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q cultures

E.g. the secrets of the Big B
within the first moments of thex

Develop new te

accelerators any ZE.
7 uniting people

Information technology4

Medicine - diagnosis and therappy o~ o pahy

Train scientists and engineers of
tomorrow

QO Unite people from different countries and
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Member States: Austria, Belgium, Bulgaria, the Czech Republic, Denmark,
- Finland, France, Germany, Greece, Hungary, Italy, the Netherlands, Norway,

Poland, Portugal, Slovakia, Spain, Sweden, Switzerland and

the United Kingdom

Candidate for Accession: Romania
Associate Members in the Pre-Stage to Membership: Israel, Serbia
Applicant States: Cyprus, Slovenia, Turkey

< Observers to Council: India, Japan, the Russian Federation, the United
@ .. States of America, Turkey, the European Commission and UNESCO
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Science Is getting more and more global

Distribution of All CERN Users by Nation of Institute on 4 April 2012

N O

MEMBER STATES
Austria 102

Belgium 138 : “ : 3
Bulgaria 53 ; <
Czech Republic 202 S “-) "\
Denmark 75 2 N w
Finland 101 &l gt < " .“ .
France 908 3 Q“" ‘A ’ 7
<

Germany 1318 i - F
Greece 105 . *j 5y
Hungary 57 ;
Italy 1417 .’1‘, 3
Netherlands 186 " o
Norway 90 ’ )

(]

Poland 206
Portugal 133
Slovakia 61
Spain 363
Sweden 88
Switzerland 397
United Kingdom 784

6784 C":NQI‘I?ATE FOR OTHERS China 115 Iran Oman Ukraine
ACCESSION China (Taipei) 70 Ireland Pakistan Uzbekistan
OBSERVERS Romania 78 Argentina Colombia 10 Korea Peru
India Armenia Croatia 21 Lebanon Qatar
Japan Australia Cuba 4 Lithuania : Saudi Arabia
Russia ASS‘OC‘IATF: N‘!I‘EI\/I‘BﬁER Azerbaijan Cyprus 9 Malta Sloveita ;
Turkey IN THE PRE-STAGE Bela(us Egypt 7 Mexico ¢ South Africa 934
USA TO MEMBERSHIP Brazil Estonia 17 Montenegro Thailand =
Israel Canada Georgia 10 Morocco T.FEY.R.O.M.
3 Serbia Chile Iceland 3 New Zealand Tunisia




Next Scientific Challenge:
to understand the very first moments of our Universe
after the Big Bang

13.7 Billion Years

1028 cm

7



Quarks

Electron Radius of Galaxies
~ ]
Universe
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Super-Microscope

— \v) Molecule
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Study physics laws of first moments after Big Bang g@-&\
increasing Symbiosis between Particle Physics, K<

Astrophysics and Cosmology
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LHC — Large Hadron Collider

CERN



LHC - Large Hadron Collider

4 TeV + 4 TeV

N —

Tera=10**12

Luminosity =
1034cm2sect
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.
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" — » . -
‘o A 3 L A
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The LHC results will
) determine the future course
of High Energy Physics



Large Hadron Collider

Collision of proton beams... ...obse

to Gran Sasso

East Area
neutrons |
n-ToF
LINAC®P
ions ]
v Linac
BOOSTER ISOLDE lons i’ Yy Leir
|-
p p (proton) PP (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
p ion =~ proton/antiproton conversion PS Proton Synchrotron n-ToF Neutron Time of Flight

p neutron P neutrino SPS Super Proton Synchrotron CNGS Cern Neutrinos Gran Sasso






L Searching for new particles requires selection and
gn?Iyi‘,ls of enormous guantity. of data from LHC
etectors

(+30 minimum bias events)
/J
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LHC experiments produce 10-15 million Gigabytes of data

each year (about 20 million CDs!)

LHC data analysis requires a computing power equivalent to
~100,000 of today's fastest PC processors.




Running jobs: 100767.0
| Transfer rate: 5.74 GiB/sec

Oct 6,.2010 7:20:00 am
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International Herald Cribune

Discovery upends
world of physics

Al the News
That's Fit to Print”

he New ﬁork fmes:

ROMNEY NOW SAYS
HEALTH MANDATE
BY OBAMAISATAX

IIFT RENEWS CRITICISM

VOLCLNT . No. 55,570

Ol Backed Up,
Iranians Put It
On Idled Ships

Subterfuge at Tankers
as Embargo Tightens

Physicists Find Elusive Particle Seen as Key to Universe
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4 July 2012: CERN press conference
“CERN experiments observe particle consistent with
long-sought Higgs boson”

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000 v
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4 July 2012: CERN press conference
“CERN experiments observe particle consistent with
long-sought Higgs boson”

ATLAS

EXPERIMENT

http://atlas.ch
Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST




CERN — world biggest accelerator complex
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Antimatter Physics

Matter-Antimatter comparison B toon anti-proton
Very fundamental in our theory of physics
m=m g=g

H electron positron H
ASACUS
ATRAP Trapping H in a magnetic bottle
ALPHA

AEGIS Look at H free falll
Galileo’s experiment for antimatter ! —

ACE Biological effect of p
Possible use for cancer therapy

11/15/2012 21



CERN accelerator complex,
working not only for LHC

CMS

ALICE LHCb

ISOLDE fed by

PSB proton beams;
1967 upgrade 1992




ISOLDE - Isotope Separator On Line, and
Radioactive beam EXperiment (REX)

An alchemical factory
for nuclear physics

Low-energy beams of radioactive
iIsotopes - atomic nuclei. The
facility, located at the Proton-
Synchrotron Booster (PSB), is like
a small alchemical factory,
changing one element to another.
It produces a total of more than
1000 different isotopes for a wide
range of research.




CERN accelerator complex,
working not only for LHC !
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CMS
LHC
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CNGS — CERN Neutrino to Gran Sasso experiment

- investigation of the nature of neutrinos

CERN sends muon neutrinos to the Gran Sasso National Laboratory (LNGS), 732 km
away in Italy. There, two experiments, OPERA and ICARUS, wait to find out if any of
the muon neutrinos have transformed into tau neutrinos. To create the neutrino

beam, a proton beam from the Super Proton Synchrotron (SPS) is used.
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http://public.web.cern.ch/public/en/Research/SPS-en.html

Department

|
@ ; Clc.)l(,‘l.(él An experiment on climate

Study effect of cosmic rays on clouds formation QM4V
(cosmic rays “simulated “ by T11 beam, clouds ;ﬂ@ \i
created in a large climatic chamber /N

11/15/2012 HST at NEC11 - Varna, Bulgaria - 13.09.2011 Livio Mapelli 26



. CERN: Particle Physics and Innovation

¥ uniting people Y

Research

Q Interfacing between fundamental science and key
technologlcal developments

Acceleratlng partlcle Detecting pérﬁds Large-scale
@\ beams computing (Grid)



Medical Application as an Example of Particle Physics Spin-off
Combining Physics, ICT, Biology and Medicine to fight cancer

1| @) Hadron Therapy

~=3, ..\:' !

/,]'umour Leadership in lon
Target Beam Therapy now
" in Europe and
7 [ AR Protons ) NETET
— m— light ions A -
Accelerating particle beams X-ray protons
~30°000 accelerators worldwide >70°000 patients treated worldwide (30 facilities)
~17°000 used for medicine >21’000 patients treated in Europe (9 facilities)

“ I m ag I n g P ET Scan ner Brain Nll;tabolifr;Ei;l_ Is\lzheimer’s

Clinical trial in Portugal
for new breast imaging
system (ClearPEM)
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CERN Education Activities

Scientists at CERN Mo ool
Academic Training Programme “Of HigHEEN« gy P ySICS

-

Young Researchers

CERN School of High Energy Physics
CERN School of Computing

== CERN Accelerator School

Physics Students
Summer Students
Programme

CERN Teacher Schools

, International and National
.. Programmes
- 2N




CERN Teacher Programme

CERN Teacher Programme Participants 1998 - 2011

v

MEMBER STATES

Austria 58
Belgium
Bulgaria

Czech Republic
Denmark
Finland

France

Germany

Greece

Hungary

Italy
Netherlands
Norway

Poland

Portugal
Slovakia

Spain

Sweden
Switzerland
United Kingdom

OBSERVER OTHERS China Kenya Qatar Thailand

CANDIDATE FOR STATES Croatia Latvia Rwanda TFYR.OM.
ACCESSION Angola Cyprus Lebanon Sao Tome Timor-Leste
Romania Australia Ecuador Madagascar Saudi Arabia Ukraine
Azerbaijan Estonia Malta 2 Singapore UAE.
ASSOCIATE MEMBER Tutkey Brazil Georgia ) Mexicol Sloveniq )
IN THE PRE-STAGE USA 56 Cameroon thna ) Mongolia South Africa

: Canada Guinea Bissau Montenegro South Korea

TO MEMBERSHIP !
Tsiss] | Cape Verde Ireland i Morocco Swaziland
Serbia 10 Chile

India
Japan
Russia 13

v
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Kazakhstan 3 Mozambique




Summer Students 2012

MEMBER
STATES

Austria
Belgium
Bulgaria
Czech Republic
Denmark
Finland
France
Germany
Greece
Hungary
Italy
Netherlands
Norway
Poland
Portugal
Slovakia

Switzerland
United Kingdom 10

OBSERVERS 41

India <)
Japan 5
Russia 11
Turkey 6
USA 14

e

CANDIDATE FOR
ACCESSION

Romania

ASSOCIATE MEMBER
IN THE PRE-STAGE
TO MEMBERSHIP
Israel

i Serbia

OTHERS
Argentina
Australia
Bangladesh
Belarus
Brazil
Canada
China
Colombia
Costa Rica

Al

Croatia
Cuba
Cyprus
Ecuador
Egypt
Estonia
Georgia
Ghana
Hong Kong
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Iran

Ireland
Jordan
Kazakhstan
Lithuania
Madagascar
Malaysia
Malta
Mexico

=

Nationality of Summer Students 2012
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Morocco

Oman

Pakistan

Palestinian Territories
Philippines

Saudi Arabia
Singapore

Slovenia

South Africa
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Sri Lanka
Thailand
Tunsia
T.EYR.OM.
Ukraine
U.AE.
Vietnam




Summer Students 2012
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elerating Science and Innovation
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