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In 2020 preliminary plans were approved to build a new supercollider at CERN, 
the European particle physics laboratory. The Future Circular Collider (FCC) 
will be housed in a new 100 km underground circular tunnel (1). The current 

27 km CERN tunnel, 100 m below ground, was made in the 1980s for the Large 
Electron Positron collider (LEP), which helped establish and refine the Standard 
Model of particle physics (2). It now contains the Large Hadron Collider (LHC).

Circular colliders use magnetic fields to steer and focus beams of charged 
particles (3). Increasing the collider radius reduces the field needed to steer the 
particle, and reduces energy losses (4). Superconducting magnets at the forefront 
of technology are needed to produce the magnetic fields (5, 6). 

Research at the LHC (7) uses high-energy collisions to produce and study 
particles (8). In 2012 it discovered the Higgs boson (9) in collisions between 
protons, each with energy 7 TeV (1 TeV = 1 × 1012 eV). The LHC also collides lead 
ions, producing quark–gluon plasma. The background image shows particle tracks 
from a collision between lead ions
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1 Location of the CERN tunnels, including the proposed FCC

6 Magnetic fields

Magnetic field Field strength B/T

Earth’s field From 3 × 10–5 to 6 × 10–5

Typical fridge magnet 5 × 10–3

LHC magnet 8.3

HL-LHC magnet Nearly 12

FCC magnet Over 16

3 Magnetic steering

A particle with charge q moving with speed 
v at 90° to a magnetic field B experiences 
a force F at right-angles to the field and its 
direction of motion:

F = Bqv (3.1)

This force deflects the particle into a circular 
path. The field needed to steer a particle 
of charge q and momentum p in a path of 
radius r is:

B = 
p
qr (3.2)

If v << c (the speed of light) then p = mv. For 
high-energy particles, a relativistic expression 
for momentum is needed, and:

B ≈ 
E

cqr
 (3.3)

where E is the particle’s energy. 
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7 LHC science goals

A possible explanation of why particles have mass involves the 
Higgs particle. Researchers aim to measure and understand its 
properties. 

A theory called supersymmetry predicts the existence of 
massive particles and could bring together theories of gravity 
and other fundamental forces. 

Particles of dark matter have not yet been detected, and 
physicists do not understand the ‘dark energy’ that accelerates 
the expansion of the universe. High-energy collisions might 
help solve the puzzle. 

Studies of particles and antiparticles at high energies might 
help explain why matter and antimatter were produced in the 
Big Bang, yet the universe is made entirely of matter. 

Studies of quark–gluon plasma help physicists understand 
conditions shortly after the Big Bang. 

AT A GLANCE

2 The Standard Model of particle physics

5 Superconducting magnets

In the LHC over 1000 superconducting electromagnets are 
cooled using liquid helium, reaching temperatures below 2 K 
and enabling them to carry large currents. 

4 Radiation losses

When charged particles accelerate, they radiate 
electromagnetic radiation with a power, P, proportional to 
the square of their 
acceleration. A particle 
mass moving at speed v 
in a circle of radius r has 
centripetal acceleration:

a = 
v2

r  (4.1)

So:

P ∝ 
1
r 2 (4.2)
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8 Creating particles

Einstein’s equation E = mc2 
describes the equivalence 
between mass and energy. 
To produce a particle of mass 
m, the combined energies of 
the colliding particles must 
exceed mc2. 
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9 The Higgs boson

The Higgs boson mass is equivalent to 125 GeV. The Higgs was 
identified by the energetic photons emitted when it decays. 

The LHC will reopen in 2021 after a major upgrade. In 2027, 
after a further upgrade, it will be known as the High-Luminosity 
LHC and will generate many more collisions. It is expected to 
continue making major contributions to science. 

For a virtual tour of the LHC, go to:
https://home.cern/resources/360-image/accelerators/virtual-tour-lhc

In the FCC, beams of electrons and positrons will be 
accelerated to 50 TeV, providing 100 TeV in collisions, which are 
expected to produce new insights into fundamental particle 
physics. Work on the FCC tunnel is due to start in 2038. Before 
then, CERN must raise at least £19 billion, and much detailed 
design and planning will be needed. 


