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The CERN accelerator complex
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20 member states + observers (USA, Russian Federation, JapanΧΦύ
Some 2500 staff members and 8000 visitors



The Large HadronCollider
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The LHC is installed in a 27km long tunnel, 
~100m underground. It is designed to supply 7 
TeVproton on 7 TeVproton collisions to 4 
experiments, as well as heavy ion collisions

The machine is made-up of 8 arcs and 8 
ΨƭƻƴƎ ǎǘǊŀƛƎƘǘ ǎŜŎǘƛƻƴǎΩ Φ н ŎƻǳƴǘŜǊ-
rotating beams are injected into the LHC 
from the SPS at 450 GeV. They are then 
accelerated in the LHC and put into 
collision



Superconducting magnets in the LHC
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There are 1232 main dipoles (14.3 m 
length each) for beam bending and
398 main quadrupolesfor beam 
focussing, plus more than 6000 
correctors to preserve beam quality in 
space (emittance) and energy 
(chromaticity)

Main dipoles use superconducting 
Rutherford cables (Cu-clad Nb-Ti) circulating 
ммΩллл ! ŀƴŘ ƎƛǾƛƴƎ ŀ ƴƻƳƛƴŀƭ ŦƛŜƭŘ of 8.33 
Tesla operating in superfluidhelium at 1.9K 
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LHC Sector - Vacuum
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Why does the LHC need a beam vacuum?
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¢ƘŜ ŎƛǊŎǳƭŀǘƛƴƎ ŎƘŀǊƎŜŘ ōŜŀƳǎ ƛƴŘǳŎŜ ΨƛƳŀƎŜ 
ŎǳǊǊŜƴǘǎ Ψƛƴ ǘƘŜ ǾŀŎǳǳƳ ŎƘŀƳōŜǊ ǿŀƭƭǎΦ ¢ƘŜǎŜ 
cause resistive heat loads and can impact on 
beam stability. 
This means that the chamber (also called 
beampipe) needs a low electrical resistivity

High-energy protons colliding with residual gas 
particles can be lost by nuclear scattering. This 
limits beam lifetime and causes heat load on 
cryogenics.
LHC defined a 100h beam lifetime limit, giving a 
Ǝŀǎ ŘŜƴǎƛǘȅ ƻŦ Җ мȄмл15 H2 molecules m-3 or a 
pressure at room temperature of ~1x10-8 mbar.

Interactions near to the experimental collisions 
ŀƭǎƻ ŎŀǳǎŜ ōŀŎƪƎǊƻǳƴŘ ΨƴƻƛǎŜΩ ŦƻǊ ǘƘŜ ŘŜǘŜŎǘƻǊǎ
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15th April 2010 R.Veness: LHC Vacuum Challenges 9

First documented pressure bump in the ISR 
E. Fischer/O. Gröbner/E. Jones  18/11/1970

current

pressure

Ion induced desorption:
Residual gas can be ionisedby the beam. 
These ions are then accelerated towards the 
wall, where they impact and can release gas 
from the surface.
Electron and ion desorption are described by 
their respective desorption yields, which are 
functions of the chamber wall material and 
treatment

Synchrotron radiation photons produced by 
the circulating beams impact the vacuum 
chambers causing a direct heat load, desorb
gas from surfaces and cause the emission of 
photo-electrons. Electrons can be accelerated 
by the charged proton beam and cause 
secondary electrons to be emitted when they 
impact the walls.


