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• In principle: avalanche formation occurs in every gas, depending on the electric field.

• Determines substantially the properties of the detector.

• Experimental requirements: 

• low operating voltage 

• high gain

• good proportionality

• high rate capability 

• long lifetime, no aging 

Ø Partially contradicting

Ø No ideal gas meeting all requirements

Choice of gas
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Noble gases – main component
• avalanche multiplication occurs at much lower fields than in complex molecules
• energy dissipation mostly through ionization, in contrast to many non-ionizing energy dissipating modes in 

polyatomic molecules 

Choice of detector gas
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Ar + polyatomic gases 

© O.K. Allkofer, Spark Chambers, Thiemig, München, 1969
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Noble gases – main component
• avalanche multiplication occurs at much lower fields than in complex molecules
• energy dissipation mostly through ionization, in contrast to many non-ionizing energy dissipating modes in 
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Light gases are hot and favor ionization. 

pion ≡
ν ion

ν ion +νexc



14/03/2026  |  Gaseous detectors – Supplementary Material |  P. Gasik  |  5

He Ne Ar Kr Xe

Z 2 10 18 36 54

Wi (eV) 41 36 26 24 22

NT (ip/cm) 7.8 39 94 192 307

Choice of detector gas

• Choice of noble gas ➙ high specific ionization by MIPs (particle physics) 

• Xe, Kr: expensive, multiple scattering (deflection of incoming particle)

• He: high leak rate

• Ne: ~10x more expensive than Argon ➙ closed gas system

• Ar: commonly used

• BUT, continuous discharge for G ≥ 103 - 104
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Reason: formation of excited and ionized noble gas atoms in avalanche 

Excited noble gas atoms:

• De-excitation through radiative transitions

- emission of photons with h� = Eex (11.6 eV for Ar, 16.6 eV for Ne)

• Electrodes (metal): h� > EW (e.g. 4.4 eV for Cu)

- photons can extract photoelectrons from electrodes 

- new avalanches at different locations in detector

Ionized noble gas atoms:

• Drift towards the cathode – secondary emission

- neutralized to an excited atom ➙ extraction of another electron from the cathode possible

- electron emission by the kinetic energy of the ion

Further avalanches, delayed with respect to original event 

Choice of detector gas
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Particle Detectors – B. Ketzer 

Reason: formation of excited and ionized noble gas atoms in avalanche 

a) Excited noble gas atoms: 

• deexcitation through radiative transitions 

 D emission of photons with                    (11.6 eV for Ar, 16.6 eV for Ne) 

• electrodes (metal):                   (4.4 eV for Cu)  

 D photons can extract photoelectrons from electrodes 

 D new avalanches at different locations in detector 

exh Eν =

Wh Eν >
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Solution: addition of quench gas, i.e. polyatomic molecules, e.g. CH4, CO2, BF3, 

Absorption of photons

• Absorption in a wide energy range (7.9 – 14.5 eV for CH4) through excitation of rotational and vibrational levels

• Energy dissipation via dissociation or elastic collisions 

Charge exchange

• Noble gas ➙ quench gas

• Very efficient due to low ionization potential of molecules 

• Drift of ionized molecule to the cathode, neutralization 

• Emission of secondary radiation at cathode unlikely

- dissociation 

- polymerisation (formation of larger molecular complexes) 

Good photon absorption and suppression of the secondary emission allows for G = 105 - 106

Choice of detector gas
Choice of Detector Gas 

Particle Detectors – B. Ketzer 

Solution: addition of quench gas, i.e. polyatomic molecules, 
   e.g. CH4, CO2, BF3,   
a)   
• absorption of photons in a wide energy range (7.9 – 14.5 eV for CH4) 
 through excitation of rotational and vibrational levels 
• energy dissipation via dissociation or elastic collisions 
b)   
• charge exchange noble gas → quench gas very  
 efficient due to low ionization potential of molecules 
• drift of ionized molecule to cathode, neutralisation 
• emission of secondary radiation at cathode unlikely 

− dissociation 
− polymerisation (formation of larger molecular complexes) 
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Operation at High Particle Flux 

[A. Breskin et al., Nucl. Instr. Meth.124,189 (1975)] 

Closed detector:

• decrease of number of quench gas molecules with time due to dissociation 

•Example: 

o V = 10 cm3, 90-10 mixture noble-quench gas 

o N = 1019 molecules, G = 106, 100 ip/event à 108 dissociations/event 

o Detector characteristics change after ~1010 events

Space charge:

• fast collection of electrons in avalanche

• layer of positive ions around wire, drifting slowly to cathode (~100 μs) 

- screening of electric field around wire

- decrease of gain for successive event at the same wire position

- rate dependence of gain 

Operation at high particle flux
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• Signs of aging in a proportional wire counter:
• drop of gain 
• loss of energy resolution
• electron emission (Malter effect)
• sparks discharges 

• Reason: deposit of polymers at cathode/anode 

Choice of detector gas

Particle Detectors – B. Ketzer 

Aging 

Particle Detectors – B. Ketzer 

Aging 

Particle Detectors – B. Ketzer 

Aging 
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• Development of thin electrically insulating layer at cathode 

• agglomeration of positive ions at surface of insulating layer ➙ slow diffusion to cathode

• High rate: 102-103 events/(cm2s) ➙ ion production rate > leak rate to cathode 

• build-up of pos. space charge

• electric dipole field

• extraction of electrons from cathode

• further avalanches, even after removal of radiation source! 

Ø Temporary recovery of detector: changing polarity of operating voltage 

Ø Long-term regeneration only by thorough cleaning 

Malter effect
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Avoid contaminations

• Non-polymerizing quenchers (alcohols, aldehydes, acetates) 

• but: low vapor pressure compared to hydrocarbons ➙ much less efficient quenching 

Hydrocarbonic quencher + small admixture of non-polymerizing agent with lower ionization energy 

(e.g. propylic alcohol C3H7OH, methylal (OCH3)2CH2)

• charge exchange

• mainly non-polymerizing molecular ions at cathode 

‘Golden Rules’ (F. Sauli, Cambridge, 2014)

• warnings against the use of heavy organic quenchers, 

• care to avoid sources of silicon oil pollution, 

• indications on good and bad materials for the construction of detectors; detailed tables of ‘good’ and ‘bad’ materials are given 

in M. Capeáns, Aging and materials: lessons for detectors and gas systems. Nucl. Instr. and Meth. A515 (2003) 73.

Aging suppression


