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IntroductionIntroduction
Gaseous detectorsGaseous detectors
Greater       mobility of electronsGreater       mobility of electrons
Obvious mediumObvious medium
Charged       particles detectionCharged       particles detection
Particle information easily       transformedParticle information easily       transformed
EfficiencyEfficiency
Time resolutionTime resolution
Rate capabilityRate capability
cheapcheap
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Ionization detectorsIonization detectors

Instruments based on        direct collection of Instruments based on        direct collection of 
Ionization chamberIonization chamber
Proportional counterProportional counter
GeigerGeiger--Muller counterMuller counter
MultiMulti--wire proportional chamberwire proportional chamber
Capable of localizing particle trajectory in less Capable of localizing particle trajectory in less 
than        a mmthan        a mm
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Ionization mechanismsIonization mechanisms
Energy loss         excitation, ionizationEnergy loss         excitation, ionization

Excitation,      resonant reaction, exact amount Excitation,      resonant reaction, exact amount 
of energy transferof energy transfer
CrossCross--section        section        δδ = 10= 10--1717 cmcm22

No free electronNo free electron--ion pairion pair

Primary ionization, secondary ionizationPrimary ionization, secondary ionization
Penning effect        Penning effect        metastablemetastable states are excitedstates are excited
Large spinLarge spin--parity unable to        parity unable to        deexcitedeexcite
immediatelyimmediately
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Molecular ionMolecular ion + gas ion      interacts neutral + gas ion      interacts neutral 
atom of same type      to form molecular ionatom of same type      to form molecular ion
Mean no. of electronMean no. of electron--ion pair createdion pair created
Ionization reactions       statistical in natureIonization reactions       statistical in nature
Two particles        not same      electronTwo particles        not same      electron--ion parion par
For gases For gases 1 1 ee--ii pair       pair       30 30 eVeV
Average energy determines efficiency and time Average energy determines efficiency and time 
resolution of detectorresolution of detector
Recombination and electron attachmentRecombination and electron attachment
Electron affinityElectron affinity
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Energy resolution of a particle
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Working principleWorking principle

Ionization mechanismIonization mechanism
Working under different voltage conditionsWorking under different voltage conditions
Exploiting different phenomenonExploiting different phenomenon
Gas cylinderGas cylinder
Noble gasNoble gas
Mean number of electronMean number of electron--ion pair createdion pair created
Recombination and electron attachmentRecombination and electron attachment

Simple gaseous 
detector
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Radial electric fieldRadial electric field
ElectronElectron--ion pair producedion pair produced
DirectDirect ionization         ionization         chargedcharged particlesparticles
IndirectIndirect ionization         ionization         neutralneutral particlesparticles
Mean number of pair produced          directly Mean number of pair produced          directly 
proportional to        energy deposited by particleproportional to        energy deposited by particle
At At zerozero voltage, voltage, recombinationrecombination
Recombination forces overcome        current Recombination forces overcome        current 
increaseincrease
All created pair collected       voltage increase All created pair collected       voltage increase no no 
effecteffect
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Detector working in this range        ionization Detector working in this range        ionization 
chamberchamber
Voltage increase beyond region Voltage increase beyond region IIII
Strong electric field         accelerate freed Strong electric field         accelerate freed 
electrons        ionizationelectrons        ionization
Electrons liberated in secondary ionization Electrons liberated in secondary ionization 
accelerate       more ionizationaccelerate       more ionization
Ionization Ionization avalancheavalanche or or cascadecascade
Strongest electric field near anode wireStrongest electric field near anode wire
NumberNumber of electronof electron--ion pair ion pair directly proportionaldirectly proportional
to to primary electronsprimary electrons
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Proportional Proportional amplificationamplification as high as high 101066

Working in this range       Proportional chamberWorking in this range       Proportional chamber
Further voltage increaseFurther voltage increase
Space charge distorts electric field about anodeSpace charge distorts electric field about anode
Proportionality begins to lostProportionality begins to lost
Region of limited proportionalityRegion of limited proportionality
Further V increase         dischargeFurther V increase         discharge
Chain reaction of many avalancheChain reaction of many avalanche
Secondary avalanche caused by      photons Secondary avalanche caused by      photons 
emitted by emitted by deexcitingdeexciting moleculesmolecules
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Output current completely saturatedOutput current completely saturated
Same amplitude regardless of particle Same amplitude regardless of particle 
energyenergy
To stop discharge        quench gasTo stop discharge        quench gas
Working is this range       Working is this range       GeiggerGeigger--Muller Muller 
or breakor break--downdown
Further voltage increase       continuous Further voltage increase       continuous 
breakdownbreakdown
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The total charge 
collected as function 
of V
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Transport of electrons and ions in Transport of electrons and ions in 
gasesgases

Understanding        motion of electrons and ionsUnderstanding        motion of electrons and ions
Determine operating characteristicDetermine operating characteristic
Two parameters      diffusion, driftTwo parameters      diffusion, drift
Diffusion: at thermal energy Diffusion: at thermal energy 
Electron speed       10Electron speed       1066 cm/scm/s
Spherical spreadSpherical spread
Diffusion coefficient    Diffusion coefficient    
Drift and Drift and mobolitymobolity

m
kTv
π
8

=

m
kT

p
D

3

0

)(1
3

2
σπ

=

E
u

=μ e
kTD

=
μ

( ) Dtr 6=σ



First School on LHC physicsFirst School on LHC physics

Drift and mobilityDrift and mobility
Electrons accelerate along field linesElectrons accelerate along field lines
Acceleration interrupted by collisionAcceleration interrupted by collision
Average velocity attained       Average velocity attained       drift velocitydrift velocity
Superimposed upon normal random movementSuperimposed upon normal random movement
Mobility      Mobility      
Einstein relation Einstein relation 
Electron velocity      Electron velocity      101066 cm/scm/s, E      , E      1 kV/cm1 kV/cm--atmatm
Gas mixture affects rate capabilityGas mixture affects rate capability
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Drift velocities of electrons in various gas 
mixtures as a function of electric field
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Avalanche MultiplicationAvalanche Multiplication
Multiplication in gas detectors occurs Multiplication in gas detectors occurs 
Primary electrons gain sufficient energyPrimary electrons gain sufficient energy
Secondary, Secondary, tertairytertairy ionizationionization
Greater mobility of electrons       liquidGreater mobility of electrons       liquid--drop drop 
like shapelike shape
Electrons grouped near headElectrons grouped near head
Slower ions trailing behindSlower ions trailing behind
αα= 1/= 1/λλ, prob. of ionization per unit path length , prob. of ionization per unit path length 
also called first also called first Townsend coefficientTownsend coefficient
Multiplication factor or      Multiplication factor or      Gas gainGas gain is of is of 
fundamental importancefundamental importance
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Choice of gasChoice of gas
Low working voltageLow working voltage
High gainHigh gain
Good proportionalityGood proportionality
High rate capabilityHigh rate capability
Normally use gas mixtureNormally use gas mixture
Noble gases      low electric field intensity for Noble gases      low electric field intensity for 
avalanche formationavalanche formation
Argon       higher specific ionization, low costArgon       higher specific ionization, low cost
Gas gain        Gas gain        101033--101044

High excitation energyHigh excitation energy
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Excited argon atoms form in avalancheExcited argon atoms form in avalanche
DeDe--excitation gives high energy photonsexcitation gives high energy photons
Further avalanche formationFurther avalanche formation
Quenching gasQuenching gas
Radiated photons absorbedRadiated photons absorbed
Gain Gain uptoupto 101066 is obtained is obtained 
90 %90 % ArAr, , 10%10% methanemethane
P10P10 gasgas
IsobutaneIsobutane another quench gas  another quench gas  
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Gas gain further increase       Gas gain further increase       
electronegative gaselectronegative gas

also trap electrons extracted from also trap electrons extracted from 
cathodecathode
Gain of 10Gain of 1077
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ScintillatorsScintillators
ScintillatorsScintillators make use of the fact that certain make use of the fact that certain 
materials when struck by a radiation , emit a materials when struck by a radiation , emit a 
small        flash of light small        flash of light i.ei.e scintillationscintillation
Scintillating material optically       coupled to Scintillating material optically       coupled to 
photomultiplier photomultiplier 
The radiation       excites atoms and molecules        The radiation       excites atoms and molecules        
causing light to be emitted transmitted      causing light to be emitted transmitted      
photomultiplierphotomultiplier converted weak current of converted weak current of 
photoelectronsphotoelectrons amplify by electron multiplieramplify by electron multiplier

scintllator
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Sensitivity of energySensitivity of energy
Above certain minimum level        most Above certain minimum level        most 
scintillatorsscintillators behave        linear fashion with behave        linear fashion with 
respect to       energy depositedrespect to       energy deposited
Light output        directly proportional to energy Light output        directly proportional to energy 
depositeddeposited
Amplitude final electrical       prop. energy        of Amplitude final electrical       prop. energy        of 
particle  particle  
Fast time responseFast time response
Fast        response and         recovery time Fast        response and         recovery time 
compared        to other detectorscompared        to other detectors
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Timing information        of particlesTiming information        of particles
Time difference        b/w two events        greater Time difference        b/w two events        greater 
precisionprecision
Fast time       high count rateFast time       high count rate
Pulse shape discriminatorPulse shape discriminator
With certain With certain scintillatorsscintillators possible to possible to 
distinguish        different particles        by distinguish        different particles        by 
analyzing        shape of emitted lightanalyzing        shape of emitted light
This is due to excitation        of different This is due to excitation        of different 
fluorescence mechanism  by particles of        fluorescence mechanism  by particles of        
different ionizing power.different ionizing power.
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If reemission       10If reemission       10--8       fluorescence8       fluorescence
Reemission delayed       excited state is Reemission delayed       excited state is 
metastablemetastable phosphorescence or phosphorescence or 
afterglowafterglow
Delay time      microsecond      hoursDelay time      microsecond      hours
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Property of Property of scintillatorsscintillators LuminescenceLuminescence
luminescentluminescent materials       exposed certain form of materials       exposed certain form of 

energy      absorb & reemit       in the form of visible energy      absorb & reemit       in the form of visible 
lightlight
Reemission within 10Reemission within 10--88 s        s        fluoresencefluoresence
1010--8 s is time taken by atomic transitions8 s is time taken by atomic transitions
If reemission is delayed , state is meta stable state        If reemission is delayed , state is meta stable state        
phosphorescencephosphorescence or or afterglowafterglow
Time evolution of reemission processTime evolution of reemission process

Exponential decay of fluorescent radiation. 
Rise time is faster than decay time

Resolving scintillation light into fast and slow 
components. Solid line total light decay
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A good A good scintillatorscintillator depends        on following  depends        on following  
High efficiencyHigh efficiency for conversion       exciting for conversion       exciting 
energy to energy to fluoresentfluoresent radiationradiation
Transparency to its fluorescent radiation       so Transparency to its fluorescent radiation       so 
as to allow        transmission of lightas to allow        transmission of light
Emission of spectral range        consistent with Emission of spectral range        consistent with 
spectral response of PMTspectral response of PMT
A short decay constant,  A short decay constant,  τ
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Organic Organic scintillatorsscintillators
The organic The organic scintillatorsscintillators hydrocarbon hydrocarbon 
compundscompunds condensed benzene ringscondensed benzene rings
Rapid decay time        Rapid decay time        few nsfew ns
Scintillation        transitions made       free Scintillation        transitions made       free 
valence electronsvalence electrons
Delocalized electrons       not associated to Delocalized electrons       not associated to 
particular atoms in moleculeparticular atoms in molecule
Occupy Occupy ππ--molecular molecular orbitalsorbitals
Spin singletSpin singlet
Spin tripletSpin triplet
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Fine structure constant,       excited Fine structure constant,       excited 
vibrationalvibrational mode of moleculemode of molecule
Energy spacing between electron levels          Energy spacing between electron levels          
is is few few eVeV
Energy spacing between Energy spacing between vibrationalvibrational levels levels 
is is few tenths of few tenths of eVeV
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Energy level diagram of an 
organic scintillator molecule
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Radiation ionizes both electron and Radiation ionizes both electron and vibrationalvibrational
level level 
Singlet excitations generally decay immediately Singlet excitations generally decay immediately 
to S* to S* i.ei.e 10 10 psps
Internal degradationInternal degradation
From S* to SFrom S* to S00, probability of radioactive decay , probability of radioactive decay 
from from vibrationalvibrational state to ground state in few state to ground state in few 
nanonano second timesecond time
This process is called This process is called flourescenceflourescence
The same mechanism occur for triplet excited The same mechanism occur for triplet excited 
statestate
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Inorganic crystalsInorganic crystals
Alkali halidesAlkali halides
Scintillation mechanism is characteristic of electronic Scintillation mechanism is characteristic of electronic 
band structureband structure
When a particle enters, two process can occurWhen a particle enters, two process can occur
Excite electron from valence to conduction band, Excite electron from valence to conduction band, 
creating a free electron and a free holecreating a free electron and a free hole
Create Create excitonexciton
22--3 orders of magnitude slow compared to organic 3 orders of magnitude slow compared to organic 
scintillatorsscintillators
Greater stopping power because of high ZGreater stopping power because of high Z
Highest light outputHighest light output
Suitable for gamma rays Suitable for gamma rays anfanf high energy electrons and high energy electrons and 
positronspositrons
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Solid state detectorsSolid state detectors
Ionizing Ionizing radiationradiation creates creates electronelectron--ion pairion pair
which are then collected by which are then collected by E.FE.F
Average energyAverage energy required       an required       an eleele--ion pairion pair
10 times10 times smallersmaller than      than      gasgas ionizationionization
Amount of ionization produced         for given Amount of ionization produced         for given 
energy        energy        an orderan order of magnitude      of magnitude      greatergreater
resulting       resulting       energy resolutionenergy resolution
Because of greater density       greater Because of greater density       greater 
CompactCompact in size       in size       fast response timefast response time
Basic properties of semiconductorsBasic properties of semiconductors
Doped semiconductorsDoped semiconductors

dxdE−
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The The npnp semiconductor junction       depletion semiconductor junction       depletion 
depthdepth
Detector characteristics of semiconductorsDetector characteristics of semiconductors
In order to collect ionization      electrodes must In order to collect ionization      electrodes must 
be fitted       two sides of junctionbe fitted       two sides of junction
For semiFor semi--conductor        conductor        ohmicohmic contantcontant cannot       cannot       
in general, be formed by directly depositing in general, be formed by directly depositing 
metal onto semimetal onto semi--con materialcon material
Contact between many metals and Contact between many metals and 
semiconductors        results in creation of semiconductors        results in creation of 
rectifying        rectifying        resltingreslting depletion zone extendeddepletion zone extended

Basic layout of junction detector
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To prevent this formation      heavily doped layers of To prevent this formation      heavily doped layers of 
n+ and p+ is used       between       semiconductor        n+ and p+ is used       between       semiconductor        
and     metal leadsand     metal leads
High High dopantdopant concentrations        depletion depth        concentrations        depletion depth        
essentially zeroessentially zero
Then this forms desired        Then this forms desired        ohmicohmic contactcontact
For signal isolation purposes      the bias voltage to For signal isolation purposes      the bias voltage to 

the detector is supplied through        a series resistor the detector is supplied through        a series resistor 
rather than        directly. rather than        directly. 
To collect the charge signal from        the detector, a To collect the charge signal from        the detector, a 
preamplifier of the         chargepreamplifier of the         charge--sensitive type         is sensitive type         is 
generally used. generally used. 
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Because of the lowBecause of the low--level of the signal,      this level of the signal,      this 
preamplifier       must have       lowpreamplifier       must have       low--noise noise 
characteristics. characteristics. 
Signal processing       after the preamplifier      Signal processing       after the preamplifier      
also       requires pulse shaping      in order to also       requires pulse shaping      in order to 
obtain the      best signalobtain the      best signal--toto--noisenoise
Detector characteristics of semiconductorsDetector characteristics of semiconductors
Average energy per ElectronAverage energy per Electron--Hole pairHole pair
LinearityLinearity
FanoFano Factor and energy resolutionFactor and energy resolution
Leakage currentLeakage current
Sensitivity and intrinsic efficiencySensitivity and intrinsic efficiency
Pulse shape. Rise timePulse shape. Rise time
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ConclusionsConclusions

InteractionInteraction of particles in materialof particles in material
Common featuresCommon features of detectors of detectors 
GaseousGaseous detectorsdetectors
ScintillatorScintillator detectorsdetectors
Solid stateSolid state detectorsdetectors
IntroductionIntroduction to LHCto LHC
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Introduction to LHCIntroduction to LHC
ProtonProton--proton colliderproton collider
proton beam energy is 7 proton beam energy is 7 TeVTeV
center of mass energy center of mass energy = 14 = 14 TeVTeV
1232 dipole magnets are used, each has length 1232 dipole magnets are used, each has length 
14.3 m14.3 m
Number of bunches 2808Number of bunches 2808
Number of particles in one bunch 1.15 X 10Number of particles in one bunch 1.15 X 101111

Luminosity ~ 10Luminosity ~ 103434 cmcm--22 secsec--11

Four interaction pointsFour interaction points
Four detectorsFour detectors
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