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LHC
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ATLAS

CMS

LHCB

ALICE

7 years of construction 

to replace :

LEP: 1989-2000

Åe+e- collider

Å4 experiments

Åmax. energy 104 GeV 

Åcircumference 26.7 km

in the same tunnel by 

LHC : 2008-2020+

Åpp & ion-ion collider

Å4+ experiments

Åenergy 7 TeV 



LHC overview
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Tunnel depth 70-140 m



LHC Layout
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Ç 8 arcs (sectors)

Ç 8 long straight 

sections (700 m 

long):

IR1 to IR8

Ç 2 separate vaccum 

chambers

Ç beams cross in 4 

points

J. Wenninger - ETHZ - December 2005 5

IR6: Beam 

dumping system

IR4: Radio frequency 

acceleration

IR5:CMS

experiment

IR1: ATLAS

experiment

IR8: LHC-B

experimentIR2: ALICE

experiment

InjectionInjection

IR3: Collimation IR7: Collimation



ATLAS detector
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CMS detector
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The LHC challenge

2
5

.0
5

.2
0
0

9
L

H
C

 S
ta

tu
s
 -

P
la

n
c
k

0
9

 -
P

a
d

o
v
a

,I
T

8

The LHC surpasses existing accelerators/colliders in 2 aspects :

Ç The energy of the beam of 7 TeV that is achieved within the size constraints 

of the existing 26.7 km LEP tunnel.

LHC dipole field 8.3 T

HERA/Tevatron ~ 4 T

Ç The luminosity of the collider that will reach unprecedented values for a 

hadron machine:

LHC pp ~ 1034 cm-2 s-1

Tevatron pp 3x1032 cm-2 s-1

SppbarS pp 6x1030 cm-2 s-1

Very high field magnets and very high beam intensities:

üOperating the LHC is a great challenge.

üThere is a significant risk to the equipment and experiments.

A factor 2 in field

A factor 4 in size

A factor 30

in luminosity



LHC stored energy challenge
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Increase with respect to existing accelerators :

ÅA factor 2 in magnetic field

ÅA factor 7 in beam energy

ÅA factor 200 in stored beam energy



To set the scale
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As an indicationé

Few cm long groove on an SPS 

vacuum chamber from the impact of 

~1% of a nominal LHC beam during 

an incident:
Ç vacuum chamber ripped open.

Ç 3 day repair.

The same incident at the LHC implies 

a shutdown of > 3 months.

Ç The 11 GJ of enery stored in the magnets are sufficient to heat and melt 

15 tons of Copper (~1.7 m3).

Ç The 350 MJ stored in each beam correspond to ~90 kg of TNT.

Plasma-hydrodynamic simulations indicate that the beam will drill a ~30 m long    

hole into Copper.



Dipole magnet challenge
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Ç 1232 dipole magnets.

Ç 15 m long.

ÇMagnetic field 8.3 T @ 1.9 K.

Ç 2 magnets-in-one design : two beam tubes 

with an opening of 56 mm.



Super-conducting magnet quench
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Ç A āquenchó is the phase transition from the super-conducting to the normal 

conducting state.

ÇQuenches are initiated by an energy in the order of few mJ

ï movement of the superconductor (friction and heat dissipation),

ï beam losses,

ï cooling failures, 

ï any other heat sources...

ÇWhen part of a magnet quenches, the conductor becomes resistive, which 

can lead to excessive local energy deposition due to the appearance of 

Ohmic losses. To protect the magnet:

ï the quench must be detected.

ï the energy in the magnet /electrical circuit must be extracted.

ï the magnet current has to be switched off within << 1 second.

An energy density of  ~1 mJ/cm3 is sufficient to destroy super-conductivity 

in a magnet (quench) : a local loss of 1 ppm of the beam is sufficient ! 



Collimation (1)
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A 4-stage halo cleaning (collimation) system is installed to protect the LHC 

magnets from beam induced quenches.

Ç A cascade of more than 100 collimators is required to prevent the high energy 

protons and their debris to reach the superconducting magnet coils.

Ą the collimators must reduce the energy load into the magnets due to particle lost 

from the beam to a level that does not quench the magnets.

Operating the LHC beams is ~ 1000 more critical than TEVATRON. 



Collimation (2)

2
5

.0
5

.2
0
0

9
L

H
C

 S
ta

tu
s
 -

P
la

n
c
k

0
9

 -
P

a
d

o
v
a

,I
T

14

1 mm

~3-5 mm 

The collimator opening corresponds 

roughly to the size of Spain !



LHC Commissioning
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First dipole lowered 7th March 2005
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Transport in the tunnel with an 

optically guided vehicle

Approx. 1600 magnets to be transported 

over up to 20 km at 3 km/hour



3 km long cryostats
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LHC cool-down in 2008
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First cool-down of LHC sectors
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Cool-down time to 1.9 K ~ 4-6 weeks/sector

[sector = 1/8 LHC]

All sectors at 

nominal 

temperature

First beam around 

the LHC



Magnet Commissioning
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April to September 2008:

Ç Commissioning of the magnets & circuits (power converter, quench protection, 

interlocks..) following predefined test steps.

1ô700 circuits, 10ô000 magnets

Ç The initial target energy of 7 TeV had to be reduced to 5 TeV because of a large 

number of re-training quenches of the magnets from one of the three companies.

All magnets were trained to 7+ TeV on test stands. This typically requires a few 

quenches until the coils settle.

The magnets are then stored, moved to the tunnel and installed.

Assumption is usually that the magnets come back to their test stand performance 

with no or few quenches. Turned out to be wrong for one company!

Not understood !



September 10th - control (show) room
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