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uniting people ¥

Research

0 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?

Brain Metabolism in Alzheimer’s
Disease: PET Scan

a Develop new technologies for
accelerators and detectors

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

0O Train scientists and engineers of
tomorrow

O Unite people from different countries
and cultures
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Member States: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland,

o France, Germany, Greece, Hungary, Israel, Italy, Netherlands, Norway, Poland,
Portugal, Romania, Serbia, Slovak Republic, Spain, Sweden, Switzerland and
United Kingdom

Associate Members in the Pre-Stage to Membership: Cyprus, Slovenia
Associate Member States: India, Lithuania, Pakistan, Turkey, Ukraine

Applications for Membership or Associate Membership:
Brazil, Croatia, Estonia

@‘ Observers to Council: Japan, Russia, United States of America;
A European Union, JINR and UNESCO



Science Is getting more and more global

Distribution of All CERN Users by Location of Institu

te as of mid-April 2019
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United Kingdom 1061 Cyprus 17 =
8141 Slovenia 24
41 OTHERS Canada Hong Kong Mexico : Singapore
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Argentina China Indonesia 6 Montenegro Sri Lanka
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Science Is getting more and more global

Distribution of All CERN Users by Nationality as of mid-April 2019

MEMBER STATES

8066

Austria 119

Belgium 120

Bulgaria 86 \
Czech Republic 233 T et
Denmark 62

Finland 96

France 864

Germany 1344

Greece 238

Hungary 79

Israel 65

Italy 2105

Netherlands 180

Norway 70

Romania
Serbia b
Slovakia 137
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Sweden 929 OBSERVERS 2726
Switzerland 229

Japan 310
Russia 1205
USA

United Kingdom 799

ASSOCIATE MEMBERS

India 387 778
L'lll}l‘m,nm ;9 OTHERS 1999 Bolivia 3 Ecuador 10 Iraq | Malta 9 Palestine 7 SUd}‘" 1
,P“}f':‘l“" ! Bosnia & Herzegovina 3 Egypt 27  Ireland 13 Mexico 85  Paraguay 1 Syria 1
F] ! F‘%y 165 Albania 4 Brazl 127 El Salvador 1 Jordan 2 Mongolia 2 Peru 6 Taiwan 56
Ukraine 116 Algeria 14 Burkina Faso 1 Estonia 15  Kazakhstan 10 Montenegro 11 Philippines 3 Thailand 26
Argentina 26 Burundi 1 Georgia 51  Kenya 1 Morocco 24 Saint Kitts Tunisia 4
ASSOCIATE 59 Anm‘nifl 22 Cameroon 1 Ghana 1 Korea 183 Myanmar 2 and chi_ s 1 Ul‘llglli_ly 1
MEMBERS IN Australia 36 Canada 170 Guatemala 1 Kyrgyzstan 1 Nepal 7 San Marino 1 Uzbekistan
THE PRE-STAGE Azel-b-uijam 10 (:hilc 21 Hong Kong 1 Latvia 74 New anland 5 S:audi Arabia 4 Venezuela 9
TO MEMBERSHIP Bahrain 1 China . 576 Honduras 1  Lebanon 27 Nigeria 4 Sgncgal 1 Viet Nam 11
Bangladesh 8 Colombia 44 Iceland 4 Luxembourg 4 North Korea 4 Singapore 5 Zambia 1
Cyprus 26 Belarus 45 Croatia 50 Indonesia 11  Madagascar 1 North Macedonia 3 South Africa 56 Zimbabwe 2
Slovenia 33 Benin 1 Cuba 16 Iran 58  Malaysia 22 Oman 3 Sri Lanka 10




Age Distribution of Scientists

- and where they go afterwards

What type of organisation do you work in?

Today: _
>3000 PhD students ety
In LHC experiments : resechintinte

B Gowt. / International Org.

® |ndustry

Other

Which domain do you work in?

® Computing

® Consulting

Physics

B Engineering

Finance

Communications

® Others




Our Scientific Challenge:
to understand the very first moments of our Universe
after the Big Bang

13.8 Billion Years

1028 cm
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Our Scientific Challenge:
to understand the very first moments of our Universe
after the Big Bang
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Discovery 2012, Nobel Prize in Physics 2013
) - -

3 -

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”.



Future of particle physu:s

iLegend ',’- ':;"
High Luminosity LHC until 2035 e ©0 (.
. Ten times more collisions than == & 7%""'*'
the original design S Gy 'y g
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Studies in progress: §1. ‘ "
Compact Llnear Colllder (CLIC) -' r s B

Future Circular Collider (Fcc) ((FES))
 New technology magnets -

100 TeV pp collisions in 100km ring
« e*e collider (FCC-ee) as 15t step?
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European Strategy for Particle Physics
* Preparing next update in 2020
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CERN: Particle Physics and Innovation

uniting people

Research

Q Interfacing between fundamental science and key
technological developments
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Acceleréting particle Detecting pérticls Large-scale
@‘ beams computing (Grid)




Medical Application as an Example of Particle Physics Spin-off
Combining Physics, ICT, Biology and Medicine to fight cancer

" @) Hadron Therapy

\Q:-.,r'
=

___Tumour Leadership in lon
/ Tarﬁet ¥ Beam Therapy now
__%‘ : in Europe and
. Protons \ Japan
light ions
Acceleratlng partlcle beams a protons
~30°000 accelerators worldwide >100’000 patients treated worldwide (45 facilities)
~17°000 used for medicine >50’000 patients treated in Europe (14 facilities)

“ I m ag I n g P ET Scan ner Brain Metabolism in Alzheimer’s

Disease: PET Scan

Clinical trial in Portugal, France
and Italy for new breast imaging
system (ClearPEM)

Detecting particles



The Worldwide LHC Computing Grid

ahout 160)

Tier-0 L >170 sites in,
(CERN and Hungary): 42 countries
data recording, = /. =@ o SARA-NIKHEF
1 Netherlands
T ) i® 750k CPU cores
istribution L
Oxfordshire, UK
800 PB of storage
i FNAL |
Tier-1: permanent Barcelons, Spain Batava, I
storage, reprocessing, CCINDRS
analysis i ' > 2 million jobs/day

Canada

INFN - CNAF  KISTI-GSDC

Bologna, Italy Daejeon, Rep. of Korea
Tier-2: simulation,

end-user analysis 35 GB/s global

transfers

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

. . . . 7‘\. _C?;:.?L:__?i' —— 4 =
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Academic Training Programme R Radé@,,&%%ﬁ Zat
{Purj; India, 2014, 5 ZARE
2016JE¢1ing; China !

ZOIICAOIT Nhon; Vietiaiis

Young Researchers

CERN School of High Energy Physics
CERN School of Computing
CERN Accelerator School

Undergraduates

Summer Students
Programme

= - CERN Teacher Schools
iy \’ﬁ*’ ’= International and National
- .~ Programmes

e A |

Public visitors __—
@‘ 135 thousand per year

7



CERN Teacher Programme

Teacher Programme Participants 1998 - 2018 (Total: 12320)

1200
1000
800
MEMBER STATES
Austria 246 600 i
Belgium 135
Bulgaria 683
Czech Republic 156 400
Denmark 291
Finland 540
France 408 200
Germany 1039
Greece 844 0
Hungary 517 PO QIO TP PP R ORD O > 0,0 AR
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Italy 937
Netherlands 199
Norway 140
Pl '

ortugal
Romz 3
Slovakia 303
Spain 598
Sweden 279
Switzerland 125
United Kingdom 1351

9898

ASSOCIATE
MEMBERS IN
THE PRE-STAGE
TO MEMBERSHIP

Cyprus 15
Serbia 83
Slovenia

OTHERS Burundi 2 Estonia 92  Lebanon 21  North Macedonia 13 Tanzania 1
Algeria 10 Cameroon 9 Georgia 154 Madagascar 2 Palestine 5 Thailand 19
ASSOCIATE Angola 7 Canada 14 Ghana 7 Malta 37  Philippines 2 Timor-Leste 9
MEMBERS Argentina 2 Cape Verde 4 Guinea Bissau 1 Mexico 83  Qatar 1 Uganda 3
. Armenia 3 Chile 3 Indonesia 3 Moldova 4 Rwanda 20 UAE. 1
Eli(tll;?l"mi'l ég OBRSERVERS Australia 9 China 2 Iran 12 Mongolia 1 SaoTome 7 Venezuela 1
Pukisi'm( 9 Japan 12 Azerbaijan 2 Colombia 2 Ireland 9 Montenegro 16 Saudi Arabia 1
Turke ¢ 327 Russia 408 Bahrain 2 CostaRica 4 Jordan 13 Morocco 2 Singapore 2
Ukmil};c 179 USA 116 Belarus 8  Croatia 81 Kazakhstan 14 Mozambique 22  South Africa 8
¢ Bosnia and Dominican Rep. 72 Kenya 4 Nepal 3 Sri Lanka 2
577 5 3 6 IIcrz.cgovina 6  Ecuador 2 Korea 49 New Zealand 4  Swaziland 1 1190
Brazil 231  Egypt 2 Latvia 62 Nigeria 1 Taiwan 1




Summer Students 2018

Belgium
Bulgaria
Czech Republic
Denmark
Finland
France
Germany
Greece
Hungary
Israel

Italy
Netherlands
Norwa
Polaae
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Portugal
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Slovakia
Spain
Sweden
Switzerland

ASSOCIATE
MEMBERS

India
Lithuania
Pakistan
Turkey
Ukraine

United Kingdom 1

25

12
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1
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ASSOCIATE
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Number of students is based on three p : M

Brazil
Burundi
Canada
Chile
China 1
Colombia
Costa Rica
Croatia
Cuba
Ecuador
Egypt
Estonia
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Georgia
Ghana
Guyana
Honduras
Indonesia
Iran

Iraq
Ireland
Jordan
Kazakhstan
Kenya
Korea
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Kosovo
Latvia
I.ebanon
Luxembourg
Malaysia
Malta
Mexico
Moldova
Montenegro
Morocco
Nepal

North Macedonia
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ber State, Non-Member State and Openlab summer student programme.

Oman
Palestine
Peru
Philippines
Puerto Rico
Qatar

Saudi Arabia
Singapore
Soudan
South Africa
Sri Lanka
Syria
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Tajikistan 1
Taiwan 1
Thailand 4
Tunisia 1
U.AE. 1
Uzbekistan 1
Venezuela 1
Viet Nam 3
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Portugal and CERN

Portugal joined CERN as a Member State in 1986

The Laboratorio de Instrumentacéo e Fisica Experimental de Particulas
(LIP) was created at the same time to carry out all activities related to
experimental particle physics, involving researchers coming from
universities as well as LIP’s own scientific staff

Strong participation in LHC (ATLAS, cms) and non-LHC (CLOUD, COMPASS,
ISOLDE, nTOF) programme and strong partner in the GRID

Strong participation in R&D programmes for medical application (Clear PEM,
PET consortium)

Training/Education:
o Excellent example of engineer training programme
o Very successful teacher training and outreach programmes

Very balanced approach between contributions at CERN and investments
at home and very good industrial relations



Contributions to the ATLAS and CMS
experiments at LHC

LIP is a member of ATLAS LIP is a member of CMS

ATLAS since 1992 EXPERIMENT since 1992

Major role in the construction of Major role in the construction of
the TileCal Hadron Calorimeter the Trigger and Data Acquisition of
and Trigger/Data Acquisition the Electromagnetic Calorimeter,
system, in collaboration with in collaboration with industry and

industry and technology institutes technology institutes
. .

A ~' ?.'Zs ’ g ,' R A_ =
Robot for fiber insertion. WLS optical fibers routing.
600 000 fibers inserted in Lisbon Fiber aluminization done in Lisbon
and later in Coimbra

Detector Commissioning and Operation
Data analysis Detector Commissioning and Operation

@‘ Data analysis






Safety Information for Visitors

Safety Is our highest priority

We are confident that you have read the Safety Information provided prior
to the visit and ask that you take the time to read the document placed
In front of you once more before embarking on the site visit.

By taking part in the site visit you are deemed to have understood and
accepted the Safety Information provided to you.

Please always follow the instructions given by your guide
and do not hesitate to ask if you have any questions.

Protocol Office

Service du Protocole




