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Layout of my Lectures:Layout of my Lectures:

1)1) Introduction of CMS DetectorIntroduction of CMS Detector
2)2) CMS subCMS sub--detectorsdetectors
3)3) CMS Trigger SystemCMS Trigger System



First School on LHC Physics, 12First School on LHC Physics, 12--30 October 200930 October 2009

ContentsContents

•• Introduction of LHCIntroduction of LHC
•• Background (PileBackground (Pile--up & minup & min--bias)bias)
•• What is CMS detectorWhat is CMS detector
•• Experimental challengesExperimental challenges
•• RequirementsRequirements
•• Design criteriaDesign criteria
•• CMS subCMS sub--detectorsdetectors



First School on LHC Physics, 12First School on LHC Physics, 12--30 October 200930 October 2009

BackgroundBackground

•• LEP closure in 2000LEP closure in 2000
•• TevatronTevatron still runningstill running
•• Questions remain unanswerableQuestions remain unanswerable
•• Lack of evidence of Higgs bosonLack of evidence of Higgs boson

–– Dark matterDark matter
–– Anti matterAnti matter

The Large The Large HadronHadron Collider and the associated experiments are Collider and the associated experiments are 
designed to address a number of these questions.designed to address a number of these questions.

CMSCMS…………....
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Introduction of LHCIntroduction of LHC
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LuminosityLuminosity

Event RateEvent Rate

Large distance collisionsLarge distance collisions

oo Soft scatteringSoft scattering

Short distance collisionsShort distance collisions

oo Hard scattering (rare events)Hard scattering (rare events)
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PP collisionsPP collisions

PDFsPDFs

FragmentationFragmentation
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MinimumMinimum--bias Eventsbias Events
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Pile up of minPile up of min--bias Events (1/2)bias Events (1/2)
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Pile up of minPile up of min--bias Events (2/2)bias Events (2/2)

To confront with PileTo confront with Pile--up: detector up: detector 
demandsdemands

Fast response timeFast response time

High granularityHigh granularity

Radiation resistantRadiation resistant
The pileThe pile--up is one of the most serious difficulties for the up is one of the most serious difficulties for the 
experimental operation at the LHCexperimental operation at the LHC
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Triggering at LHCTriggering at LHC
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Physics GoalsPhysics Goals

•• To explore physics at the To explore physics at the TeVTeV scale scale 
•• To discover the To discover the Higgs bosonHiggs boson
•• To look for evidence of physics beyond the To look for evidence of physics beyond the 

standard model, such as standard model, such as supersymmetrysupersymmetry, or , or extra extra 
dimensionsdimensions

•• To study aspects of heavy ion collisions To study aspects of heavy ion collisions 

http://en.wikipedia.org/wiki/TeV
http://en.wikipedia.org/wiki/Higgs_boson
http://en.wikipedia.org/wiki/Supersymmetry
http://en.wikipedia.org/wiki/Extra_dimensions
http://en.wikipedia.org/wiki/Extra_dimensions
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LHC experimentsLHC experiments

LHCLHC--bb CMSCMS

ALICEALICEATLASATLAS
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What is CMSWhat is CMS
CMSCMS--stands for Compact stands for Compact MuonMuon SolenoidSolenoid

General purpose detectorGeneral purpose detector

Onion shapeOnion shape
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How was CMS designHow was CMS design

Lessons learnt from LEPLessons learnt from LEP

Fifteen separate sections lowered into cavernFifteen separate sections lowered into cavern
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Typical SignaturesTypical Signatures

Stable particlesStable particles

QuasiQuasi--stable particlestable particle

Vertex tagged particlesVertex tagged particles

Short livedShort lived

Missing particlesMissing particles
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What we will see in CMSWhat we will see in CMS
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Detector RequirementsDetector Requirements……

The signatures we look for ...
● Leptons and photons at high pT
● missing Energy --> Et

miss

● b quarks, tau leptons
● Jets
with high backgrounds and low pT pile up

Detector requirements ...
● radiation hardness
● timing 25 ns
● identify and measure leptons, photons at high pT

lepton ID over huge background e/jet ~ 10-5

● good measurement of missing transverse Energy energy
measurement in forward region (|η|<5)

● b and τ tag (silicon detectors)
● highly selective and fast trigger

signal xs ~ 10-14 of total xs
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Specific DesignSpecific Design

•• A high performance system to detect and measure A high performance system to detect and measure muonsmuons, , 
•• A high resolution method to detect and measure electrons A high resolution method to detect and measure electrons 

and photons (an and photons (an electromagnetic calorimeter),electromagnetic calorimeter),
•• A high quality central A high quality central tracking systemtracking system to give accurate to give accurate 

momentum measurements, and momentum measurements, and 
•• A A ““hermetichermetic”” hadronhadron calorimetercalorimeter, designed to entirely , designed to entirely 

surround the collision and prevent particles from escaping surround the collision and prevent particles from escaping 

http://cms.web.cern.ch/cms/Detector/Muons/index.html
http://cms.web.cern.ch/cms/Detector/ECAL/index.html
http://cms.web.cern.ch/cms/Detector/Tracker/index.html
http://cms.web.cern.ch/cms/Detector/HCAL/index.html
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Working PrincipleWorking Principle
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Why is it so BigWhy is it so Big

•• Record the UniverseRecord the Universe’’s tiniest s tiniest 
•• Possibility of obtaining more accurate measurements Possibility of obtaining more accurate measurements 
•• Need a strong magnetic field to bend the particles Need a strong magnetic field to bend the particles 

trajectoriestrajectories
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Coordinate conventionsCoordinate conventions
θθ (degrees)(degrees) ηη

00 infiniteinfinite

55 3.133.13

1010 2.442.44

2020 1.741.74

3030 1.311.31

4545 0.880.88

6060 0.550.55

8080 0.1750.175

9090 00

PseudorapidityPseudorapidity
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Experimental ChallengeExperimental Challenge

High Interaction RateHigh Interaction Rate
pp interaction ratepp interaction rate 1 billion interactions/s1 billion interactions/s
Data can be recorded for only ~10Data can be recorded for only ~1022 out of 40 million crossings/secout of 40 million crossings/sec
LevelLevel--1 trigger decision takes ~21 trigger decision takes ~2--3 3 μμss
aa electronics need to store data locally (pipelining)electronics need to store data locally (pipelining)

Large Particle MultiplicityLarge Particle Multiplicity
~ <20> superposed events in each crossing~ <20> superposed events in each crossing
~ 1000 tracks stream into the detector every 25 ns~ 1000 tracks stream into the detector every 25 ns
need highly granular detectors with good time resolution for lowneed highly granular detectors with good time resolution for low occupancyoccupancy
aa large number of channels (~ 100 M large number of channels (~ 100 M chch))

High Radiation LevelsHigh Radiation Levels
aa radiation hard (tolerant) detectors and electronicsradiation hard (tolerant) detectors and electronics
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The CMS CollaborationThe CMS Collaboration

2310 Scientific Authors
38 Countries
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CMS Design CriteriaCMS Design Criteria

Very good Very good muonmuon identification and momentum measurementidentification and momentum measurement
Trigger efficiently and measure sign of Trigger efficiently and measure sign of TeVTeV muonsmuons dp/pdp/p < 10%< 10%

High energy resolution electromagnetic High energy resolution electromagnetic calorimetrycalorimetry
~ 0.5% @ E~ 0.5% @ ET T ~ 50 ~ 50 GeVGeV

Powerful inner tracking systemsPowerful inner tracking systems
Momentum resolution a factor 10 better than at LEPMomentum resolution a factor 10 better than at LEP

Hermetic Hermetic calorimetrycalorimetry
Good missing EGood missing ETT resolutionresolution

(Affordable detector)(Affordable detector)
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HH→→ZZ ZZ →→ μμμμee event with Mee event with MHH= 300 GeV for different luminosities = 300 GeV for different luminosities 

1032 cm-2s-1 1033 cm-2s-1

1034 cm-2s-1 1035 cm-2s-1

Luminosity EffectsLuminosity Effects
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Detector ThicknessDetector Thickness

Material thickness in terms of radiation length and Material thickness in terms of radiation length and 
interaction lengthinteraction length
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The CMS SolenoidThe CMS Solenoid

The CMS magnetThe CMS magnet……
is the largest superconducting magnet ever built is the largest superconducting magnet ever built 
weighs 12,000 weighs 12,000 tonnestonnes
is cooled to is cooled to --268.5268.5ººC, a degree warmer than outer spaceC, a degree warmer than outer space
is 100,000 times stronger than the Earthis 100,000 times stronger than the Earth’’s magnetic field  s magnetic field  
stores enough energy to melt 18 stores enough energy to melt 18 tonnestonnes of gold of gold 
uses almost twice much iron as the Eiffel Tower uses almost twice much iron as the Eiffel Tower 

A stronger field provides A stronger field provides 

You more precise You more precise 

momentum and energymomentum and energy

resolutionresolution
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The return yokeThe return yoke--parametersparameters
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The Tracking SystemThe Tracking System
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The Electromagnetic CalorimeterThe Electromagnetic Calorimeter-- ECALECAL
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The The HadronHadron CalorimeterCalorimeter--HCALHCAL
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The The MuonMuon ChambersChambers

RPC

CSC

DT

Barrel region:Barrel region:

DTs and DTs and RPCsRPCs

Low almost uniform B fieldLow almost uniform B field

Low Low muonmuon rate ~ 1 Hz/cmrate ~ 1 Hz/cm22

Negligible neutron induced Negligible neutron induced 
backgroundbackground

EndcapEndcap region:region:

CSCsCSCs and and RPCsRPCs

Strong nonStrong non--uniform Buniform B--filed (~ 3.5 filed (~ 3.5 
Tesla)Tesla)

High High muonmuon rate ~ 1000 Hz/cmrate ~ 1000 Hz/cm22

γγ and neutron induced background and neutron induced background 
are comparableare comparable



First School on LHC Physics, 12First School on LHC Physics, 12--30 October 200930 October 2009

The Trigger and Data Acquisition SystemThe Trigger and Data Acquisition System
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BackupBackup



First School on LHC Physics, 12First School on LHC Physics, 12--30 October 200930 October 2009

CMS Design FeaturesCMS Design Features
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