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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"

CMS BET e T T ATLAS Large Hadron Collider at CERN

Circumterance 26.7 km (16 6 mies)
Proton Beams

Expenmental Hall
(Collision point) #:

Detector for CMS experiment

Proton Injector

Tunnel ¢cross
section

Detector for
ATLAS expenment
(displaced for clarity)
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CMS DETECTOR - 1

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Owerzll diameter : 15.0m Pixel {100x150 ym) ~1m?* ~66M channels
Overalllength ;287 m Mizostrips (30x180 ym) ~200m* ~9.6M channels
Magnetic field :3.8°T

SUPERCONDUCTING SOLENOID
Niobium titzninm coil carrying ~18,000A

MUON CHAMBERS
Barrel; 250 Drilt Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 876 Resistive Dlate Chambers

PRESHOWER
Silicon strips ~1dm?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibzes ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER { ECAL)
~76,000 scintillating PbW O, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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CMS DETECTOR - 2
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ATLAS DETECTOR - 1

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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ATLAS DETECTOR - 2

Commissariat a I'énergie atomique et aux énergies alternatives

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




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).

+ Very good momentum resolution + No field along the axis, magnetic field
at large angle, compact and efficient always transversal to the particle momentum,
structure. low fringe field, best momentum resolution at
low angle.
- Requires an iron yoke, inefficient - Very |r_1homogeneous magnetic fle|.d, high
. peak field on the conductor, complicated
for small-angle particles.

magnet structure.
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m 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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ATLAS ColLs
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ATLAS magnet system
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BARREL TOROID MAGNET COMPONENTS ...AN EUROPEAN JOURNEY
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LAST COIL INSTALLED...AND BARREL TOROID TESTED

T <—20,5 = nominal
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CMS SOLENOID
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CoOLD MASS TILTING — 350 T —INSERTION IN BARREL YOKE
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HIGGS BOSON DISCOVERY

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.
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On October 8, 2013, Peter Higgs and Francois
p T ) Englert won the Nobel Prize in Physics for
Re T : e v thei k on the Higgs b

2 pl G eir work on the Higgs boson
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BUT ABOVE ALL A GREAT HUMAN ADVENTURE...




WITH GREAT TEAMS...PHYSICISTS, ENGINEERS AND TECHNICIANS WORKING TOGETHER
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