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AD Antiproton Decelerator TF: ic Tes ili CNGS Cern Meutrinos to Gran Sasso  ISOLDE  Isotope Se

The Large Hadron Collider

CERN Accelerator Complex e Instantaneous luminosity

N;, N, = Number of hadrons per bunch

n = Number of bunches per beam

f = Resolution frequency

A = Beam cross section

e Integrated luminosity

. = Ldt

LHC Large Hadron Collider SPS Super Protol

rotron  PS Proton Synchrotron

e CoM energy: \/E

LEIR Low Energylon Ring LUINAC LUNear ACcelerator n-T



Magnet system

e At the LHC superconducting dipole
magnets are operated at B-field R—— Heat Exchanger Pipe
strength of 8.3 T over their full length .

o Forcing the particle beams to
follow the circular pipes

e Quadrupole magnets are used to
focus the beams

e The LHC magnets are made from
niobium-titanium (NbTi) cables.
e |LHC is operate at 1.9 K (-271.3°C)

15-m long
LHC cryodipole
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Event rates/cross sections

dt

Inelastic pp collisions
b-quark production

Jet production E;> 250 GeV
W->|v

top-quark production

Higgs bosons
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The ATLAS Detector

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiatfion tracker
Semiconductor tracker




Inner Detector

"R = 1082 mm
e Inner Detector build up by three types
of tracking detectors S
o Pixel <
o Semiconductor Tracker (SCT) P - LY
o Transition Radiation Tracker (TRT) < Y N\ TRT
e Dedicated to reconstruct trajectories of \_R =554 mm = 8 N
charged particles (tracking), charge [ Regig
identification and momentum s BRI
measurement R =371 mm

L R =299 mm

SCT

Pixels

R = 50.5 mm

R=0mm
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Calorimeter system

e ATLAS calorimeters use so called sampling
teChnique for energy measurements Tile barrel Tile extended barrel
o  Active material and absorber alternate
e EM calorimeter: = /
o Active medium: liquid argon
o Absorber: Lead

LAr hadronic
end-cap (HEC)
o 10%
= 4 / D 07% LAr electromagnetic
E E end-cap (EMECQ)

e Hadronic calorimeter:
o Active medium: scintillating plastic
o Absorber: Steel

LAr electiromagnetic

50% 100% barre!
i *©3% and 2E = —Z2 ©10%

VE E  VE

LAr forward (FCal)




Calorimetry
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Calorimetry
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Calorimetry
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Muon spectrometer

Thin-gap chambers (TGC)
& m Cathode strip chambers (CSC)

e The muon spectrometer measures the deflection

of the muon tracks in the magnetic field
o Based on gaseous detectors for precision
tracking and triggering
e Characteristics:
o Momentum resolution of 2-10% for muons
with a pT between 10GeV - 1TeV

o  Spatial resolution of 30 um

Barrel toroid

Resistive-plate
chambers (RPC)

/ End-cap toroid
Monitored drift tubes (MDT)
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Construction of muon chambers
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Magnet system

Toroids: barfel
o Field strength: 4T toroids

Solenoid
o Field strength: 2T

Responsible for bending
trajectories of charged

particles
o Enables measurement of
momenta V.

solenoid



Construction
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Trigger system

Trigger system filters out
potentially interesting events

©)

Reduces the data to a more
manageable amount

ATLAS Online Luminosity
& LHC Stable Beams
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Calorimeter deteclors

40 MHz

TileCal

Muon detectors
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High Level Trigger
(HLT) |Accept

Processors

Detector
Read-Out

Read-Out System (ROS)

Data Collection Network

DataFlow

Data Storage

Tier-0




Data taking
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Grid computing

e Raw data from the experiments are written to tape at the Tier-0 center at CERN.
o Afterwards the processed data is distributed to the various Tier-1 and Tier-2 centers.
m Users send their software around the globe rather than downloading it to local
facilities

Tier-2s and Tier-1s are

inter-connected by the general —;
purpose research networks
Tier-2

Tier-2

Any Tier-2 may
access data at

@ any Tier-1

Tier-2




Particle identification

Hadronic particle shower
o Cone shaped jets build from
calorimeter clusters or tracks
Muons
o Combined tracks from Inner
Detector and Spectrometer
Electrons
o Inner Detector (ID) track
o Energy clusters in calorimeter
system
Taus

o Jets with either 1 or 3 ID tracks

Muon
Spectrometer

Hadronic
Calorimeter

Tracking

" PixellSCT

deteclor

Proton

\

Neutron|
L

»
.

+
Neutrind

http://atlas.ch




Jets

Jets: Collimated bunches of stable hadrons,
originating from partons (quarks and gluons)
after fragmentation and hadronization

Require collinear- and infrared-safety i.e.

jets are unchanged by:
O Collinear splitting
O Soft emissions

LHC experiments preferrably use so called
sequential clustering algorithms
Application: Calculate for all pairs of
particlesian j:

anti-k,, R=1

The pair with the smallest d is clustered
if d, < dg, for d_ < d, object lis called a jet



Jets

Jets: Collimated bunches of stable hadrons,
originating from partons (quarks and gluons)
after fragmentation and hadronization

Require collinear- and infrared-safety i.e.

jets are unchanged by:
O Collinear splitting
O Soft emissions

LHC experiments preferrably use so called
sequential clustering algorithms
Application: Calculate for all pairs of
particlesian j:

d. = min(k?p,k?p) —g The pair with the smallest d _is clustered
! LT LT R if d, < dg, for d., < d, object fis called a jet

iB’



The CMS Detector

CMS DETECTOR STEEL RETURN YOKE

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

Overall diameter :15.0 m Pixel (100x150 ym?*) ~1 m* ~66M channels
Overall length :28.7m Microstrips (80-180 ym) ~200 m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

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

PRESHOWER
Silicon strips ~16 m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels



The CMS Detector
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The LHCb Detector

LHCb Detector :

We_ight:5,600 tonnes EleCtr:omagnetIC — e —————————————
Pl Calorimeter Ty
ength: 20 m

RICH1

Vertex
Locator

Tracking
Station

RICH2 MGG

Hadronic  Stations

ggﬁfﬁg Calorimeter

Dipole
Magnet
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