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Beam Me Up ð But Safely: Systems 

Engineering at the Energy Frontier



Science for peace
CERN was founded in 1954 with 12 European Member States

25 Member States
Austria ï Belgium ï Bulgaria ï Czech Republic 

Denmark ï Estonia ï Finland ï France ï Germany 

Greece ï Hungary ï Israel ï Italy ï Netherlands 

Norway ï Poland ï Portugal ï Romania ï Serbia 

Slovakia ï Slovenia ï Spain ï Sweden ï Switzerland  

United Kingdom

9 Associate Member States
Brazil ï Croatia ï Cyprus ï India ï Latvia ï Lithuania 

Pakistan ï Türkiye ï Ukraine

4 Observers
Japan ï USA ï European Union ï UNESCO 

CERNôs annual budget 

is 1200 MCHF (equivalent 

to a medium-sized European 

university)

~ 50 Cooperation Agreements 
Albania ï Algeria ï Argentina ï Armenia ï Australia ï Azerbaijan ï Bahrain ï Bangladesh ï Bolivia ï Bosnia and Herzegovina 

Canada ï Chile ï Colombia ï Costa Rica ï Ecuador ï Egypt ï Georgia ï Honduras ï Iceland ï Iran ï JINR ï Jordan 

Kazakhstan ï Lebanon ï Malta ï Mexico ï Mongolia ï Montenegro ï Morocco ï Nepal ï New Zealand 

North Macedonia ï Palestine ï Paraguay ï People's Republic of China ï Peru ï Philippines ï Qatar ï Republic of Korea 

Saudi Arabia ï South Africa ï Sri Lanka ï Thailand ï Tunisia ï United Arab Emirates ï Uruguay ï Vietnam

Employees:

2704 staff, 

1181 graduates and fellows 

Associates: 

12 406 users, 1401 others
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A laboratory for people around the world

Member States ( 7704)
Austria  88 ï Belgium 142 ï Bulgaria 49 ï Czech Republic 250 

Denmark  50 ï Estonia  27 ï Finland 88 ï France 856 ï Germany 1260 

Greece 101 ï Hungary  84 ï Israel 75 ï Italy 1657 ï Netherlands 174 

Norway 88 ï Poland 363 ï Portugal 110 ï Romania 110 ï Serbia 42

Slovakia 72 ï Slovenia 29 ï Spain 448 ï Sweden  103 ï Switzerland 409 

United Kingdom 1029

Associate Member States (602)
Brazil 141 ï Croatia 35 ï Cyprus 12 ï India 158 ï Latvia 22 

Lithuania 21 ï Pakistan 35 ï Türkiye 151 ï Ukraine 27

 

Observers (2330)
Japan 229 ï United States of America  2101

Distribution of all CERN Users by the location of their home institute

Geographical & cultural diversity

Users of 110 nationalities

23.7% women

Data as of 31 December 2024

Cooperation Agreements (1770)
Albania  7 ï Algeria  1 ï Argentina  17 ï Armenia  28 ï Australia  31 ï Azerbaijan  2 ï Bahrain  10 ï Canada 203 

Chile  58 ï Colombia  25 ï Costa  Rica  8 ï Cuba 3 ï Ecuador  4 ï Egypt  22 ï Georgia  36 ï Hong  Kong  17 ï Iceland  3 

Indonesia  8 ï Iran 18 ï Ireland  11 ï JINR 305 ï Jordan  2 ï Kazakhstan  8 ï Kuwait  2 ï Lebanon  12 ï Madagascar  1  

Malaysia  1 ï Malta 3 ï Mexico  66 ï Montenegro  4 ï Morocco  22 ï New Zealand  1 ï Nigeria  1 ï Oman  1 ï Palestine  1 

Peopleôs Republic  of  China  472 ï Peru 3 ï Philippines  1 ï Republic  of  Korea  184 ï Saudi  Arabia  4 ï South  Africa  73 

Sri  Lanka  7 ï Taiwan  49 ï Thailand  17 ï Tunisia  3 ï United  Arab  Emirates  14 ï Vietnam  1



Our goal is to understand the 

fundamental particles and laws 

of the universe.
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Simulation of the large-scale 

structure of the universe, 

showing dense clusters of 

galaxies, filaments, galactic 

walls and voids. 

Credit: Uchuu project.

Cosmic web of 

Dark Matter 

Decorated by Stars



Michael Turner
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Wide range of secondary 

hadron/lepton beams

Neutrons

Radioactive

Ion Beams
Antiprotons

Primary p and ions,

secondary beams of 

hadrons, leptons

CERNôs accelerator complex





E = 6.8 TeV

   = 6,800,000,000 keV

v=0.999999991c

LHC - protons

1.6e11 protons per bunch

2460 bunches per beam

4e14 protons per beam

430 MJ  - TGV at 170 kph



Linac4

ÅH- ion source at 95 keV

ÅAccelerates beam up to
160 MeV

Å80 ‘s of beam every 1.2 s



Booster

H- from Linac4

Protons to PS

PS Booster (1972)

Å Synchrotron with 4 superposed rings

Å Circumference 157 m

Å Proton energy 160 MeV to 2 GeV

Å 1.2 s cycle



The oldest operating 
synchrotron at CERN (1959)

Circumference of 628 m

Increases proton energy 
from 2 GeV to max. 26 GeV

Cycle length ranges from
1.2 s to 3.6 s

PS

Proton 
Synchrotron



SPS (Super Proton Synchrotron)  (1976)

Å6.9 km circumference 

ÅConventional warm magnets (2 T dipoles)

ÅAccelerates protons up to 450 GeV 

ÅServes the LHC, and North Area + HiRadMat and AWAKE



Electrons

Antiprotons Radioactive ion beams

Protons
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Beam 

dumps

RF
Collimation

Collimation

1720 Power converters
> 9000 magnetic elements
7568 Quench detection systems  
1088 Beam position monitors
~4000 Beam loss monitors

150 tonnes helium, ~90 tonnes at 1.9 K
400 MJ stored beam energy in 2025
1.3 GJ magnetic energy per sector at 6.8 TeV

LHC: big, cold, high energy

Injection B2

Injection B1



The LHC Cycle

18.05.2021 23

6.8 TeV

450 GeV

Time

Injection Ramp Squeeze 
& 

Adjust

Stable beams for physics Dump
& 

Ramp down

= Field in main magnets

= Beam 1 intensity (current)
= Beam 2 intensity (current)

20 mins 20 mins40 mins 0 to ~15 hours



To deliver the maximum number of collisions at the maximum 
beam energy for maximum physics reach

Aim of the Game
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LHC interaction point

25

100 m

4 cm



Collisions in the LHC

26LHC Page 1

1 Higgs every 2 seconds

real CMS event with a pile-up of Ḑ50

https://op-webtools.web.cern.ch/vistar/

