The LHC proton collider
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experiments layout
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Tiny bunches of counter-circulating protons.
Colliding head-on 40 million times each second:.»|




Collisions at LHC

7x10? eV Beam Energy
10%*cm?s'  Luminosity

2835 Bunches/Beam
10™ Protons/Bunch
i - ::‘7.5m (25 ns)
——————

7 TeV Proton Proton
colliding beams
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Accelerator challenges
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Relative to Tevatron (Fermilab, USA)
Energy (14 TeV) X 7
Luminosity (103*cm=s1) X 30

A Superconducting dipoles 8.3 Tesla
A Operating temperature 1.9K (-271 C)

A Stored energy per beam 350 M Joule
0 energy of a train of 400 tons at 150 Km/h

A More than 2000 dipoles
A 100 ton liquid helium
A LHC power consumption 120 MW
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Superconducting Coils

Spool Piece
Bus Bars

Quadrupole
Bus Bars

Protection
Diode

Helium-Il Vessel
Superconducting Bus-Bar
Iron Yoke

Non-Magnetic Collars
Vacuum Vessel

Radiation Screen

Thermal Shield

The
15-m long

Bus Bar Tube

Instrumentation

LHC cryodipole
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In the tunnel

Beam/delivery *
towards
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In the tunnel
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Alir pressure inside the two 27Km-long vacuum
pipes (1013 atm) is lower than on the moon.
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27 Km of magnets are kept at 1.9 °K, colder than outer
space, using over 100 tons of liquid helium.
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In a tiny volume, temperatures one billion times
hotter than the center of the sun.

CMS Experiment at the LHC, CERN

Datarecorded: 2009-Dec-14 03:51:28.667244 GMT
Run: 124120

Event: 6613074

Lumi‘section:

Qebit?

Crossinge




The Experiments
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Gl A ATLAS V19T
Forward Calorimeters
End Cap Toroid
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General Purpose:
pp, heavy ions

Shielding

Detector characteristics

Width:  22m
Diameter: 15m
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Largest, most complex Study tiniest particles
detectors ever built with incredible precision

(people)
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World-wide collaborations

%’ 38 Nations
~3500 physicists

__________________________________________________________________
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i ll!! General purpose LHC experiments
Advanced detectors comprising many layers, each designed
to perform a specific task.

Together these layers allow to identify and precisely measure
the energies of all stable particles produced in collisions.

Photons,
Electrons,
Muons,
Quarks
(as jets of particles)
Neutrinos
(as missing energy)
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Design guided by physics
Search and measure the Higgs boson
Search and measure Supersymmetry

Search for any other new physics at high p+
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ATLAS: A Toroidal LHC ApparatuS
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Two concepts

CMS: Compact Muon Solenoid

Hight: 15 m
Length: 22 m
Weight: 12500 t

Hight: 25 m
Length: 40 m
Weight: 7000 t
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Exploded view of the CMS detectors

CALORIMETERS

ECAL Scintillating PboWO, HCAL Plastic scintillator
Crystals

‘ P brass.
, il sandwich

Total weight : 12,500 t

Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

IRON YOKE
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Silicon Microstrips Co— iy~
Pixels E
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Y strips

Drift Tube Resistive Plate Cathode Strip Chambers (csQ
Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)
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CMSDETECTOR

STEEL RETURN YOKE ( :M S D t t
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS e eC O r

Overdl diameter : 15.0m Pixel (100x150 em) ~16m2~66M channels
Overdl length :287m Microstrips (80x180 em) ~200m2~9.6M channels
Magneticfield :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resstive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resigtive Plate Chambers

PRESHOWER
Silicon gtrips~16m2~137,000 channels

FORWARD CALORIMETER
Seel + Quartz fibres~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PoWO4crystals

HADRON CALORIMETER (HCAL)
Brass+ Plagtic scintillator ~7,000 channels
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ATLAS detectors

Muon Detectors

Toroid Magnets

Tile Calorimeter

Liquid Argon Calorimeter

Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Detection of hadrons, e*, gand p*

S
Muon
e Electron
Charged Hadron (e.g. Pion)
- = = - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

Electromagnetic

}”' Calorimeter
Hadron
Calorimeter

Transverse slice
through CMS

Superconducting
Solenoid
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Iron return yoke interspersed
with Muon chambers

.......

24




1993-2008: detector R&D and constru
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Superconducting cable

Al stabilized NbTi conductor.

Mechanically reinforced conductor to contain
magnetic forces.

. Sccable
© ST23983898132848
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d at 3.8 Tesla
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ATLAS Toroidal System
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