


CERN: Acelerando Ciencia e 

Innovación



El laboratorio en física de partículas más grande del 
mundo

Presupuesto anual
1366 MCHF

Personal

2660 Personal
770 Fellows
520 Estudiantes
13039 Utilizadores
2000 Empresas

externas

Financiación externa
de los experimentos



CERN Como Colaboración
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CERN
uniendo pueblos

Investigación

Las Misiones del CERN

 Empujar las fronteras del conocimiento
Ej.: los secretos del Big Bang …¿como era la materia durante los 
primeros momentos de existencia del Universo?

 Desarrollar nuevas tecnologías en 
aceleradores y detectores
Tecnología de la Información - la Web y la GRID

Medicina - diagnosis y terapia

 Entrenar los científicos e ingenieros 
del mañana

 Unir gentes de países y culturas diferentes 



Investigación & 

Descubrimientos
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From individual theoretical physicist idea…. 

1964 1964-2012

…to collective innovation



Discovery 2012, Nobel Prize in Physics 2013

The Nobel Prize in Physics 2013 was awarded jointly to François 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”.



Y nuestro Premio Principe de Asturias



The Standard Model

Weak

Strong

E&M



Standard Model

Only 4%
is ordinary (visible) matter

The DARK Universe 

96%
• 73% Dark Energy

• 23% Dark Matter  

DARK …. MATTERS ! 



Tecnología



Las Herramientas

2. Detectores : Instrumentos 

gigantes que graban las trazas 

de las partículas

1. Aceleradores: Máquinas 

capaces de acelerar partículas 

a energías extremadamente 

altas y hacerlas colisionar 

3. Ordenadores : Recogen, 

almacenan, distribuyen y analizan 

enormes cantidades de datos 

producidos por los detectores



CERN’s scientific diversity programmeCERN accelerators

AD: Antiproton Decelerator for antimatter 

studies 

AWAKE: proton-induced plasma wakefield 

acceleration

CAST, OSQAR: axions

CLOUD: impact of cosmic rays on aeorosols 

and clouds  implications on climate

COMPASS: hadron structure and 

spectroscopy  

ISOLDE: radioactive nuclei facility

NA61/Shine: heavy ions and neutrino targets

NA62: rare kaon decays

NA63: radiation processes in strong EM fields

NA64: search for dark photons 

Neutrino Platform:  𝛎 detectors R&D for 

experiments in US, Japan

n-TOF: n-induced cross-sections

UA9: crystal collimation~20 experiments, 

> 1200 physicists 



LHC: el acelerador más grande del mundo
27km de túnel 100 
bajo tierra

Miles de imanes 
superconductores
(1.8 x 109 km de 
filamentos 
superconductores) 

Ultra vacío:
10x más vacío que 
en la Luna

El lugar más frío del 
Universo:
-271° C



4 Experimentos: 

CMS Collaboration: 

51 Countries, 229 Institutes and 

4488 members

ATLAS Collaboration: 

38 Countries, 232 Institutes and 

5500 members

ALICE Collaboration: 

41 Countries, 176 Institutes and 

over 1800 members

LHCB Collaboration: 

19 Countries, 83 Institutes and 

1339 members

the coopetition



Los detectores más grandes y más sofisticados

18

E =  mc2

Catedrales de la 
ciencia
100m bajo tierra

600 millones de 
colisiones/s 
detectadas
Por cientos de 
millones de sensores

Miles de 
colaboradores



Análisis de Datos

individual

physics

analysis

batch

physics

analysis

detector
Event Summary 

Data (ESD)

raw

data

event

reconstruction

event

simulation

event filter

(selection &

reconstruction)

processed

data

Analysis Object Data (AOD)

(extracted by physics topic)



LHC (Large Hadron Collider)

14 TeV  proton-proton accelerator-collider built in the LEP tunnel

Lead-Lead  (Lead-proton) collisions
1983 First studies for the LHC project

1988 First magnet model  (feasibility)

1989 Approval of the LHC by the CERN Council

1996-1999 Series production industrialisation

1998 Declaration of Public Utility & Start of civil 

engineering

1998-2000 Placement of the main production contracts

2004 Start of the LHC installation

2005-2007 Magnets Installation in the tunnel

2006-2008 Hardware commissioning

2008-2009 Beam commissioning and repair 

A 27 km circumference collider…

2010 - 2035 Physics exploitation

2010 – 2012 Run 1 ;7 and 8 TeV

2015 – 2018 Run 2 ; 13 TeV 

2022 – 2024 Run 3 (14 TeV)

2025 – 2027 HL-LHC installation
2027 – 2035… HL-LHC operation



HL-LHC: Pushing the technology! 



2025 – 2027 Long shutdown (LS3)

US57

UPR57

PC IT
PCs IT Trims

DFX

DSHX

DFHX

CDBs

PIC,BIS

QDS

CLIQ
Warm Diodes

DCM

OC PCs
D1 PC

Cold Diodes

OC EE

DSHM

D2 PC

D2 OC EE

Cold box

CDBs

DFM

DFHM

DQHDS

Valve box

D2 OC PCs

RF Powering

UW57

Underground Civil Engineering Excavation work to 95% completed!

Cooling and 

Ventilation



2025–2027 Long shutdown (LS3)

SC Links

D1
DFX

CP
Q3

Q2b
Q2a

Q1

Service gallery (UR)
Connection to LHC (UL)

TAXS

DFM

DFHM DFHX

Crab cavities
D2

Collimators

TAXN

Service cavern

UA gallery

Q4

(BBLR)

http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Japan-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-Kingdom-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-Kingdom-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-Kingdom-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html


A vibrant R&D on breakthrough technologies!
Fundamental role of Colliders
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Hadron Colliders
Electron-Proton Colliders
Lepton Colliders
Heavy Ion Colliders

Colliders with 

superconducting 

arc magnet 

system

Colliders with 

superconducting 

RF system

Colliders with 

superconducting 

magnet & RF



Comprehensive cost-effective program maximizing physics opportunities
• Stage 1: FCC-ee (Z, W, H, t ҧt) as Higgs factory, electroweak & and top factory at highest luminosities

• Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with ion and eh options

• Complementary physics

• Common civil engineering and technical infrastructures

• Building on and reusing CERN’s existing infrastructure

• FCC integrated project allows seamless continuation of HEP after HL-LHC 

FCC-hhFCC-ee

The FCC integrated program inspired by 

successful LEP – LHC programs at CERN



2011 circular Higgs factory proposal

2013 
ESPPU

2014 FCC 
study kickoff

2012 Higgs discovery announced

2018 FCC CDR

2025/26
Feasibility proof

2020 
ESPPU

>2040 first
ee collisions

2020 FCCIS 
kickoff

2026/7 
ESPPU

>2030
start tunnel
construction

>2036 
machine
installation

today

2028 approval

>2030 - 37 
element production

>2026 - 30 full 
technical design

2025/26
Financing model
Operation concept

2020 2025
FCC Feasibility Study

FCCIS H2020 DS 

The FCC Road map



Formación



Actividades educativas del CERN

Científicos en el CERN
Programa de enseñanza académica

Jóvenes investigadores
Escuelas de física de altas energías
Escuela de computación
Escuela de aceleradores

Estudiantes de física
Programa de estudiantes de 
verano

Escuelas para profesores EM
Programas internacionales y nacionales

Escuela Latín 
Americana

Escuela de física de 
altas energías 
Europa
Asia-
América

CERN School of 
Physics 



Technical
Student

Summer 
student

Doctoral 
Student

Technical
Trainee

Admin 
Student

TraineeFellow

Actividades formativas del CERN



Esta es una presentación colectiva con contribuciones de decenas de personas. 

Cooperando hasta lo imposible se consigue

Bienvenidos al CERN


