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Many times the replacement of gaseous 
detectors by solid state detectors, and their 

progressive elimination was predicted

Whystudyinggaseousdetectors?
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VSilicon detectors have replaced gaseous detectors for vertex detection

V Gaseous detectors are still dominating in the muon systemsat large radii

Ą to date it is totally unrealistic to replace such a system by Si detectors

VThe Time Projection Chamber (TPC) for Heavy Ion Physics is unbeatablein 

terms of radiation length and channel number economy

VGaseous detectors have even regained territorythat was occupied by other

technologies

Ą Examples: Resistive Plate Chambers (RPCs) replacing scintillators

for triggering and time of flight measurements, or Micro-Pattern

GasesousDetectors(MPGDs) proposedto beusedfor precision

tracking.

ALL the times, this prediction turned 
out to be wrong!



Gaseous detectors@LHC
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ATLAS Gaseous Detectors:
üMDT, RPC, CSC, TGC, MM

CMS Gaseous Detectors:
üDT, RPC, CSC, GEM  

ALICE Gaseous Detectors:
üRPC, MRPC, TPC 

LHCbGaseous Detectors:
üMWPC, GEM



Gaseous detectors family tree
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100 years of glorious tradition
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C.T.R.Wilson, 
aged20, 
Nobel prize
in 1927



Schematic principle of gaseous detectors

7

Ion-electronsclusters

άCoreέ of a gaseousdetector isa volume of gas, or gas mixture, wherea charged
ionizingparticleleavesa trail of ion-electronpairs. Some electronscan further
ionizethe gas, creatingάclustersέ of ionselectron pairs. 



Particle tracks in a gaseous detector

8Triple-GEM: we will seeit later on.



Working principle of gaseous detectors
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- An electricfield isapplied: due to its presence, electronsand ionsmove
toward anodeand cathode, respectively. 
- If the electricfield is intense enoughmultiplicationprocessestake place
(Townsendavalanches)
- Signalisproducedby inductionfrom the movementof chargesin the gas



Ionization
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I0

Note: I0ґ Wi, becausenot the wholeenergylost by the impingingparticlegoesin 
ionizationprocesses; a part (roughlyhalf) goesin excitationof the gas molecules.
Ą The averageenergyWi neededto create an ion-electronpair isҒ н-3 I0

Typicalvalues: WiҒ30 eVĄ 100 e-/ ion pairsfor 3 keVof energylost by the particle



Secondary ionization
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Quiteoften the extractedelectronshavekineticenergyenoughto generate
secondaryionization: they areusuallycalled -ɻrays. Other ion-electronpairs
areproducedcloseto the track.

-DE: total energyloss

-Wi: energy needed to create one ion/electron pair

(tipicallly few tensof eV,dependingon the gas)

-nT: total number of ion/electron pairs generated(tipically

100pairs/cm)

nT =
DE

Wi

The total number of electron/ion pairs created is proportional to the
total energydepositedin the gas. Moreover: nT = nP + nS.



Characteristic of ionization

12

Ar

Varioussimulationsprogramsdo existto computer 
gas parameters



Parameters of most common gases
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for MIPs



# of ion-electron pairs in gas mixtures
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The numberof primaryand totale ion-electronpairsin gas mixtures
can becomputedtakinginto account the fractionalgas composition
(in volume) and the valuesfor the individualgases. 

Example: gas mixtureAr/C4H10 70/30
nT = 0.7 x 91 + 0.3 x 195 = 122 pairs/cm
nP = 0.7 x 34 + 0.3 x 46 = 38 pairs/cm



Energy loss in Ar
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Energy loss isusuallycomputedby meansof the Bethe-Blockformula 
(whosenon quantum mechanicalversionwasobtainedby Bohrin 1907)
- The minimum energyloss for electronsisslightlylower than the 
minimum of heavierparticles.



Energy loss in various gases
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Å Although Z/A=1, the energy loss in hydrogen is significantly lower than 
in other gases due to the lower density.



Statistics of ion-electron pair production

17

Primaryionizationeventsare independentand therefore follow
Poissonstatistics.
- Eachtime animpingingparticlecrossesa layerof gas, it hasa certainprobabilityto
produce a certainnumberof primaryelectrons
- If nP is the averagenumberof primaryelectrons(ions), the probabilityP(k)to have
k electrons(ions) is:

Thereforethere isalwaysa finite probabilityto produce no electron-
ion pairs:

ĄWhathappensin thesecases?

Note: of coursenP isproportionalto the gas layerthicknessand the energyloss.



Diffusion of electrons and ions in gases
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After ionization, electronsand ionsquicklylosetheir energydue to
collisionswith the gas moleculesĄ thermalize
-Electronsand ionsenergy(and velocity) distributionare well describedby a 
Maxwell distribution

- Meanvelocityaccordingto Maxwell distribution: 

-Theiraveragekineticenergyat room temperature is9 Ғ оκн kTҒ нс meV

Immediately, ionsand electronsundergodiffusionprocesses, likeάŀ 
drop of ink in clearǿŀǘŜǊέΦ



Diffusion of electrons and ions in gases
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Diffusionprocessesin gasesare well
describedby the kinetictheoryof gases. 
After a time t from ionization, electrons
(ions) density iswell describedby a 
Gaussiandistribution:

whose ìs relatedto the 
diffusioncoefficientD by:

Diffusiontakesplacein 3D:
- consideringdiffusionjust in onedirection:  

dr

r2

Diffusioncoefficientisgivenby the followingexpression:

D dependson gas temperature T and pressureP
=˂ electron (ion) meanfree path in the gas



Diffusion of electrons and ions in gases
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Gas

- This table shows the mean free path, the average velocity, the diffusion 
coefficients and the mobilities(see later on) of ions in their own gases at 
NTP
- Electrons move faster than ions (because of their much lower mass) with 
average thermal velocities of the order of 107 cm/s.



Diffusion of electrons and ions in gases
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While diffusing, electrons and ions do not have an easy life.

Possible interaction of positive ions:
- Neutralization with a negative charge carrier (either an electron or a negative ion)
- Neutralization after the extraction of an electron from the walls of the detector
- Charge transfer

- to a molecule of its own gas (A+ + A --> A + A+)
- to a molecule of another gas with lower ionization potential (A+ + B --> A + B+)

Possible interactions of electrons:
- Neutralization with a positive ion (e + A+ --> A)
- Attachment to a molecule with negative electron affinity (e + A --> A-)

- This attachment probability is negligible for noble gases and hydrogen
- Oxigenis a gas with strong electronegative affinity
- The attachment coefficient depends strong on the electric field (if any)

- Absorption in the walls of the detector



Effects of electronegative gases
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- Some gases, like O2, Cl2, H2O vapour, etc., are characterized by a 
high probability to capture drifting electronsand form negative ions;
- The net effect is reducing the total number of drifting electrons Ą

electronegative gases
- The probability of capture per collision (or per unit length)
is called "attachment coefficient"

The attachment coefficient 
strongly depends on electron 
energy .

Attachment coefficientof
electronsin Oxigen, vs. electron 
kineticenergy



Effects of electronegative gases
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Fractionof electronssurvivingafter a drift of 20 cm in two gas mixtures, asa 
functionof the contaminationof O2, under the actionof E = 200 V/cm



Drift in electric fields
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When an electric field is applied, the 
electron-ion pairs drift along the electric field 
lines, and this motion is superimposed to the 
caothicthermalmotion.

- Acceleration is interrupted by collisions with gas 
atoms
-¢Ƙƛǎ ƭƛƳƛǘǎ ǘƘŜ ŘǊƛŦǘ ǾŜƭƻŎƛǘȅ Ҧ ƳŜŀƴ ŘǊƛŦǘ ǾŜƭƻŎƛǘȅ vD

- The drift velocity is roughly proportional to the time 
between two subsequent collisions



Drift of electrons in gases
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- vd is just the averagevelocityin the direction of the electricfield; a random
thermalmovementissuperimposedĄ diffusionwhile drifting
- Whiledrifting, electronscan undergoseveralprocesses(excitation, ionization, and 
others), whosecross sectiondependsin complicatedwayson the electron kinetic
energydue to quantum mechanicaleffectsand the structureof the moleculesof
the gas.



Diffusion in electric field
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Drift in direction of E-field 
superimposed to statistical
diffusion
- Extra velocityinfluences
longitudinaldiffusion
- Transversediffusionnot affected

Drifting induces a  reduced 
diffusion in the longitudinal
direction



Diffusion in magnetic field
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The presence of a magnetic field changes the drift  properties of a 
swarm of electrons
- The trajectories between collisions are no more rectilinear;
- The energy distribution can be changed
- The drift velocity is smaller with respect to the absence of a magnetic 
field and can approximated as:

- Electrons do not drift anymore along the electric field lines
- the angle between vD and Eis called the Lorentz angle

where is the Larmourfrequency

and ̱ is the averagetime betweentwo subsequentelectron collisions.



Effects of a magnetic field
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Dependanceof the electron drift velocity and Lorentz angleon the 
magnetic field for a mixture of Ar/C4H10/methyal67.2/30.3/2.5 (an 
electric field of 500 V/m is applied).



Diffusion in magnetic fields
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Drift of ions/electrons in gases
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On averageelectrons/ions move along the field lines of the electric field E

Sometimes, onefindsthat vd is roughlyproportionalto E-field, the mobility
(˃for ionsand electrons) isusuallyintroduced, relatingdrift velocityand 

appliedelectricfield:

[cm s-1 V-1]

Mobility behavesdifferently for the case of ionsand electrons. 

+˃ : ion mobility
- for ionsvDᶿE, i.e. mobilty is reallyconstant

-˃ : electron mobility
- in coldgas approximation(TkinҒ kT) Ą vDᶿE Ą˃ Ґ const.
- in hot gas (Tkin>> kT) Ą vD =,const.Ą˃ Ґ ƴƻǘ ŎƻƴǎǘΦ

i.e., at high E, electron drift velocitytypicallytend to saturate.

Note: ˃ ± usuallydepend
alsoon gas T and p.



Electron drift velocity
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Smallcontaminantsin the gas 
significantlyaffectdrift velocity



Mobility and diffusion coefficients of

electrons and ions in gases
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Typicaldrift velocitiesfor electronsare 3 ordersof magnitudelarger
than drift velocityfor ions(due to the different mass):  

- Electrons, vd of the order of cm/ s˃
- Ions, vd of the order of cm/ms

Mobility of ionsis relatedto diffusioncoefficientby the Einstein 
equation:

validfor idealgasesin thermalequilibrium.
In principle, this shouldbevalidalsofor electrons, but electrons
immediatelydeviate from thermalequilibriumwhile drifting under 
the actionof anelectricfield, execptfor verylow fields.



Energy distribution of electrons in electric fields
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- Increasing the electric field, 
the electron energy 
distributions deviate 
significantly from the 
Maxwellianshape, and the 
average energy can exceed of 
several orders of magnitude the 
thermal value
- The plot shows the energy 
distributions of electrons in He 
for different values of the 
reduced electric field E/p;
- In the plot X is the electric field 
in units of V/cm and p is the 
pressure in units of 760 Torr
X/p = 1 means E=760 V/cm at 
atmospheric pressure



High E fields: excitation and ionization
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- When the electric field 
exceeds few kV/cm,
more and more 
electrons can reach 
enough energy
to produce excitation 
and ionization.

- The plot shows the energy 
distribution in Ar for three 
different values of the 
electric field, compared to 
the energy needed for 
excitation and ionization



High E fields: ionization
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When electron energy is 
above the first ionization
potential, the collisions can 
yield new electron
ion pairs, while the 
"primary" electrons
continue their path
- The plot shows the ionization 
probability  (in arbitraty units) as a 
function of the electron energy in 
various gases
- The mazimumionization probability 
is reached around 100 eV



First Townsend coefficient
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The first Townsend coefficient is defined 
as the inverse of the ionisationmean 
free path:

- it represent the average number of pairs 
produced per unit length

The ionization mean free path is given: 

N = number of particles per unit volume
=̀ ionization cross section

The first Townsend coefficient strongly depends on the electric field
The presence of electronegative gases (b= attachment coefficient), reduces the 

number of electrons Ąh= a-b= effective Townsend coefficient



Ionization cross section and first 

Townsed coefficient
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9 Ғ тр kV/cm neededto reachʰҒ1 



First Townsend coefficient in Ar-CH4
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Korff approximation
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Gas

A simple parametrizationfor the 
first Townsend coefficient was 
introduced by Korff:

- A and B are numerical coefficients

An alternative model is the 
following:

- Here k is a numerical coefficient, N is 
the number of gas molecules per unit volume
ŀƴŘ ʶ ƛǎ ǘƘŜ ƳŜŀƴ ŜƭŜŎǘǊƻƴ ŜƴŜǊƎȅ



Avalanche shape
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Å Since the electron drift velocity is Ғ1000 times 
larger than the ion drift velocity, at any given time 
electrons will be on the front of a drop-like 
distribution, while ions will be left on the tail 

Uniform electric field

Ions

Electrons



Electron gain in gases
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Indicating with n the electrons at the position x, the electrons 
produced between x and x + dxare:

LŦ ʰ is independent on x (uniform electric field), the previous 
differential equation can be easily integrated to get:

n0 = initial numberof electrons

In the general case of non-uniform electric field, the result is:

The multiplication factor (also simply called gain) is given by:



Streamer formation
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Betweenthe front andthe tail of an avalanchean internal Eint forms,directly in the
opposite direction as the applied Eappl. When the Eint = EapplΧ. the multiplication
processstops.

- Ionandelectronsrecombinewith photon emission.

- New secondaryavalanchescanbe produced,forming a streamlineof continuous
flow of chargesfrom oneelectrode: theάǎǘǊŜŀƳŜǊέ

Cathode 

Anode 

-

Eint

streamer
Avalanche



Breakdown
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The net effect is that the gaincannotbe increasedat will
Ą Beyonda certainlimit a continuosdischargesetsin

RaetherempiricallyproposedǘƘŜ άReatherlimitέ for the 
transitionbetweenάavalancheέ operatingmode, toάstreamer
ƳƻŘŜέΦ 
Ą In practice, sometimesa smallpercentageof streamercan be
acceptableduringoperationof gaseousdetectors, but beyonda 
certainlimit, dependingon the precise configurationand gas, 
breakdownoccurs.

Raetherlimit: h Ȅ Ғ нл όa Ғ мл8)
Ą In practisesometimesbreakdownsetsin evenfor gainsmuch
lower than108 (down to 106).



Operation modes
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Gascountersmay be operated in different
operationmodesdependingon the applied
highvoltage:

E.g. operation range of a cylindrical gas counter with central anode wire as function of the high 
voltage; 

ü Recombination: electric field is not
enough to collect all the charge,
electronsandionswill recombine.

ü Ionization chambers are operated at a
voltage which allows full collection of
charges, but below the threshold of
secondaryionization(no amplification).



Operation modes
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Gascountersmay be operated in different
operationmodesdependingon the applied
highvoltage:

E.g. operation range of a cylindrical gas counter with central anode wire as function of the high 
voltage; 

ü Proportionalchambers:
× signal amplification through secondary

ionization, proportional to the primary
ionization.

× Amplification factors104ς106

× Limit is reachedwhenelectronsproduced
by the photo-effect are no longer
negligible

× The effect of photons is reduced with
admixtures of a άǉǳŜƴŎƘƛƴƎέgas (e.g.
CH4, CO2) which absorbsUVphotons.



Operation modes
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Gascountersmay be operated in different
operationmodesdependingon the applied
highvoltage:

E.g. operation range of a cylindrical gas counter with central anode wire as function of the high 
voltage; number of eςion pairs for primary ionizing electrons: 

ü Geiger- Muller counter:
ü TheUVphotonsarespreadingtransversal

to the field and createphotoelectronsin
the wholegasvolume: the dischargeisno
longerlocalized.

× The produced total charge is
independentfrom the primaryionization

× Amplification factor 108ς1010

ü Dischargeregion: UVphotonsavalanches
are created everywhere,dischargeeven
without particlecrossing



Choice of the gas filling
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1. Noble gases are preferentially used due to the absence of vibrationaland 

rotational states Č ionization dominates.

(Polyatomic gas have non-ionizing de-excitation modes available)

ĄPossible electron multiplication at low electric field 

ĄChoose cheap noble gases with low ionization potential

Expensive and rare

The drift velocity depends very strongly on the nature of the gas, namely on the detailed 
structure of the elastic and inelastic electron-molecule cross-sections. Sometimes it 
saturates at high electric fields.



Choice of the gas filling
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If only a noble gas is used to fill the counter, it can operates at
ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ Ǝŀƛƴǎ όa Ғ мл3 - 104) before entering the permanent 
discharge regime

When the avalanche forms, excited Ar atoms are created, which can 
return to the ground state only emitting UV photons
- The energy of these photons can be sometimes larger than the energy needed to 
extract electrons from the  cathode walls (7.7 eVfor copper)
- Photoelectrons can be extracted from the walls, which cause farther ionization of 
the gas

Possible spurious delayed pulses due to ions neutralizing on the 
cathode
- Ar+ ions reaching the cathode are neutralized and extract an electron from the walls
- The neutral Ar atom is produced in an excited state, decays emitting UV photons
- An additional electron can also be extracted from the wall
Both processes induce spurious delayed pulses



Use of quencher gases
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The problem is solved by adding to noble gas percentages of other 
polyatomic gases, usually called "quenchers"

VGas quencher molecules have non-radiative(rotational and vibrational) 
mode and can absorb UV photons in a wide energy range.
- CH4 absorbs photons between 7.9 and 14.5 eV
- Other polyatomic gases used are freons, CO2, BF3, C4H10, etc.

VPolyatomic gases dissipate energy by elastic collisions

Sometimes quenchers can dissociate resulting in simpler molecules, 
sometimes harmful to the detector, like HF Ą aging 

Even small quantities of quencher allow to operate these detectors 
up to gain of 106 without discharges.



Use of quencher gases
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Also electronegative gases are used as quenchers, like many freons
(CF3Br), ethyl-bromide (C2H5Br), etc. which help operate detectors 
at high gain without discharges. 

- They are characterized by an electron capture mean free path that is less 
than typical anode-ŎŀǘƘƻŘŜ ŘƛǎǘŀƴŎŜ όҒ м ŎƳύ ŀƴŘ ƭŀǊƎŜǊ ǘƘŀƴ ŀǾŀƭŀƴŎƘŜ 
size (few ˃m)

- These gases capture electrons possibly extracted at the cathode forming 
negative ions, preventing the formation of spuriosdelayed avalanches

- Also these gases can dissociate, sometimes forming solid or liquid 
polymers which can deposit on the electrodes, altering their properties
ĄMalter effect, where the E field close to the electrode is distorted, 
causing undesired discharges
ĄAging effects (one of the main issues in all particle detectors)



(Some) geometries of gaseous detectors
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Planar geometry
- Euniform and perpendicular o the electrodes
- Amount of ionization produced proportional to path 
lengthin the detector
- Signal depends on the point(s) where the ionization 
occurs Ą not proportional to energy released in the 
detector

Cylindrical geometry:
- Anode wire surrounded by a 
cylindrical cathode
- E θ 1/r: weak field far from the wire
- electrons/ions drift in the gas volume
- multiplication occurs only near the 
anode Ą signal proportional to energy 
released in the detector



Cylindrical vs. planar geometry 
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E uniform
E Ŭ1/r

m m

In a parallelplategeometry(astheRPC)

the charge multiplication starts

immediatelybecauseall the gasvolume

is active.

Ąmuch better time resolution (~1 ns)

Detectorswith cylindrical geometryhave

animportantlimitation:

primary electronshave to drift close to

the wire beforethe chargemultiplication

canstart

Ąlimit in the time resolution



Ionization chamber: the simplest gaseous

detector
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- The ionization chamber operates in the charge collection region
- Generally, a planar geometry is used
wŀƴƎŜ ƻŦ ŀǇǇƭƛŜŘ ǾƻƭǘŀƎŜǎ ǾŀǊƛŜǎ ŦǊƻƳ Ғ мл ± ǘƻ Ғ  м ƪ±

- It can be operated with almost any gas, including electronegative 
gases (i.e. air, or more dense gases, to increase ionization prob.)
- At equilibrium, the current flowing in the external circuit is equal 
to the ionization current



Current mode of operation
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No current is observed when the applied voltage is null
- No electric field Č recombination of ions and electrons

Increasing the applied voltage, the current also increases
- The electric field separates the ions and the probability of recombination at the 
production point is reduced
- The drift velocity also increases, thus reducing the probability of recombination 
along the path between the production point and the collection electrodes

A further increase of the 
applied voltage leads to a 
saturation of the current
Recombination is suppressed, 
and all the charges produced 
are collected at the electrodes
The saturation current is 
proportional to the charge 
formation rate



Ionization chambers as smoke detectors
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Ionization chambers as beam monitors
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- Used for the LHC beam loss monitors 
(3520 objects).
- Alternating layers of HV and GND with 5 
mm distance, 1.5kV filled with N2. 300 ns 
electron drift time, 80 ˃ s ion drift time
- The total current averaged over times 
of 40 ˃ s to 2.5 ms is read out in order to 
measure the beam losses.
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Ionization chambers can be used 
to detect also single particle, or 
bunches of particles 
Ą pulse mode of operation

LHC UFO event 2010



Limits of ionization chambers
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Detecting single particles with ionization chambers is difficult
- Output signal is a current read by an galvanometer
- This current is proportional to the charge collected, proportional to the energy 
lost by the particle in the gas
- Signals in ionization chambers are generally very small

-The galvanometer must be capable of measuring the very small output current 
which is in the region of  fA to pA, depending on chamber design, particle 
considered, etc.
-- Time duration of the signal is related to time needed to collect electrons/ions
( s˃ or ms)

1 MeVparticlestoppingin the gas Ą

Consideringthe detector like a planar capacitorof 10-10 F capacity, the arrivalof 3 
104 electronsimpliesa changein potential: 



Proportional counters
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A cylindrical geometry is adopted
- The anode is a thin wire, on the cylinder axis
- The cathode is the metallic wall of the cylinder

In most part of the counter, the electric field is 
not enough to trigger avalanche processes
- Electrons drift toward the anode
- Ions drift toward the cathode

When electrons get close to the wire (usually at a 
few wire radii), the electric field becomes intense 
enough to trigger multiplication processes
- A drop-like avalanche develops, with electrons 
in front and ions left behind
- Due to diffusion, the avalanche surrounds the 
wire

Electrons are collected at the anode, while 
positive ions keep drifting toward the cathode



Avalanche development close to the wire
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a) a single primary electron proceeds towards the wire anode,
b) in the region of increasingly high field the electron experiences ionizing collisions
(avalanchemultiplication),
c) electrons and ions are subject to lateral diffusion,
d) a drop-like avalanche develops which surrounds the anode wire,
e) the electrons are quickly collected, while the ions begin drifting towards the 
cathode generating the signal at the electrodes.

Time development of an avalanche near the wire of a proportional counter



Avalanche development
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-Signalin proportionalcountersismainlydue to ionsdrifting to the cathode
-Ofcourse, increasingthe operatingvoltage, so that M>104, causesthe presence
of spacechargearoundthe wire, distortingE, and losingproportionality



Gain in proportional counters
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Comparisonbetweenpredictions(lines, Diethornformula) and 
experimentalresults(points)

Differentpressures Differentgas mixtures



Gain in proportional counters
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Comparisonbetweenpredictions(lines) and experimentalresults(points)

Ar ςCH4 Ar ςCO2



Multi-wire proportional chambers
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The invention of the Multi Wire Proportional Chamber 
(MWPC) by Georges Charpakin 1968 was a game 
changer, earning him the 1992 Nobel Prize in Physics. 
Suddenly, experimenters had access to large-area 
charged particle detectors with millimeter spatial 
resolution and staggering MHz-rate capability. Crucially, 
the emerging integrated-circuit technology could 
deliver amplifiers so small in size and cost to equip 
many thousands of proportional wires. 

This ingenious and deceptively simple detector is 
relatively easy to construct. The workshops of many 
university physics departments could master the 
ǘŜŎƘƴƻƭƻƎȅΣ ŀǘǘǊŀŎǘƛƴƎ ǎǘǳŘŜƴǘǎ ŀƴŘ άdemocratisingέ 
particle physics. So compelling was experimentation 
with MWPCs that within a few years, large detector 
facilities with tens of thousands of wires were 
constructed ώΧϐΦ 

C.W. Fabjan, CERN courier, March 22nd 2019



Examples of MWPCs
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First prototype of MWPC 
(Charpak1968)

A telescope of MWPCs



Multi-Wire Proportional Chambers (MWPC)
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A MWPC consistsin a set of anodewires, equallyspacedand kept at the samepotential, 
simmetrycallyplacedin betweentwo cathodeplanes
-In first prototypesanodesweregroundedand the cathodewerekept at negative potential
- Eachwire actsasan independentproportional counter
-Distancebetweenthe planesusuallyis3-4 time wire pitch



Multi Wire Proportional Chambers 
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· E field essentially uniform in most of the detector

· It becomes very intense close to the anode

·Avalanche

·Every anode wire is connected to an amplifier and 

the signals can be processed electronically. 



Electric field in a MWPC
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Electric field in a MWPC
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Electric field measured 
along the y-axis of a MWPC



Choice of the geometry
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Multi Wire Proportional Chamber 
as Cathode Strip Chamber
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A MWPC can only measure the coordinate perpendicular to the wires. No position
measurementalongthe wires.

If the cathodeis segmented,perpendicularto the wires,the signalinducedcanbe usedto
determinethe secondcoordinate.

Employing a center of charge calculation a position resolution of 50 ˃Ƴis 
achievable. 



CSC: example from CMS
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The4 EndcapCMSstationsare equippedwith CSCsEachCSC
has6 gasgapsandwith 6 layerof strips(radial)andwires.

CSCchosen due to presence of high and
inhomogeneous magnetic field and high
particle rates.

Themain goalof CSCsis to define the bendingangleof
muon in the magneticfield of steel disksĄ crucial a
goodspaceresolutionin direction perpendicularto the
radiusof a disk.



CMS CSC performance 

72

Segment reconstruction efficiency 

CSCstation spatialresolution :
ü Between 40ς140 mm (depending by

the stripspitch)
ü stableperformance



Drift Chambers
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Drift chambers are wire chamber with a long path: 
1. Charged particle traversing the gas produce ionization 
2. Electrons drift to the anode wire 
3. Electrons close to the wire give rise to avalanche multiplication processes 

ü The electric field has to be homogeneous and the drift velocity constant and known. 
ü Compared to MWPC: fewer wires and electronic channels, higher precision, but lower 

rate capability 

üHit positiondefinedby the linearrelation
between the drift velocity (about 50
µm/ns) and the time of arrival on the
anodewire



Drift chambers
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Position measurements
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a)Example of time 
spectrum obtained 
with a drift tube 
exposed to a uniform 
beam of particles
b)Example of space-
time relationship



Space-time relationship
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Å The plot shows the space-time 
relationship for a drift chamber 
exposed to a uniform beam of 
minimum ionizing particles, 
crossing the chamber with 
different incidence angles

Å Usually the space-time 
relationship is calculated by 
means of dedicated simulation 
codes (Garfield) which describe 
electron and ion transport in 
gases



Position resolution studies
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The plot shows an example of a 
distribution of the residuals 

between the fitted and 
reconstructed positions

The position resolution is usually studied with a telescope of drift chambers
-The drift chamber under investigation is placed in the middle of the telescope
- The resolution is evaluated by studying the differences between the 
measured and fitted coordinates (with the other chambers) 
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üCMSbarrelstationareequippedby DTs

üThe basic detector unit is a drift cell: a gas-filled tube with
rectangularcross-section

ü Four layersof tubesdefineDTSuperLayers(SL)
ü DTchamberisdoneby two SLswith wiresparallelto the beam

direction, measuringmuon position in the bending plane of
the magneticfield andone in the longitudinalplane.

üGasmixture : 85%Ar + 15%CO2

ühit resolutionin r :˒ 200to 250µm

ühit resolutionin rz : 400to 600µm


