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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 moments of the Universe’s existence?

 Develop new technologies for 
accelerators and detectors

Information technology - the Web and the GRID

Medicine - diagnosis and therapy

 Train scientists and engineers of 
tomorrow

 Unite people from different countries 
and cultures

The Mission of CERN
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From Cosmic Rays to CERN

CERN set up in 1954 to study these particles in detail

Discovered a century ago …

… cosmic-ray
showers were 
found to 
contain many
different types
of particles …



The matter particles

The Standard Model of 

Particle Physics

The fundamental interactions

Gravitation electromagnetism     weak nuclear force strong nuclear force

= Cosmic DNA



United Kingdom and CERN / 

May 2009 6

Big Bang

Today

13.8 Billion Years (Planck Telescope)

1028 cm

NASA 

WMAP

Telescope

Scientific Challenge: 

to understand the very first moments of our Universe 

after the Big Bang



Atom
Proton

Big Bang

Radius of Earth

Radius of Galaxies

Earth to Sun

Universe

Hubble
ALMA

VLT
AMS

Study physics laws of first moments after Big Bang

increasing Symbiosis between Particle Physics,

Astrophysics and Cosmology

Super-Microscope

LHC
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Start-up of the Large Hadron Collider (LHC), one of the largest and truly 
global scientific projects ever, is the most exciting turning point in 

particle physics.

Exploration of a new energy frontier 
Proton-proton collisions at ECM = 14 TeV

LHC ring:
27 km circumference

CMS

ALICE

LHCb

ATLAS

CMS



The LHC Arcs
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Where do the masses 

come from?

Newton:

Weight proportional to Mass

Einstein:

Energy related to Mass

Neither explained origin of Mass

Are masses due to the Brout-Englert-Higgs (BEH) 

Mechanism & the Higgs Boson?

(the physicists’ Holy Grail)

Why do things weigh?



Number of scientists:                 ~3000

Number of institutes: 176

Number of countries: 38

The ATLAS Experiment





The Highlight of a Remarkable Year 2012



Nobel Prize in Physics 2013

The Nobel Prize in Physics 2013 was awarded jointly to François Englert
and Peter W. Higgs "for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of subatomic particles, and
which recently was confirmed through the discovery of the predicted fundamental
particle, by the ATLAS and CMS experiments at CERN's Large Hadron
Collider”.
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Astronomers tell 

us that most of the 

matter in the 

universe is 

invisible

We will look for it

with the LHC

Dark Matter in the Universe

Astronomers say

that most of the

matter in the

Universe is

invisible 

Dark Matter

‘Supersymmetric’ particles ?

We shall look for 

them with the 

LHC

Dark Matter in the Universe



~2023

2018

2013/14

2009 Start of LHC

Run 1: 7 and 8 TeV centre-of-mass energy,  luminosity  
ramping up to several 1033 cm-2 s-1, ~25 fb-1 delivered

>2035

LS3: High-luminosity LHC. New focusing magnets and CRAB 
cavities for very high luminosity with levelling

LS2 - Injector and LHC upgrades to go to ultimate luminosity

LS1: LHC shut-down to prepare machine for 
design energy and nominal luminosity  

Run 4: Collect data until >3000 fb-1

Run 3: Ramp up luminosity to 2.2 x nominal, reaching ~100 fb-1 / year 
accumulate few hundred fb-1

Run 2: Ramp up luminosity to nominal (1034 cm-2 s-1, ~50 to 100 fb-1) 
and centre-of-mass energy (13 and 14 TeV)

The Predictable Future - LHC Timeline



80-100 km tunnel infrastructure in Geneva area –

design driven by pp-collider requirements 

with possibility of e+-e- (TLEP) and p-e (VLHeC)

15 T  100 TeV in 100 km
20 T  100 TeV in 80 km

FCC Design Study

Kick-off Meeting:

12-14. February 2014

at Geneva University

•Establishing international

collaborations

•Set-up study groups and

committees
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Tunnel implementations  (laser 

straight)

Central MDI & Interaction Region
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Combining Physics, ICT, Biology and Medicine to fight cancer

Detecting particles

Imaging PET Scanner

Clinical trial in Portugal 

for new breast imaging 

system (ClearPEM)

Accelerating particle beams
~30’000 accelerators worldwide

~17’000 used for medicine

Hadron Therapy
Leadership in Ion 

Beam Therapy now 

in Europe and 

Japan

Tumour 

Target

Protons

light ions

>70’000 patients treated worldwide  (30 facilities)

>21’000 patients treated in Europe  (9 facilities)

X-ray protons

CERN Technologies and Innovation

Example – Medical Applications



Brazil and CERN /  September 2009 24 24

Breaking the Wall of Communication

26 years ago: the Web was born 

. . . and today ?
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GRID Computing
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 Experiments were anticipated 

to produce  about 25 Million 

Gigabytes of data each year 

(~30 million CDs!).

 LHC data analysis requires a 

computing power equivalent to 

~100,000 of today's fastest 

PC processors.

 => Requires many cooperating 

computer centres, as CERN can 

only provide ~20% of the 

capacity.

The LHC Data Challenge



The Worldwide LHC Computing Grid

Tier-1: permanent 
storage, re-
processing, 
analysis

Tier-0 
(CERN and 
Hungary): 
data recording, 
reconstruction and 
distribution

Tier-2: Simulation,
end-user analysis

> 2 million jobs/day

~250’000 cores

173 PB of storage

nearly 160 sites, 
35 countries

10 Gb links

WLCG:

An International collaboration to distribute and analyse LHC data

Integrates computer centres worldwide that provide computing and storage 

resource into a single infrastructure accessible by all LHC physicists



CERN Education Activities

Scientists at CERN
Academic Training Programme

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

Latin American School

Natal, Brazil, 2011

Arequipa, Peru, 2013
NEW:
Asia-Europe-Pacific School 

of High-Energy Physics 

Fukuoka, Oct 2012

India, 2014

CERN School of 

Physics 

Hungary, June 2013



CERN Teacher Programme
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Summer Students 2014
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CERN: founded in 1954: 12 European States

“Science for Peace”

Today: 21 Member States

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

States in accession to Membership: Romania, Serbia

Applications for Membership or Associate Membership:
Brazil, Croatia, Cyprus, Pakistan, Russia, Slovenia, Turkey, Ukraine 

Observers to Council: India, Japan, Russia, Turkey, United States of America; 
European Union, JINR and UNESCO 

~ 2300 staff

~ 1300 other paid personnel

~ 11500 scientific users

Budget (2015) ~1000 MCHF



Science is getting more and more global

CERN: 16 staff, 4 fellows, 1 doctoral and 2 technical students



They do not all stay: where do they go?

Today:

>2500 PhD students

in LHC experiments

Age Distribution of Scientists 
- and where they go afterwards

26

65



Slovakia and CERN

 Slovakia became CERN Member State in 1993

 Today research in particle physics is carried out mainly at 4 Institutes:

 Comenius University Bratislava

 Institute of Experimental Physics of the Slovak Academy of Sciences, 
Košice 

 Institute of Physics of the Slovak Academy of Science, Bratislava

 Šafárik University Košice

Concentrated effort to participate in the 

LHC experiments ALICE and ATLAS:

Membership from 

Comenius University and

Institute of Experimental Physics of the 

Slovak Academy of Sciences, Košice

Also participation in several fixed-target experiments – NA62, ISOLDE



Contributions to ALICE
16 members

TPC: Bratislava
Production and test 
of 26 readout 
chambers at 
Bratislava Detector 
Laboratory

Pixel detector:

Košice
Electronics for 
readout

Contributions to ATLAS
15 members

Tile calorimeter:

Bratislava
Iron tiles produced 

in Dubnica

Tile calorimeter in test beam

Lifting devices for calorimeter modules produced in Prešov

Electronics cards for LAr 

endcap calorimeter: 

Košice

Slovakia and CERN



Contributions to LHC project from Industry in Slovakia

Robots carry LHC magnets and 

align them with magnet support 

jacks made by ZŤS (Závody 

ťažkého strojárenstva) in 

Košice

Blue cryostat for 

LHC dipoles 

produced at SES 

(Slovenské 

energetické 

strojárne) in Tlmače

LHC award to ZTS

Slovakia and CERN



… and bring the world together



Thank You!

Ďakujem !

Accelerating Science and Innovation


