

... cosmicray |
showers were§
found to ~
contain many

different types,
of particles ...

_ X &
CERN was established in 1954 to study these pestial dete




Landmarks in Particle Physicg

1897 :

1910 :
1960’s :

1970’s :

N 1973 :

1983 :
1990’s :

1996 :
>2007 :

Electron discovered by

Nucleus discovered by

Quarks (aces) proposed by

Experimental evidence for quarks.ar
Discovery of neutral weak interactions 2
Carriers of the weak interactions discovered.ai
Standard Model established'at

Discovery of the last quark (top) at

CERN will explorewhy particlesweigh




The Standard Model of Partl [s
Physics
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Proposéd by Abdus Salam, ¢ .j

Glashow & Weinberg i

Key tests In
experiments

preliminary
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Early Days @ CERN

An early Council meeting The construction sit

. _,.:’ i CERN S first
=" major result:
Confirmed

theory of
weak force
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Discovery of Neutral Weak
Interactions

(Nl =3 | EOM
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Using Gargamelles % ¥
bubble chamberg.

v—nucleus == 4
scattering &5 -2

. A new type of radioactivity: opened way to Standsiatel g



Janka et al., 200




Multiwire Proportional
Chambers (I\/IWPC)S

-~ e

Electronic detectors connected directly to comu
revolutionized datdaking in particle physics
- and medical physics
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The Discovery of the W an
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Martinus Veltrman Gerardus 't Hooft

Inventor of Showed how to calcula
electronic tracking the Standard Model
detectors (MWPCs accurately:
used to discover tested at LEP at CER
W, Z, etc.

Proposed and led
the discovery of th
W & Z particles



Hadrons| Nuclel Atoms

DELPHI ? ' Quarks and Leptons

today

Stars

4
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105 10's 10%  3min 15 Billion
Years
Time after Big Bang
S \

These controlled

determined the
number of
neutrino species

the expansion of
the early Univers
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Knowing number of

neutrino species, can
calculate abundances
light elements: He4, ..

0.02 0.03 th anniversary of CERN
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N

... In agreement with
B measured abundances,
baryon~to=photon ratio n just three neutrinos (LEFR
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Discovery of QuarlGIuon Matter Y

e D
Colliding =

l LY

heavy vy, - ERPE
: N @
& Nuclei ... (g5 s,
] 2 1.
- ! S :- fi ~ E\_
3 1
_.-.:ﬁ\": %0.8
..protons g 0.6 .
' & neUtronS y 04 ® Pb - Pb 1998 with Minimum Bias
| dlSSOlve I . 'fewer ; Eggglgggmth Minimum Bias
| g mesons [l
o p-p(d) NAST

olfolo[V[efTel o -

3 3.5

. 0 0.5 1 1.5 2 25
In plasma” e (GeVAm’) |
6 1

State of matter In first

microseconds of the Univers

o)




e o e
Anti-Hydrogen @ CERN
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First fabrication of a ‘Industrial’ production of
handful of Hundreds of thousands of ahtydrogen atom

ant-hydrogen atoms compare hydrogen and afijdrogen spectf







Computing: from Supercomputers
the WorldWrde Web & the Grrd

Stages in computing @ CERN:
1-— Supercomputer on site

3-PC farm @ CERN
4 — Connect PCs around world to~ = Lo
share computing resourcgi A |
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1995: —INRIA

1994: first Conference

1993: first European project

1990: first software
1989: WWW project

Invented @ CERN to enable physicists’ collaboraitmshare da
First EU project @ CERN

Free release to the world




1954-2004

Weh Uniform access
to HTML documents

Ii

Software
catalogs

Grid: Flexible, high .=
performance acces{f&=

to all significant
resources

g &
Colleagues &—F Data archives

= wr T

On-demand creation of powerful virtual computing systé‘ 2004
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Collaboration T

LHC Experiments ) Lab ..,
Grid projects: Europe, US /" grid for a .

)/ regional 'groug Uni a \\\
Regional & national centrt - @
Choices g

Go for a Tier" hierarchy. B2y 1oy Ter 1

Intel CPUs in standard PC i :
Y Lab b @

-
-

Goal N be |
Prepare and deploy the i1 Bl "’"‘Uni \ | ’gfg{fyf;';?/’
computing environment fc . Bl == Uni b‘;:gﬁ;/
analyzing LHC data. gi 0 e

; Desktop
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Current LCG Deployment Statu

of CERN
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Total Sites 82
Total CPUs 7269

Total Storage 6558
(TB)

Wed September 22 2004

The LHC Computing Grid, LCG, which was launched in September 2003 with 12 sites contributing, has been growing very
rapidly. A snapshot of the B2 sites that were actively contributing to the LCG by August 04 is shown in the map above, whicl
also provides a dynamic view of ongoing activity on the LCG. This map can be accessed at http:/igoc.grid-support. ac.ukilog
and was developed by the Grid Operations Centre based at the Rutherford Appleton Laboratory in Oxfordshire.
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Most LCG work Is also useful for ..

- ;ﬂ _ _;;'5-
» Medical/Healthcar e (imaging, diagnosis and kii 5
i

7 &

treatment )
e Bioinformatics (study of the human genome and ;_::
proteome to understand genetic diseases) -
* Nanotechnology (design of new materials from thepli==
molecular scalg
» Engineering (design optimization, simulation, failu
analysis and remote Instrument access and
control)

* Natural Resour ces and the Environment = B
(weather forecasting, earth observation, '
modelling and prediction of complex syster
earthquakes)
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CERN & Medical Physics v

.

* Accelerators for hadron therapy

ERN

* Imaging detectors for diagnostics

 |sotope production
* A Grid application to Medicine




Photons
Physical dose high
DNA damage repaired
Biological effect
presence of oxygen
Effectnotlocalised

Hadrons
Dose highest &
DNA damage o' repaired
Biological effect
Do notneed oxygen
Effect < localised




Proton

on Medical Machine Study (PIMMS)

Main Accelerator

Injection Chain

e

Synchrotron

protons and
C-ions

proton linac

C-ion linac

Treatment rooms

Slow Extraction

room 3

room 4

proton C-ion
gantry horizontal

Facility for hadrontherapy (Carbon, protons)
Fixed beam lines and gantries for maximum flexipili

Collaboration>1996 (MedAUSTRON (A) and TERA (1))

CERN hosted and supported the study
Laterﬂ') iIned by ONKOLOGY 2000 (CZ) Contacts with
GST (D)




1954. 2004

PositrorEmission Tomography (PE \1

4 == —

Early detection of defectsis ( p=
Started by Hoffmann et a
Parallel work at CERN:

Early work using MWPC¢
Continuation using crystals, cf, L3, CMS

Data acquisition, Image analysis
FP6 project on image analysis for PET



object
to image

flip—chip
bump bonding :;
connections |

CMOS pixel
Dead—nut chip

9

e ".,..pn""a

X-—rays

Improved medical xxay imaging

Based on semiconductor pixel
detectors developed @ CERN

Count single photons, unlike film of
CCD

Transfer of technology to third
parties for medical and industrial
applications is under way

a



Crystal Clear LUAP production
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Hospital Maly "ln.:nlh e,
Anslysi L'ﬁ""‘!':_'_r)' University Dittabase
» Ollocoo | — e
e | f;:.\)‘ ?ﬂ; ) == =] =
L -
A 2 M€ European FP5 G 5
project to build a pan e, SR oy, —
. . IJ. ‘ L4
European distributed (g',i.‘;’lw @ R W "'“"‘__: '
database of | Mealthear Institnte | —
mammography |mageS — Chinacmrrds Wiockesia o
using GRID technologief@ ( I.uml \IQ‘L/ Massively distributed dai
To prOVIde = *Knowledge is stored ll:-lIl!F"ﬂd‘l data \1.._4 =y AND distributed ﬂﬂﬂfy&fﬂ
d o f . =Active {meta-Jobjects manage Fllespital 17K
Sl ARG LI M [OI@VESISHIM virions versions of data and _ o2
epidemiological studies, [ oim - [ELPSER: o
. d *Small network bandwidth nequired | i ] — 1 Analysis-specific data
guality control and

validation of computer
aided detection algorithm

A consortium of CERN

*Project concentrates on applying emerging GRID
technology rather than on developing it
heavily relies on technologies develop

with Italian and UK
universities, hospitals anc
SME

primarily in the field of High Energy Physics







Educational Progﬁramrﬁhes @ CE
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Age Distribution of SC|ent|sts usmg CE

e

& \hat the studentdl
June2001 = = did afterwards =

1000 Industry @.rg»
800
/ Total = 5
6 OO / Other
4 O O Research Centre
J Whereabouts of PhD's
200 \\ Ol
O 'L/ T T T T T T T T T T T
15 20 25 30 35 40 45 50 55 60 65 70
Whereabouts of PhD's in Industry







s AT, - D 4
First European international organization

EastWest meeting ground during Cold War
Opened to Central Europe after Berlin Walll

LHC is the first global scientific project
Bridging many political divides:
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Open Questlons’beyond the
Standard Model
A

What is the origin of particle masses?
due to a Higgs boson?

4

Why so many types of matter particles?

Unification of the fundamental forces?
at very high energy ~ 10GeV

Quantum theory of gravity?




r — ’
i L4 B e
- e _ e

Some particles have mass, some do (@Y
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v ' Wheredothemasses
L PR come fron?
g F nlr—« —
Newton:
Weightproportional toMass

50th anniversary of CERN

Einstein:
Energyrelated toMass

Neither explained origin of Mass

Are masses due to Higgs bosc

(yet another particle)



Higgs b
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The excitation crosses the room
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Dark Matter |n the Unlvers -

e av

Astronomers sayis
that most of the E
matter in the
Universe IS
Invisible
Dark Matter

We shall look for;
them with the
LHC




 Unifies matter and force partlcles’?
* Links fermions and bosons

Exclusion principle vs laser coherence

* Relates particles of different spins
O- % - 1 - 32 - 2

Higgs- Electron- Photon- Gravitino- Graviton

* Helps fix masses, unify fundamental forces

\

R




Dirac predicted the existence of antimati
same mass i
opposite internal properties:

electric charge, ...

Discovered in cosmic rays

Studied using accelerators



Generating the matter in the Y
X

!

Universe

o === Sakhar
 Need difference between matter, antimatieresn

 Need mattecreating interactions

Y - Need breakdown of thermal equilibrium

Can we calculate from laboratory measureme







