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Push forward the frontiers of knowledge

E.g. the secrets of the Big Bang ...what was the matter like
within the first seconds of the Universe’s life?

Develop new technologies

Information technology - the Web and the GRID
Medicine - diagnosis and therapy

Train scientists and engineers of
tomorrow

Unite people from different countries and
cultures



Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
Galaxies, Planets, etc.

400,000 yrs.

g = 1ER - WMAP
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Quarks

Proton

Neutron

=]
Electron

Super Mlcroscope

Study physics laws of first moments after Big Bang
¥ increasing Symbiosis between Particle Physics,
Astrophysics and Cosmology
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[/ TeV + 7 TeV

N —

Luminosity =
1034cm2sec

The LHC results will
) determine the future course
of High Energy Physics




The large Hadron Collider

Collision of proton beams... ...0b

to Gran Sasso
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CERN Accelerators

(not to scale)

0.999999c by here

0.9999978
0.999393

—_— proinne
EerUpa Lo s
— EETE
FaLnnra B GRan Sasan ()

0.87c by here

LHC: Large Hadron Collider

SPS: Super Proton Syvnchrotron

AD: Amtiproton Decelerator

ISOLDE: Isotope Separavor OnlLine DEvice
PSB: Prowon Synchrotron Booster

P5: Proton Synchrotron

LINAC: LiNear ACcelerator

LEIR: Low Encrgy Lon Ring

CNGS: Cern Meutrinos o Gran Sasso

Start the protons



LHC Magnets

* A. Accelerator magnets
— Bending magnets (dipoles)
— Focusing magnets (quadrupoles)
— Correction magnets



LHC Magnets

« 1. Dipole magnets are bending the
trajectory of particles (keep them on
circular trajectory)

Problem no.1

Calculate the magnetic field B necessary to keep the
protons of the energy E= 7 TeV on a (nearly) circular
trajectory of the LHC ring (approx. radius R =
4.3.km), knowing that at this energy the protons will
have the speed v=99.9999991% of speed of light c
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First p-p collisions at Vs = 7 TeV on 30 March 2010, restart 13 March 2011
First Pb-Pb collisions on 7 Nov 2010

> Brilliant performances of LHC, experiments and computing

LHC + Experiments: spectacular start-up in 2010

\\\\
LHC 2011 RUN (3.5 TeV/beam) \as E*"‘"‘”“‘e"}é"‘e N
Datayeeorded: 2010-Jul-0! 023&58 839811 GMT(04:2558 ES‘T

[ Eveqing39779 / 4994198

ATLAS 5.218 fb™'

CMS 5.319 fb™!

LHCh 1.157 fb~!

ALICE 4.882 pb™'
PRELIMINARY
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Month in 2011

([generated 2011-10-20 01:17 including fill 2222)

@‘ Impressive detector performances


http://aliceinfo.cern.ch/static/Pictures/pictures_High_Resolution/wwwFirstPbPb/ev4796_RPhi.png
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New particle ???

Reconstructed tracks with pt > 25 GeV " H




LHC Computin . GRID
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LHC Computing GRID
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B Running jobs: 100767.0
Transfer rate: 5.74 GiB/sec
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Three main challenges of the LHC Project

First:

Solution: Innovative design of superconducting magnets bending
the beam to the tunnel radius, and cooled with superfluid helium.

Second.:

Soltiior: Innovative
detector types, new materials, giant superconducting magnets,
fast electronics for events registration....

Third:
Solutior: LCG — LHC Computing
GRID - distributed computing concept.

ALLTTRE TRIREE RECUIRED GLOSAL COLLASCORATION |
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Science Is getting more and more global

Distribution of All CERN Users by Nation of Institute on 27 June 2011

MEMBER STATES

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

SWEDEN
SWITZERLAND

UNITED KINGDOM

6542

94
140
53
192
72
116
905
1220
99
54
1406
180
93
205
141
63
339
79
359
732

OBSERVER STATES

INDIA 109
ISRAEL 60
JAPAN 190
RUSSIA 822
TURKEY 79
USA 1786

3046

OTHERS
ARGENTINA
ARMENIA
AUSTRALIA
AZERBAIJAN
BELARUS
BRAZIL
CANADA
CHILE
CHINA
CHINA (TAIPEI)
COLOMBIA
CROATIA

CUBA
CYPRUS
EGYPT
ESTONIA
GEORGIA
GHANA
HONG KONG
ICELAND
IRAN
IRELAND
KOREA
LEBANON

LITHUANIA
MADAGASCAR
MALTA
MEXICO
MONTENEGRO
MOROCCO
NEW ZEALAND
PAKISTAN
PERU

QATAR
ROMANIA
SAUDI ARABIA

SERBIA
SINGAPORE
SLOVENIA
SOUTH AFRICA
THAILAND
F.YR.O.M.
TUNISIA
UKRAINE
UZBEKISTAN

894




Participation of Non-Member States In
CERN scientific programmes

( CERN is financed by 20 Member States, with annual \
contributions proportional to the Net National Income
(or GDP), but has scientific and educational links with
nearly 100 countries!

« Non-Member States participate in financing selected
Projects

e Over 40 Non-Member States participated in the
LHC construction, providing around 1/6 th of its cost and

K over 3000 of physicists and engineers (over 1/3 of the totaly




Contribution of CIS countries to LHC
(CIS - CopgpyxectBo HesaBucumeblx ocygapcts, CHI)

[Important contribution of the Russian Federation }

[Highly appreciated contribution of other CIS Countries.}

Important role of JINR - Dubna in creating LHC
collaborations with CIS countries >

Armenia, Azerbaijan, Belarus, Georgia, Ukraine
\(and also other JINR Members!) /




LHC Machine - Vital Contribution of Non-Member
States: Canada, India, Japan, Russia, US



http://fr.wikipedia.org/wiki/Image:Flag_of_Canada.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_India.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_Russia.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_Japan.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_the_United_States.svg
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\ Diameter: 22m

4] A Detector characteristics
Muon Detectors Electromagnetic Calorimeters 5 Width: ~ 44m
\\ : Weight: 7000t

Forward Calorimeters

End Cap Toroid

Solenoid \\ CERN AC - ATLAS V1997
\

i Inner Detector ieldi
Bl Toroid Hadronic Calorimeters Shielding
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Contribution of CIS countries to LHC
(CIS = CoapyxectBo HeszaBucumbix 'ocygapcts, CHI)

Physicists and engineers from CIS countries have notably confributec |
to the construction of all LHC experiments

(ATLAS, ALICE ,CMS, LHCD) and to the LHC accelerator
‘&_‘_'!(;» £ " N 2 !\ \ U ,/ Z /:¢




Unique Technologies developed for LHC
Example: SCINTILLATING CRYSTALS - monocrystals of PoWO4 developed

and produced in Russia - the main elements (70’000 pieces!) in the Compact
Muon Solenoid (CMS) detector at the CERN Large Hadron Collider (LHC)




CERN - JINR co-operation for NICA Project

oy T Common R&D on accelerators:

A ! AN - Experimental studies of stochastic and electron cooling
of ion bunched beam @ LEIR and Nuclotron;
- Problem of electron clouds in cyclic accelerators
and ultra high vacuum technologies;
- Technologies of HV kickers and beam diagnostics of a
high sensitivity.

CERN-JINR 2010 co-operation
agreement signed

AlS and EVM systems:
AlIS - for JINR, EVM - for NICA
AlS: Administrative Information System
EVM: Earned Value Management

CERN NAA48 drift chambers as

contribution to the 7

. I T S — ”;/_
NICA.deteCtor complex. 1st school JINR-CERN on EVM: Dubna, Oct 2010
delivered to Dubna

2nd school JINR-CERN on EVM: Dubna, Oct. 2011



CERN — world biggest accelerator complex
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CERN accelerator complex,
working not only for LHC

ALICE LHCb

ISOLDE fed by
PSB proton beams;

1967 upgrade 1992.

Now HIE-ISOLDE
Project!!




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

An alchemical factory
for nuclear physics

Low-energy beams of radioactive
Isotopes - 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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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

CERN Technologies - Innovation

Medical imaging

Example: medical application

Accelerating
particle beams

,,,,,,,,

Tumour Target R

Workstation Grid
: - | S2MB/image: Data ¢
/ rainin, . Ve 78 R—
—— SZreeni:g < ‘@ﬁerwon ﬁ @
Charged hadron beam that _ | e [ o
loses energy in matter Large-scale computing (Grid) {g 25078 ver (AR

Grid computing for medical data management and analysis
44



CERN Technologies and Innovation

Example: Medical applications
Combining Physics, ICT, Biology and Medicine to fight cancer

Research

/_Tumour Leadership in lon
Target Beam Therapy now
_.%_- in Europe and
> £ \ Protons & ) Japan
' ' light ions e
Acceleratlng partlcle 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)

Disease: PET Scan

feks 2
/“ Imaglng PET Scanner Brain Metabolism in Alzheimer’s

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

@‘ Detectlng partchIes

7



Scientists at CERN

Academic Training Programme

Young Researchers

CERN School of High Energy Physics
CERN School of Computing

CERN Accelerator School

Physms Students |
Summer Students _ Schools
Programme . ; T Lo SPCARM [nternational and National

’ Programmes




CERN Teacher Programme

CERN Teacher Programme Participants 1998 - 2010
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MEMBER STATES

AUSTRIA
BELGIUM
BULGARIA
CZECH REPUBLIC
DENMARK
FINLAND
FRANCE
GERMANY
GREECE
HUNGARY

ITALY
NETHERLANDS
NORWAY

POLAND
PORTUGAL
SLOVAKIA

SPAIN

SWEDEN
SWITZERLAND
UNITED KINGDOM

3622}
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OBSERVER STATES
INDIA

ISRAEL

JAPAN

RUSSIA 8
TURKEY

USA 51

14

N
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OTHERS

AUSTRALIA
AZERBAIJAN

CHINA
CROATIA
ECUADOR

GHANA 2
IRELAND 3
KAZAKHSTAN 3
KENYA 1
LATVIA 1
LEBANON 1
MALTA 36
MEXICO 5
MONGOLIA 1

B

MONTENEGRO
MOZAMBIQUE
QATAR
ROMANIA
RWANDA

SAO TOME
SAUDI ARABIA
SERBIA
SINGAPORE

SLOVENIA
SOUTH AFRICA
SWAZILAND
THAILAND
F.Y.R.O.M.
UALE.




Distribution of Summer Students 2011

|

MEMBER

STATES 122
AUSTRIA g
BELGIUM
BULGARIA
CZECH REPUBLIC
DENMARK
FINLAND
FRANCE
GERMANY
GREECE
HUNGARY

ITALY
NETHERLANDS
NORWAY
POLAND
PORTUGAL
SLOVAKIA

SPAIN

SWEDEN
SWITZERLAND
UNITED KINGDOM 11
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NON-}\]EI\!BER STATES
OBSERVER 39 # ARGENTINA BRAZIL

ESTONIA MALTA
GHANA MEXICO
GIBRALTAR NIGERIA
HONG KONG OMAN
ICELAND PAKISTAN
IRELAND PHILIPPINES
JORDAN 3 ROMANIA
KAZAKHSTAN RWANDA
MADAGASCAR SAUDI ARABIA

SERBIA
SINGAPORE
SLOVENIA
SOUTH AFRICA
THAILAND
TUNISIA
F.Y.R.OM.
VIETNAM

STATES ARMENIA CANADA

) AUSTRALIA CHINA
INDIA AZERBAIJAN COLOMBIA
ISRAE'L 5 BAHRAIN CROATIA
JAPAN s L CUBA
RUSSIA — CYPRUS
TQRKEY BOSNIA & ECUADOR
USA HERZEGOVINA 1 EGYPT
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@ Science Bringing Nations Together
N/

oromotion of contacts between
tists, students, engineers....”
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