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International Organization based in Geneva

Mission:
science: fundamental research in particle physics (discoveries, e.g. Higgs boson, Nobel prizes)
technology and innovation > transferred to society (e.g. the World Wide Web, medical applications)
training and education

bringing the world together: ~ 17000 scientists, > 110 nationalities
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Samuel Ting,
Nobel prize, 1976
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CERN staff member T. Berners-Lee,
inventor of the WEB, with Kofi Annan
and CERN DG Luciano Maiani

Carlo Rubbia,
Nobel prize, 1984 &



CERN was founded in 1954: 12 European States
(One of the founding fathers: Edoardo Amaldi)

Today: 22 Member States

22 Member States: Austria, Belgium, Bulgaria, the Czech Republic, Denmark, Finland, France,

Germany, Greece, Hungary, Israel, , the Netherlands, Norway, Poland, Portugal, Romania, Slovakia,
Spain, Sweden, Switzerland and the United Kingdom

8 Associate Member States: Cyprus, India, Lithuania, Pakistan, Serbia, Slovenia, Turkey, Ukraine

6 Observers to Council: Japan, Russia, USA, EU, JINR/Dubna, UNESCO
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e ~ 2300 staff, 3700 in total on payroll
- ~ 13000 users from all over the world gaid o

3 Budget (2018) ~1100 MCHF (on average: ~ 1 cappuccino/year per European citizen):
. each Member State contributes in proportion to its income.
o . ltaly: ~10.5% (~ 120 MCHF) -> return ~ 45 MCHF in industrial supplies and services
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MEMBER STATES

Austria

Belgium

Bulgaria

Czech Republic 244
Denmark 67
Finland 1
France 868
Germany 1342
Greece 237
Hungary 76

67
Poland 350
Portugal 127
Romania 134
Slovakia 124
Spain 447
Sweden 85
Switzerland 228
United Kingdom 771

ASSOCIATE MEMBERS

India
Lithuania
Pakistan
Turkey
Ukraine

ASSOCIATE
MEMBERS IN
THE PRE-STAGE
TO MEMBERSHIP
Cyprus

Serbia

Slovenia

OBSE!

Japan

orHers 1872

Afghanistan
Albania
Algeria
Argentina
Armenia
Australia
Azerbaijan
Bangladesh
Belarus
Benin

Bolivia
Bosnia & Herzegovina
Brazil
Burundi
Cameroon
Canada
Chile
China
Colombia
Croatia
Cuba
Ecuador
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CERN: 307 staff, 169 fellows 44 doctoral + 26 technical students
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Kazakhstan

Lebanon
Luxembourg
Madagascar
Malaysia
Malta
Mauritius
Mexico
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Mongolia
Montenegro
Morocco
Myanmar
Nepal

New Zealand
Nigeria
North Korea

Philippines
Saint Kitts
and Nev
Saudi Arabia
Senegal
Singapore
South Africa
Sri Lanka
Sudan
Swaziland

Thailand
TEYR

Venezuela
Viet Nam
Zambia
Zimbabwe

Science is
becoing more
and more global
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Age distribution of scientists working at CERN

Female scientists: ~ 12% overall .
They were ~ 4% in 1995. I Only ~10% of the students stay in

particle physics.
Where to the others go?

> 3000 PhD students
in the LHC eXperI ments What type of organisation do you work in?

= ndustry

A%Q = University
‘  Research Institute
¥ Gout. / Intemational Org.
= Other

Which domain do you work in?

= Computing

65

= Consulting

= Physics

® Engineering

® Finance
¥ Communications
® Others
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| CERN/JINR
European School
of HEP

Maratea 2018

; e A Asia-Europe-Pacific school:
CERN education activities Jaoan 2012, India 2014

China 2016, Vietnam 2018

For young researchers, physics/engineering students,
high school students, school teachers
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And ~1BOOOO visitors every year

(> 60% are high-school students; ~ 80% come from > 700 km away)

BraZ|I 2011, Peru 2013,
Ecuador 2015, Mexico

PHYSlCS AND ITS APPLICATIDNS
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Study the elementary particles (e.g. the building blocks of matter: electrons and quarks) and the
forces that control their behaviour at the most fundamental level

Electron = Proton

Nucleus Neutron

1010 m 104 m 1015 -1018 m

Particle physics at modern accelerators allows us to study the fundamental laws of nature
on scales down to smaller than 1018 m

—> insight also into the structure and evolution of the Universe

k% from the very small to the very big ...




I380000 years13.7 Billion Years

| 1028 cm




proton

beams

Accelerators ‘

RIS

colliding - study fundamental constituents of matter
protons > produce (new) heavy particles
- collision energy = temperature of universe 10-12 s after Big Bang

interacting
quarks

production
and decay of
a new particle




The Large Hadron Collider (LHC): the most powerful accelerator ever
Q 27 km ring, 100 m underground
L operation started in 2010 - exploration of new energy frontier

On 4™ July 2012, ATLAS and
CMS announced the discovery of
a new particle: the Higgs boson

Italy, through Istituto Nazionale di
Fisica Nucleare (INFN), Universities
and industry, contributed in a very
significant way to the four
experiments, the accelerator and
the computing infrastructure.
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Accelerator:

0 1232 high-tech superconducting magnets

(built by Alstom, Ansaldo and Babcock-Noell)
O magnet operation temperature: 1.9 K (-271 °C)
- LHC is coldest place in the universe

L number of protons per beam: 200000 billions

L number of turns of the 27 km ring per second: 11000

L number of beam-beam collisions per second: 40 millions
O collision “temperature”: 1016 K
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Detectors:

size of ATLAS: ~ half Notre Dame cathedral
weight of CMS experiment: 13000 tons
(more than Eiffel Tour)
number of detector sensitive elements:
~100 millions
cables needed to bring signals from
detector to control room: 3000 km
data in 1 year per experiment: ~10 PB (20
million DVD; more than YouTube, Twitter)







%l LHC built to address outstanding questions in fundamental physics

1 What is the origin of the masses of the elementary particles
quarks, electrons, ... ) ? - related to the Higgs boson ¢/

95% of the universe is unknown (dark): e.g. 25% dark matter
Why is there so little antimatter in the universe ?

What are the features of the primordial plasma permeating the
universe ~10 us after the Big Bang ?

Are there other forces in addition to the known four ?

Etc. etc.




Discovery 2012, Nobel Prize in Physics 2013
| -

Note: a world without Higgs boson would
be very strange. Atoms would not exist
—> universe would be very different
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The Nobel Prize in Physics 2013 was awarded jointly to Frangois 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”.



l_. Italy and CERN & ‘

Italy has a strong tradition in particle physics and is a founding member of CERN

Edoardo Amaldi (Secretary General 1952-1954)

Directors General: Carlo Rubbia, Luciano Maiani, F. G.

Many Italian scientists in other important leading roles

Nobel prize: Carlo Rubbia

~ 2600 Italian scientists involved today in projects at CERN (out of ~17000)
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INFN (Istituto Nazionale di Fisica Nucleare),
Universities, and industry: crucial intellectual and s o e ——
and technological contributions to the LHC i 151 LAC PROTOTYPE - MBAMAA  EME Buropa el
E.g. Ansaldo built 1/3 of the high-tech dipole magnets

~ 1100 Italian firms in the CERN supplier database
Returns (industrial purchases): up to 110% of contribution in LHC construction period; today 25-40%



Will the Higgs boson change our life ?

It already has !



Complex, high-tech instruments needed in particle physics = cutting-edge technologies developed at

CERN and collaborating Institutes - transferred to society

Examples of applications: medical imaging, cancer therapy, solar panels, material science, airport
scanners, cargo screening, food sterilization, nuclear waste transmutation, analysis of historical relics,
etc. etc. ... not to mention the WEB ...

Protons
light ions

protons

Particle accelerators: ~30°000 worldwide, of which ~17°000 used for medical applications
E.g. Hadron Therapy: > 50000 patients treated in Europe (14 facilities for protons, only two for Carbon ions)
CNAO (Centro Nazionale Adroterapia Oncologica), Pavia

Brain Metabolism in Alzheimer’s
Disease: PET Scan

@ Imaging

e.g. PET scanner (based on CERN
technology) is main cancer
diagnostic technique since 2000




CNAO, Pavia
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2000 patients treated since 2011 with protons
Local control of disease 70-80%
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The usefulness of “useless” knowledge (Abraham Flexner, US educator, 1939)

| |deas and creativity are the fuel of progress: without new, revolutionary ideas,
progress sooner or later stagnates.

Fundamental research is the one that mostly stimulates ideas and creativity, because

it is curiosity-driven, with no constraints from profit or delivery of specific products

History shows that often major breakthroughs come from fundamental research, e.g.
U quantum mechanics - transistors
O relativity > GPS

Perhaps most importantly, knowledge (as the arts) is among the highest expressions

of human beings as clever beings - it is justified by its intrinsic value.
“Nati non foste a viver come bruti, ma per seguir virtute et conoscenza”, D. Alighieri, Inferno, XXVI

In the 1970s, Bob Wilson, founder of Fermi National Accelerator Laboratory, lllinois
(the second biggest accelerator laboratory in the world, after CERN), asked by US Congress
“What will your lab contribute to the defense of the US 7?7, replied:

“Nothing, but it will make it worth defending”







