Science as a value system for a sustainable world
(CERN as an example)
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CERN the largest particle physics laboratory in the world

Intergovernmental organisation based in Geneva

Mission:

« science: fundamental research in particle physics - discoveries (e.g. Higgs boson in 2012), 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

®

Samuel Ting,
Nobel prize, 1976

Carlo Rubbia, i~y @ George Charpak,
| Nobel prize, 1984 R R Nobel prize, 1992
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WEB@30 celebration, 12 March 2019 at CERN,
with T. Berners-Lee, former CERN staff member




CERN was founded in 1954, in the aftermath of World War Il (i.e. after a crisis), with two goals:
O rebuild scientific research in Europe (= awareness that economic recovery also requires investment in science)
O foster peaceful collaboration among European countries (= awareness that science can break walls)

Main ingredients of CERN'’s founding Convention:

O scientific research of fundamental character with no military purpose

O results and information should be disseminated and made available to everybody (= open science!)
O promote international cooperation (= science for peace!)

QO training and education
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Revidierte Fassung

The Sixth Session of the CERN Council took place in Paris on 29 June—1 July 1953. It was here that the
was signed, subject to ratification, by twelve States.




CERN today |

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

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

-

10 Associate Member States: Croatia, Cyprus, Estonia, India, Latvia, Lithuania, Pakistan, Slovenia,
Turkey, Ukraine

O Observers to CounCII_\ Jaﬁmchusaan E‘Federatlon USA, EU, JINR/Dubna UNESCO
SRR i e ‘ J =1 "‘ |t | ]

—~ 50 International Cooperation Agreements: more and more developing countries (recent examples: *

Paraguay, Sri Lanka, Nepal) sign cooperation agreements with CERN and other research organisations
—> engaging internationally on fundamental research is part of their efforts towards development, N
building knowledge-based economies and strengthening relations with other countries
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Annual budget (2020) ~1200 MCHF (on average: ~ 1 cappuccmo/year per European C|t|zen)
Member States contribute in proportion to their income (NNI). Non-Member States contribute “a la carte”.



CERN'’s primary mission is SCIENCE

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

Quarks

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

- from the very small to the very big ...




Evolution of the Universe
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Large Hadron Collider (LHC): the most powerful accelerator ever

27 km ring, 100 m underground. Operation started in 2010 - exploration of new energy frontier

July 2012, ATLAS and CMS announced
the discovery of a new (very special!)
particle: the Higgs boson.

!

Nobel Prize in Physics 2013
awarded to Francois Englert
and Peter Higgs

A world without Higgs boson
would be very strange.

Atoms would not exist
- universe would be
very different




Accelerator:

O 1232 high-tech superconducting magnets
(built by Alstom, Ansaldo and Babcok-Noell)

—> a great example of research-industry partnership
magnet operation temperature: 1.9 K (-271 °C)
LHC is one of coldest places in the universe

number of protons per beam: 200000 billions

number of turns of the 27 km ring per second: 11000
number of beam-beam collisions per second: 40 millions
collision “temperature”; 1016 K
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Distribution of All CERN Users by Nationality on 9 December 2019

MEMBER STATES

7394

Austria 102
Belgium 116
Bulgaria 75
Czech Republic 223
Denmark 51
Finland 77
France 795

Germany 1225 S5 s & ‘ v ' A great example Of

Greece 220
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Norway 62 ~

Poland 328

Portugal 99

Romania 147

Serbia 49

Slovakia 130

Spain 428

Sweden 79

Switzerland 205

United Kingdom 761 OBSERVERS 2 572

i Japan 276
ASSOCIATE Russia 1154
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Age distribution of scientists working at CERN

< 50% of the young people
stay in particle physics:

1100

1000

900

800

700

600

500

400

300

200

100

27

At any given time: > 3 000 PhD students from
Universities all over the world
+ 1600 young people (technicians, summer

students, post-doc, etc.) trained by CERN
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where do the others go?

What type of organisation do you work in?

B |ndustry
B University
Research Institute
® Gowt. / Intemational Org.

Other

Which domain do you work in?

B Computing

® Consulting
Physics

B Engineering

Finance

Communications

B Others

Fundamental research prepares

them also for variety of jobs outside
the field



CERN'’s summer students (undergraduate) programme

Summer Students 2019 African Schools co-

organised by CERN:
South Africa 2010
Ghana 2012
g f ‘ o 4 Senegal 2014
MEBER ' : : | - a. Biiciis Rwanda 2016

w5 : ¥ Va Namibia 2018

Belgium
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Czech Republic : - > Y 3 AFRICAN SCHOOL OF FUNDAMENTAL
Denmark Ty ' PHYSICS AND ITS APPLICATIONS

Finland
France ; - KNUST, Kumasi, Ghana
Germany 2: Q ‘ 4 S wob.com
Greece
Hungary
Israel

Italy
Netherlands
Norway
Poland
Portugal
Romania
Serbia
Slovakia
Spain

July 15-Aug 04, 2012

s
in connection to APS2012, a dedicated Grd School will follow on August §-8, 2012

ICISES]\(/:SIIZ/{;%N Number of students is based on three prc : Member State, Non-Member State and Openlab summer student programme.
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Kuwait
Latvia
Lebanon
Libya
Madagascar
Malaysia
Malta
Mauritius
Mexico
Moldova
Montenegro
Morocco

Nepal 1 Tajikistan
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CERN-UNESCO schools on digital libraries

1 Aimed at providing skills for running digital library systems = improve access to information
for African researchers, increase global visibility of African research

1 Based on INVENIO open source digital platform developed by CERN
 Held so far in Rwanda, Morocco, Senegal, Ghana and Kenya

5th school: Oct 2018, University of Nairobi, Kenya:
attended by librarians from Kenya, Cameroon,
Somalia, Tanzania, Uganda, Zambia and Zimbawe.




Medical imaging (PET)

Brain Metabolism in Alzheimer’s

society free of charge: examples Disease: PET Scan

Hadron therapy (e.g. CNAO, Pavia)

CERN technologies transferred to
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Colour X-ray imaging
with CERN'’s electronics
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Sustainability and environment at CERN (examples)

CERN's first public Environment _
Report released in 2020, second Energy savings and recovery
one now
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Heat from LHC cooling towers used
to heat a nearby housing (8000 people)

Sets ambitious objectives
for the future, e.g. to reduce
GHG emissions by ~ 30% by 2024



What can scientific research do for society in the post-COVID era ?

Knowledge

Science is the fuel of progress. Without the innovative ideas and breakthroughs that come from scientific

research, progress sooner or later stagnates. History shows that major breakthroughs often come from fundamental
research. Electron microscope (also used to study the virus) would not exist without knowledge of quantum mechanics,
GPS would not work without knowledge of general relativity, medical diagnosis would not exist without X-rays.

Science gives us the knowledge and tools to address societal and planetary challenges.

Innovation
Science is a driver of innovation as it requires cutting-edge instruments and the development of new technologies

Collaboration across borders, disciplines and sectors

Today’s challenges are global and interconnected - require collaboration between countries, disciplines
and sectors (research, academia, private/industry, policy makers, etc.) and “holistic approach”.

Science is universal (as based on objective facts and not on opinions) and unifying - can play a key role in
connecting people and promoting collaborative work




Training and education

STEM jobs grow 3 times faster than any other job - scientific training is fundamental to prepare tomorrow’s workforce
In general: scientific education (problem-solving skills, analytical thinking, scientific method, evidence-based
assessment, etc.) is crucial to forming well-rounded citizens and increasing trust in science

Reducing inequalities
Technology and innovation grow fast in modern society - expectations are that majority of current jobs will disappear in

next 30 years (replaced by automation, machines, Al); “low-skill” jobs will disappear first
- Danger of increasing gap between developed and developing countries, rich and poor, those with and those without
access to education and technology - exacerbating inequalities - increasing political and social tension

To revert this trend:

O capacity building through scientific training and education accessible to all

O implant scientific facilities and tools in developing countries and provide the locals with the skills to operate and
improve them

O open science: open-source HW and SW, data sharing, publishing on open-access journals, open-access education
are crucial to spread knowledge around the world, reaching out in particular to people from less privileged regions

Scientific knowledge and scientific education accessible to all are fundamental to reduce inequalities




Conclusions

The COVID-19 crisis has shaken the world, revealing a societal system that is not sustainable
—> the “old normal” is not an option

We need to adopt a values-first approach and strive for a world where:

U there is strong, long-term commitment to knowledge and education for all

O the well-being of humanity and the preservation of the planet prevail

O collaboration, solidarity and inclusiveness override competition, rivalry and divides

0 a shared long-term vision wins out over individual or national short-term gain
O hope and trust supplant fear and despair

These are values at the foundation of science.
Promoting them is a task of responsible science.







Some of the outstanding questions in fundamental physics

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

vV

95% of the universe is unknown (dark): e.g. 25% is 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.



