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uniting people b

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

QO 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, Slovak Republic, Spain, Sweden, Switzerland and

United Kingdom

Associate Members in the Pre-Stage to Membership: Cyprus, Serbia, 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;
2 European Union, JINR and UNESCO




Science Is getting more and more global

ber 2018

Distribution of All CERN Users by Nationality on 21 Septem
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MEMBER STATES

Austria

Belgium 116 \

Bulgaria 87 H oo ©

Czech Republic 249

Denmark 66

Finland 114

France 872

Germany 1376

Greece 241

Hungary 77

Israel 66 i

Ttaly 2099 3

Netherlands 173

Norway 67 “ 7 ‘¥ -

Poland 362 ) 4 o £ -

Portugal 126 ¢ . :"W "

Romania -_ R - S TR N

: . . .
CERN: 184 staff, 87 fellows, 18 doctoral and 12 technical students N

d \ - v
Switzerland 226 -,
United Kingdom 810

ASSOCIATE MEMBERS

India 385

Lithuania 43 TI1 W oruers 1962 - _—

Pakistan 68 Bosnia & Herzegovina 2 El Salvador 1 Kazakhstan 8  Montenegro 12 Saint Kitts LEYROM. 2

Turke 160 Afghanistan 1 Brazil 135  Estonia 15 Kenya 1 Morocco 24 and Nevis 1 Tunisia 5

urkey 6 gl . ST i 3 ! s

Ukraine 115 Albania 3 Burundi 1 Georgia 46 Korea Rep. 184 Myanmar 2 San Mﬂl no 1 Ulllglh_ly 1
Algeria 15 Cameroon 1 Ghana 1 Kyrgyzstan 1 Nepal 9  Saudi Arabia 2 Uzbekistan 3
Argentina 27 Canada 174  Hong Kong 1 Latvia 3 New Zealand 5 Senegal 1 Venezuela 11

ASSOCIATE 112 Armenia 21 Chile 21  Honduras 1 Lebanon 25 Nigeria 2 Singapore 5 Viet Nam 9

MEMBERS IN Australia 34 China 559  Iceland 4 Luxembourg 3 North Korea 3 South Africa 49  Yemen 1

THE PRE-STAGE Azerbaijan 9 Colombia 45  Indonesia 10 Madagascar 3 Oman 3 Sri Lanka 12 Zambia 1

TO MEMBERSHIP Bangladesh 9 Croatia 41 Iran 53 Malaysia 16 Palestine 8  Sudan 2 Zimbabwe 2

Cyprus 23 Belarus 49 Cuba 16 Iraq 1 Malta 8 Paraguay 1 Swaziland 1

Serbia 58 Benin 1 Ecuador 6 TIreland 16 Mexico 86  Peru 7  Taiwan 53

Slovenia 31 Bolivia 4 Egypt 28  Jordan 2 Mongolia 2 Philippines 3 Thailand 28




Spain and CERN

Espaﬁa @ C E R N Personnel return and contribution by primary nationality 0111201

: i Nermalized
P e rS O n n e | Country Staff members Fellows Doctoral students Technical students Admin. students . -.op s
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Spain and CERN

ESpana @ CERN Principal Applied Principal

Personnel I physicist Mechanical
. 0 Engineer
1170 Spanish working @ CERN Engineer o 1

16%
Applied Physicist

. 16%
Electronics

Engineer
1%

Electrical
Engineer
5%

Computing
Engineer
51%

Companies 238
Users 471




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

13.8 Billion Years

1028 cm

7
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A Scientific Stratégy In response to its leading role
In High Energy Physics-

l

- Full exploitation of the'LHC:
Successful Run 2, LS2/ and Run 3 start-up.
Upgrade of LHC Injectors; on-track construction of HL-LHC.

Scientific diversity programme serving a broad community:
ongoing experiments and facilities at Booster, PS, SPS and their upgrades.
participation in accelerator-based neutrino through CERN Neutrino Platform.

- Preparation of CERN fature:
Vibrant accelerator R&D programme exploiting CERN strengths and
uniqueness.
Design studies forfuture accelerators: CLIC, FCC (includes HE-LHC).
Future opportunities of diversity programme: “Physics Beyond Colliders”.

*update of the European Strategy for Particle Physics in 2019-2020.



Futures Accelerators: 3 vectors of R&D!
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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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Accelerating particle Detecting pérﬁdés Large-scale

@‘ beams computing (Grid)



Accelerating Science and Innovation

LEP Control Room - 1989
B LHC Control Room - 2007

Pushing Technology breakthroughs!



Accelerating Science and Innovation

Pushing Technology breakthroughs!



Accelerating Science and Innovation

@) Pushing Technology breakthroughs!



) Consolidating workshop uniqueness!
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The Worldwide LHC Computing Grid

ahout 160)

Tier-0 e >170 sites in,
(CERN and Hungary): 42 countries
data recording, = |/ =@ SARA-NIKHEF
1 Netherlands
el 21 i® 750k CPU cores
istribution L
Oxfordshire, UK
800 PB of storage
] FNAL |
Tier-1: permanent Barcelons, Spain Batava, I
storage, reprocessing, S CINDRS 7 .
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

o

Scientists at CERN _w i EnETay-

Academic Training Programme

~ SanJuan del RiOgV

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

Undergraduates

Summer Students
Programme

_ CERN Teacher Schools

\\ f"
Aidy *’ﬁ* ‘m— International and National
. Programmes

12 Spanish Students/year

--" I

Public visitors __— =
@‘ 120 thousand per year 531 Spanish teachers trained!

7



Spanish Traineeship Programme

] FTEC (Formacion en las TEcnologia del CERN)

Offering young engineers and physicists to develop a specialization in technologies

of accelerators, detectors and associated infrastructures, in fields such:
» Superconducting and resistive magnets,
 Power converters and their associated electronics,

. c 3rd FTEC Workshop
* Cryogenics and vacuum technologies, L —
» Electronics for detectors, including radiation tolerance. A i

267 candidates for 20 hired. cmprg e -
317 candidates for 15 hired.

215 candidates for 18 hired.

Call launched recently.

El CERN: hoy, manana, ¢ con vosotros...?

GOBIERNO MINISTERIO ) - Centro de Investigaciones
DE ESPANA DE CIENCIA, INNOVACION Cremalt . v
Y UNIVERSIDADES v Tecno
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Spain and CERN @)

Scientists in Spain have made very important contributions to the advance of Particle
Physics in general and have maintained a strong involvement in CERN

Strong participation in the LHC experimental programme

ATLAS, CMS, LHCb and ALICE
1 Institutions
%% - CIEMAT
ALICE g _ S g ,
ff\\ A B I e ol f’/"—‘J/
illgséitUtions LJ”‘%?,[ e : 5 Institutions
- IFIC I3 A - CIEMAT
- - Univ. Autbnoma de Madrid e D

- Univ. Autbnoma Madrid
- Univ. Oviedo

- Univ. Cantabria

- Grupo de Ingenieria
Electronica

(Universidad de Sevilla)

- Instituto de Microelectronica de Barcelona

3 Institutions
@ - Univ. Barcelona
- Univ. Santiago de Compostela
- IFIC

Spain also actively participates in most European Grid activities and hosts the PIC, one of the leading European
centres in Barcelona (Tier-1 for ATLAS, CMS and LHCb, 3 distributed TIER-2 centres)



Historical Contribution from Spanish companies and
institutions to the CMS detector

70/250 Muon Drift Tube > - e VE_B." v/ N v A 4
chambers construction . 52, o TS ~ / CMS cavern construction by
(CIEMAT) Dragados S.A. (Spain) and Seli (Italy)
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electronics: 250 i o) sy, Y 2l S o L .
Minicrates. 1500 N g /M RGN T & Manufacturing of 2 hadronic
ROB boards, 60 S mRT e Wb i @ &l b (RS wedge calorimeters (Felguera
ROS, etc. (RTINS | ") e A Gsme) ‘J.‘ 8 Construcciones Mecdnicas S.A.

(Barros, Spain))
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£ Link Alignment S8 O\ Ny , L4
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and electronics ¥l S Gl CMS Point 5 (SX5) by &
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& (Zaragoza, Spain)
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. production and assembly, cabling, optical fibers, etc.

&2, 2 ) . - B TR
i\ A ;- - - = i3 ST NP7, G




pmm Desintegracion beta (IDS, TAS,..)
F® Excitacion Coulombiana (MINIBALL+ CD + SPEDE)
rmm Reacciones de transferencia (T-REX, Scattering Chamber)

Propiedades Electromagneticas (COLLAPS, CRIS,
NICOLE)

Haces polarizados (VITO, COLLAPS) :
Masas (ISOLTRAP) |
Interacciones Fundamentales (WITCH) L 5
EHl Aplicaciones

MEDICIS

Materiales (muestras) I!" ':H:;:ti
Scienciassse {a vida (muestra BIIJTO) (
= Y - | o '

& COLLAPS Travelling
setups

Camara de Mylil‘\IIBALL
dispersion T-REX, SPEDE

Haces Post-acelerados (5.5 MeV/u) = Exp. de baja energia (30-60kV) = Maquina



& Spain and CERN @)

Generation of vigorous R&D activities in forefront technologies with the
objectives of creating breakthrough and returns to industry.

*CELLS, Coordination of the EuroCirCol WP4 Cryogenic beam vacuum system
conception (CELLS, CERN, CIEMAT, INEN, KIT, STFC) and Study beam-induced
vacuum effects.

* CIEMAT, participation on EuroCirCol WP4/5: conceptual design for cryogenic beam
vacuum system; study accelerator dipole magnet design options. Common coil
magnet design, key performance indicators, dipole magnet cost model.

« Consortium Project association between ICMAB, IFAE and CELLS : evaluate the
use of high temperature superconducting coated conductors tapes for the
beam screens (low surface impedance and high superconducting properties).

First FCC-hh beam screen prototype
Testing 2017 in ANKA within EuroCirCol




Spain and CERN

The Industrial Returns evolution is strongly linked with the on going Projects at
CERN and therefore varies between years.

Figures below show respectively the expenditures in Spain and the Return
Ratios for Supplies and Industrial Services.

Spain has been above optimum returns in the last 6 years for Industrial
Services and for the Supplies.

Industrial Services

Supplies

38.4 MCHF in 2018




Spain and CERN

HVAC Systems

SM18 EXTENSION - ARCECLIMA

Scope: supply, installation, testing and commissioning of the HVAC, the hot
distribution network and the smoke extraction systems.

2 I S

4-;"'\l ]
B107 Project — SADES S.A.

Scope: supply, installation, testing and commissioning of the HVAC system
(including air treatment and heat recovery of polluted air), the chilled/hot water
system, the hot/cold domestic water system and the smoke extraction system.




Spain and CERN

HVAC Systems

The B311 PROJECT - ARCECLIMA

Scope: supply, installation, testing and commissioning of the HVAC, the
chilled water, the hot and superheated water, the compressed air, hot/cold
domestic water, the flreflghtlng and the coollng systems.

gag‘ﬁg

BAF3 Ventilation SADES S A

Scope: supply, installation, testing and commissioning of the HVAC,
the chilled water and the smoke extraction systems.

Air diffuy
.

Hall ventilation




Spain and CERN

Electrical Sytems Electrical maintenance
contract

Electrical and cabling
mstallatlon contract




Spain and CERN

Electrical Sytems

B771 — Electrical installations (2017)
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Spain and CERN

Security Systems

 Accelérateur de scien

Accelerating Science i g
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Spain and CERN

Infrastructures & Civil Engineering

New LHCb Control Room (TOP PROYECTOQOS)

Cw
\
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Spain and CERN

Infrastructures & Civil Engineering
LHCb Assembly Hall (20

LHCD,

Offices and Laboratories (2015)

ContracS

CE/RW
\
NS




Spain and CERN

Superconducting Magnets
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Spain and CERN @)

Normal conducting Magnets

PS Booster magnet coils (ELYTT ENERGY)
N e

o

PS Booster magnet bores
(NORTEMECANICA S.A)




Spain and CERN W)

Vacuum Technology




3 Spain and CERN

Detector Technologies

Manufacturing of 2 hadronic wedge calorimeters
for CMS Detector (Felguera Construcciones
s, Spain))

B . . :
e M Z— = ¢ h : Custom cables assembly
CMS cavern construction by Dragados s = = £ SINTERSA S. A.
S. A. (Spain) and Seli (Italy) —

L (= ! ' th o N — — = Board assembly and specific validation
2 Cranes of 80 T at CMS Point 5 (SX5) by = . e tests at IMPELEC S. A.
TAIM WESER S. A. (Zaragoza, Spain)

Custom MTP splitter

Moreover, material procurement for:
FIBERCO S. A.

Muon Drift Tube chambers,
Mechanics material, welding and
assembly,

Electronics components purchasing

",

Cabling, optical fibers

' . ‘ PCB fabrication at : . Board layout at
Large variety of instrumentation LABCIRCUITS S. A. DISELEC S. A.
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Spanish participation has increased over years to unprecedented levels:

With more than 470 Spanish citizens in the payroll, 470 Physicists using CERN
Experiments and a total of 1170 Spanish collaborating with CERN.

Spain is positioned to make the best use of its position of 5" Contributor:

With an extensive use of all CERN training programs complemented by the benefits
of the Spanish Trainee program (FTEC), an example of “on-the-job” training.

Leading roles of National Institutes in CERN Study programs allow Spain to be
present in the earlier stages, occupying position towards the future, a clear
competitive advance for its Industry of Science.

Collaborating with CERN has lot of advantages for Industry, in terms of image
as being associated to the scientific and technological excellence but also
in terms of technological opportunities.

And Industrial Returns which amounts to 38.5 MCHF in 2018!
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