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Accelerating Science and Innovation

R.-D. Heuer, DPG                                                                     IFJ, Krakow, 14 Oct 2019

Science bridging Cultures and Nations  

CERN and SESAME



The role of Science:

– innovate, discover, publish, share

… but bridging cultures and nations?



The role of Science:

– innovate, discover, publish, share

… compete and collaborate



Cooperation: 

International/global scientific research provides successful modes 
for peaceful cooperation. 

Global Research projects show what mankind is able to achieve 
when working together coherently towards a common goal.

Cooperation needs to comprise developing, emerging and 
developed countries. We need to exploit all possible synergies. We 
need to bring the best brains from all regions together for the 
benefit of society.
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Accelerating Science and Innovation

CERN 

a Marvel of International Collaboration



CERN

Conceived late 1940s – two aims:
- Enable construction of a facility for (then) nuclear and (now) 

particle  physics research beyond the means of individual 
members 

- Foster cooperation between peoples recently in conflict
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CERN: founded in 1954 by 12 European States
“Science for Peace”
Today: 23 Member States

Member States: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, 
France, Germany, Greece, Hungary, Israel, Italy, Netherlands, Norway, Poland, 
Portugal, Romania, Serbia, Slovakia, Spain, Sweden, Switzerland, United Kingdom 
Associate Member States: Croatia, Cyprus, India, Lithuania, Pakistan, Slovenia, 
Turkey, Ukraine
Observers to Council: Japan, Russia, United States of America; European Union, 
JINR and UNESCO 

~ 3800 staff and other paid personnel
~ 13000 scientific users
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CERN
a European Intergovernmental Organization, globally used 

 an infrastructure belonging to all its member states

 an example of what Europe and its partners can achieve 
when they are working together

1954 European Reconstruction

1st Session of CERN Council 1980 The East Meets the West

Visit of delegation from Beijing 

Today The LHC brings together > 8000

scientists  and some 100 nationalities

Examples from the early days……………………





Science is getting more and more global
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The Mission of CERN

 Push back 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



Big Bang

Scientific Challenge: 
to understand the very first moments of our Universe 

after the Big Bang

Today
13.8 Billion Years

1028 cm

380,000 years



Atom
Proton

Big Bang

Radius of Earth

Radius of Galaxies

Earth to Sun

Universe

Hubble ALMA

VLT
AMS

Super-Microscope

LHC

The Large Hadron Collider Project = 
Super-microscope with four huge ‘eyes’ 
(highest energy accelerator with huge detectors)

getting closest to the Big Bang (≤10-12 s)
 breaking the wall of the Hidden Universe



The Standard Model

15Weak

Standard Model tested over decades with 
high precision.

However before LHC many crucial questions 
left open, in particular:
How do elementary particles acquire mass? 



The Standard Model

16Weak



The study of LHC data will allow us to address 
some of the key questions ... 

Will we find the particle(s) that make 
up the mysterious ‘dark matter’ in our 
Universe? And what’s ‘dark energy’?

Is the Higgs particle ‘responsible for giving 
mass’ to all elementary particles? 

Will we find the reason why antimatter and 
matter did not completely destroy each other? 

Will we understand the primordial state of matter after 
the Big Bang before protons and neutrons formed? 



at                Accelerating Science and Innovation

Large Hadron Collider (LHC) Project
• Largest scientific instrument ever built:

• particle accelerator of 27km circumference
some 100 m underground

• collides protons to reproduce conditions
a millionth of a millionth of a second after 
the birth of the Universe...

....40 million times a second 
• registers in four huge experiments what  

happens in these collisions 



at                Accelerating Science and Innovation

Large Hadron Collider (LHC) Project

To design and construct such a project
many thousands of  technicians, engineers and physicists      
from all over the world,
from many different disciplines,

had to develop new technologies, 
develop new engineering concepts,

had to work together over decades



We need:

The fastest racetrack on the planet…

Trillions of protons bunched in up to 2808 packets race around 
the 27km ring in opposite directions over 11,000 times a second, 
travelling at 99.9999991 per cent the speed of light.

They are kept on track by 1232 superconducting dipole magnets, 
15m long, 8.3 Tesla magnetic field



We need to create

One of the coldest places in the universe…

With an operating temperature of about -271 degrees 
Celsius, just 1.9 degrees above absolute zero, the LHC is 
colder than outer space.

It uses superfluid Helium to cool the magnets down to that 
temperature.



Capturing, Accelerating and Holding the Beam of Trillions of Protons

Up to 2808 packets of protons (pencils of sub-mm width at distance of 
7.5.m) with over 1011 protons per packet travel with a speed close to the 
speed of light.

During acceleration the energy of each beam has to increase by 
approximately 300 MJ within 20 minutes, during which time the protons 
travel a distance further than the round trip to the sun.

Energy stored in the two beams:  720 MJ   [ 6 1014 protons (1 ng of H+) at 7 TeV ]

700 MJ melt one ton of copper 

Feedback loops maintain position and stability of the packets of protons to 
high precision
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once we have mastered all the 
engineering challenges 
the accelerator is ready to go.
Now we want to do physics with these beams…..



proton 
beams

colliding 
protons

interacting 
quarks/gluons

production 
and decay of 
new particles

accelerator

proton 
collisions

detecting what
happened in
the collisions



in these collisions we deal with 

the hottest spots in the galaxy…

When two beams of protons collide, they generate 
temperatures 1000 million times hotter than the heart of the 
sun, but in a minuscule space.



LHC : a New Era in Fundamental Science

Four huge detectors register what happens in these 
collisions 
LHC ring:

27 km circumference

CMS

ALICE

LHCb

ATLAS

IFJ PAN: member in 
ATLAS, ALICE, LHCb

IFJ PAN: 
important partner for LHC



CMS ~3000 members from ~40 countries 

21m long, 15m diameter, weight 12500 tons, more than Eiffel tower (7300 tons) 
largest superconducting solenoid ever built (4T, 6m diameter, 12.5m length). 



Large International Collaborations

– a place where people learn to work together
– collaboration and competition
– diversity: good opportunity to recognize differences, 

accept them and learn to use them
– influence the way of thinking, planning at general level 
– information sharing: role of computing in 

internationalization and communication
– experience can be used by individuals and in other fields

management through ‘common goals’
management by ‘convincing partners’

Sociology
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ATLAS
~3000 members

~40 countries

Photo during the early construction phase,
all this empty space needs to be equipped with instrumentation……



….to arrive at the final detector

the whole volume is now filled 
with some 100 M sensors of
different  kinds, developed
in over 40 countries by over
3000 physicists and engineers,

arriving at an average 
measurement accuracy of 
0.1 mm over the entire volume

Protons collide inside 
this tube in the heart of 
the detector



Can this work ?

One billion pairs of protons interact per second.
In these collisions hundreds of billions of particles are produced 
every second, a very harsh environment.

We are looking for physics signals which are 10 to 11 orders of 
magnitude below the rate of all signals together. 

The number of human beings is of order 1010, the LHC 
detectors job is like trying to find the 1 person in all of humanity 
who meets a special set of criteria. 

…………and it works !



The study of LHC data will allow us to address 
some of the key questions ... 

Will we find the particle(s) that make 
up the mysterious ‘dark matter’ in our 
Universe? And what’s ‘dark energy’?

We found the Higgs particle that is 
‘responsible for giving mass’ to elementary 
particles…..

Will we find the reason why antimatter and 
matter did not completely destroy each other? 

Will we understand the primordial state of matter after 
the Big Bang before protons and neutrons formed? 



4 July 2012: announcement of the discovery
“CERN experiments observe particle consistent with 

long-sought Higgs boson”
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Discovery of a ‘Higgs-Boson’ :
48 years after theoretical prediction

Why ?

such experimental observations need
development of new forefront technologies 

Large-scale science projects and their 
research results need long lead times



All starts with Basic Research

Synergy between research and innovation results 
not only in societal and economic impact but also, 
and very importantly, in the creation of enhanced 
opportunities for further developments.

basic research ↔ innovation ↔ applied research



CERN

Conceived late 1940s – two aims:
- Enable construction of a facility for (then) nuclear and (now) 

particle  physics research beyond the means of individual 
members 

- Foster cooperation between peoples recently in conflict

SESAME

Conceived late 1990s – two aims:
- Enable construction of a facility for a broad range of  scientific 

research beyond the means of individual members
- Foster cooperation between peoples

How to achieve the broad range of scientific research……



- Broad programmes make synchrotron-light sources ideal 
facilities for building scientific capacity

- International collaboration is the obvious way for 
countries with  relatively small scientific communities 
and/or limited science budgets to build a synchrotron-
light source

- Synchrotron-light sources are user facilities: 
scientists will typically go there two or three times a year 
for a few days to carry out experiments, in collaboration 
with scientists from other institutions/countries 

There are some 60 light sources in the world -
Sesame is the first in the Middle East



SESAME (Synchrotron-light for Experimental 
Science and Applications in the Middle East)

SESAME is a synchrotron radiation facility in  Allan 
(Jordan)

1) to promote scientific and technical excellence in the 
Middle East and beyond (and in particular to enable and 
achieve the return of scientists and engineers from the 
region)

Synchrotron radiation allows research in many areas, e.g.
biology, physics, chemistry, archaeology, medicine, 
material science, environmental science, arts,…….

 Building scientific capacity



experimental
stations



Pakistan

SESAME is a synchrotron radiation facility in  Allan 
(Jordanien)

2) to build scientific and cultural bridges between different 
societies in the Middle East and beyond

aaa
International Cooperation 
as Example of 
Peaceful Cooperation



two experimental stations 
are active since 7/2018,

five more will follow in the 
next years



Since July 2018: 39 Experiments performed by 31 Groups 
from 9 countries

June 2019: first publication  
appeared, 5 as of today

September 2019: 
New Experiments 
being carried out



SESAME is the only accelerator lab world wide, 
powered solely by solar energy

Inauguration of the solar plant February 2019



(some) lessons learned

Science bridges Cultures

Acceptance of diversity is vital

Trust between people is a mandatory ingredient

Scientists can/should/must be ambassadors for 
peaceful cooperation

CERN and SESAME have become key examples for
Science Diplomacy………..



The role of CERN and SESAME:

– innovate, discover, publish, share

… and bring the world together
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