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LARGE HADRON COLLIDER

14 TeV proton-proton collider : 
Installed in the LEP 27 km tunnel, to produce the events needed to study the 
"Standard Model" of particles, to understand the "Mass“, Higgs boson  and more..

Exploration and discovery machine
2 general ATLAS and CMS detectors, each checking the results of the other
Can look beyond the “Standard Model”  and perhaps discover a "new physics"

ATLASCMS
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CMS DETECTOR - 1
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CMS DETECTOR - 2
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ATLAS DETECTOR - 1
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Internal trackers

determine the trajectory of electrically charged particles

Calorimeter

It consists of an electromagnetic calorimeter (green) and a 
hadronic (liquid argon) calorimeter (red).

It measures the energies of charged and neutral particles

Muon detector

It consists of a multitude of muon chambers.

It allows the trajectory of muons to be determined

Magnets

It consists of a solenoid (which is located between the internal trackers 
and the calorimeter), a barrel composed of 8 toroidal coils and 2 endcap 
magnets

It allows the trajectory of the particles to be curved to allow their 
characterization
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ATLAS DETECTOR - 2
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DETECTOR MAGNET DESIGN

Two main types of large, superconducting detector magnets: 

solenoids (e.g., ALEPH and CMS at CERN) and toroids (e.g., ATLAS at CERN).

Br = 0, 

B = B0

Bz = 0

Y

X

Z

Bx = 0

By = 0

Bz = B0Bz

J

+ Very good momentum resolution

at large angle, compact and efficient 

structure.

- Requires an iron yoke, inefficient 

for small-angle particles.

+ No field along the axis, magnetic field 

always transversal to the particle momentum, 

low fringe field,  best momentum resolution at 

low angle.

- Very inhomogeneous magnetic field, high 

peak field on the conductor, complicated 

magnet structure.
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LHC DETECTOR MAGNETS…THE TWO GIANTS !

CMS
Largest Solenoid

4T, 2.7 GJ, 7m dia, 12m long

ATLAS TOROIDS

Largest field volume – 8200 m3 self 

contained field (no yoke) open structure

4T peak field, 1.55 GJ, 20 m dia, 25 m long
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End Cap 

Toroid

(8 coils,

4 T peak, 

250 MJ,)

Barrel Toroid

(8 coils,4 T peak, 

1080 MJ)

25 m5 m

2.5 m5 m

10 m

5 m

ATLAS magnet system

Central Solenoid

(2 T, 39 MJ)

ATLAS COILS
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Etudes, suivi de 
réalisation, des tests 
et de l’installation
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Ecole d’Eté DSM – 6 juin 2007 - P. Védrine

BARREL TOROID MAGNET COMPONENTS …AN EUROPEAN JOURNEY

8 coil casings

56 km of superconductor

16 coil windings

8 vacuum vessels

8 col masses

8 thermal screens
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INTEGRATION & TESTS FROM 2002 TO 2005 IN CERN ASSEMBLY HALL 180 
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LAST COIL INSTALLED…AND BARREL TOROID TESTED

Descent of 8th Barrel Toroid coil

(4 August 2005)

Barrel Toroid completed

(September 2005)
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6 m

12.5 m

Solenoid
(4 T, 2.7 GJ, 220 t)

Yoke
(Barrel: 6000 t, 
End Cap Disks: 2x2000 t)

CMS SOLENOID
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Etudes, suivi de 
réalisation, des tests 
et de l’installation
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MANUFACTURING AND ASSEMBLY
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COLD MASS TILTING – 350 T –INSERTION IN BARREL YOKE
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On 4 July 2012, the ATLAS and CMS 
experiments at CERN's Large Hadron Collider 
announced they had each observed a new 
particle in the mass region around 125 GeV.

On October 8, 2013, Peter Higgs and Francois 
Englert won the Nobel Prize in Physics for 
their work on the Higgs boson

HIGGS BOSON DISCOVERY
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BUT ABOVE ALL A GREAT HUMAN ADVENTURE...
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WITH GREAT TEAMS...PHYSICISTS, ENGINEERS AND TECHNICIANS WORKING TOGETHER
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