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Radiation Damage of Gas Detectors 
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} Deterioration of performance under irradiation has been observed 
since development of Geiger and proportional counters (~100 years) and yet 
it remains one of the main limitations of Gas Detectors in high rate 
experiments. 

} Deterioration in Performance: loss of gas gain, loss of efficiency, worsening of 
energy resolution, excessive currents, self-sustained discharges, sparks, loss of 
wires, changes of surface qualityé 

} In the Gas Detectors community, Radiation Damage is referred to as ageing 

 

Radiation Damage 

Gray (Gy) 

Gas Detectors ageing 

C/cm (or /cm2) 



Ageing of Gas Detectors in Experiments 
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Accidental addition 

of O2 in the gas 

Ageing in the Central Outer Tracker of CDF 

Fermilab  (D.Allspach et al.) 

Drift chamber 

Ar-C2H6 [50-50] + 1.7% isopropanol  

Ageing in the Central Jet Chamber of H1  

DESY (C.Niebuhr) 

Radial Wire Chamber 

Ar-C2H6 [50-50] + water 



Gaseous Detectors - Principle 
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Principle of Gas Multiplication ~ Signal development 

1. Gas mixture 

e- + CH4 ᵼ CH2: + H2 + e- 2. Initial Reaction 

3. Creation of radicals 

Ar + CH4
 

CH2: 

4. Polymer Formations 

ÅSolid, highly branched, cross linked 

ÅExcellent adhesion to surfaces 

ÅResistant to most chemicals 

ÅInsoluble in most solvents 

Orsay 25-26/7 2014 



Ageing Phenomena 
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}Anode ageing: deposits on wire 

 

+ 

- 
- - 
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Effect of Deposits  

ÅIf  deposit is conductive , there is a direct effect: 

the electric field weakens (~thicker wire) 

ÅIf deposit is insulating , there is indirect effect due 

to dipole charging up: the field close to the anode 

will be screened as new avalanches accumulate 

negative charges on the layer 

Consequences on the detector  

ÅDecrease of gain 

ÅLack of gain uniformity along wires 

ÅLoss of energy resolution 
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Anode Ageing 

SWPC 

Controlled Ageing Test in Laboratory 

C.Garabatos, M.Capeans 

CERN 



Ageing Phenomena 
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}Cathode ageing: layers on surfaces 

 
Effect of Layers  

ÅCharges do not reach the cathode and layer becomes 

positively charged. This produces a large dipole electric field 

which can exceed the threshold for field emission and e- are 

ejected from the cathode producing new avalanches 

ÅMalter effect (self-sustained currents, electrical breakdown) 

Consequences on the detector  

ÅNoise, dark currents 

ÅDischarges 

+
 +

 +
 +

 +
 +

  

- 

- 



Cathode Ageing 
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Malter  effect  

DESY HERA-B OT 

Controlled Test 



Rate of Ageing 
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} Ageing depends on the total collected charge Q:  

Q [C] =  Gain  x  Rate  x   Time  x  Primaries 

 

 

Q 

G
a

in
 

ÁRate of ageing:  R(%) ~ slope of Gain vs. Q 

ÁAgeing Unit depends on detector geometry: wires [C/cm], strips 

or continuous electrodes [C/cm2] 
 

 

} Accumulated  charge (C/cm) per LHC year (diff. safety factors): 
     

 

 
ATLAS 

Straws 
LHCb 

MWPC 

LHCb 

Straws 

ATLAS 

Drift Tubes 
0.01 0.001 0.1 1 

ALICE 

TPC 
CMS 

CSC 



Accelerated Ageing Tests 
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}Needed in order to asses lifetime of a detector under 

irradiation in a limited amount of time 

}How much can we accelerate  the tests in the lab with 

respect to the real conditions? 

}éageing depends on: 

 

 

 

Q [C] =  Gain  x  Primaries  x  Rate  x  Time 
 

ÅHV 

ÅGas mixture 

ÅPressure 

ÅGas exchange rate 

ÅElectrical field strength 

ÅDetector geometry 

Åé 

ÅDose rate 

ÅIonization density 

ÅParticle type 

Åé 



Rate of Ageing 
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4
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 ALICE ROC, P10

RD-10  1994 

DELPHI 1992 

ALICE  2004 

C.Garabatos, M.Capeans 

CERN 

Á Space charge gain saturation can decrease the 
polymerization efficiency 

ÁGas flow can be insufficient to remove reaction 
products created at high rate 



Acceleration Factors in Ageing Tests 
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Atlas TRT  x 10 

LHCb  OT 

(Straws)  
x 20 

CMS RPC 
x 30 
(and much larger) 

0 0,2 0,4 0,6 0,8 1

ATLAS TRT

straws [C/cm]

LHCb OT

Straws [C/cm]

ATLAS MDT

drift tubes

[C/cm]

Expected  accumulated charge (C/cm) in 1 LHC year  

Acceleration Factor in Lab Tests Accumulated charge in 1 year at LHC 



Influence of the Gas Mixture on Ageing 

Orsay 25-26/7 2014 Mar CAPEANS 14 

}Hydrocarbons: polymerization (so, ageing) guaranteed. 

} Polymer formation directly in the avalanche process. 

} Effect is more pronounced under spark/discharges 

 

DME     

 

 

 

CO 2 
ÅIncreased HV 

ÅMore energetic discharges 

C.Garabatos, M.Capeans 

CERN 

ÅFlammable >3% 

ÅSolvant 

ÅVulnerable to gas pollution 



CF4 
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Ar-CH4-CF4 Ar-CO2-CF4 

Deposition  
In hydrogenated environments ð CH4 

Deposits on wires 

 

Etching  
If oxygenated species are added ð CO2 

Wire cleaning 

Can also be aggressive to some detector 

assembly materials, can accumulate 



CF4 Etching 
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> 1% H2O < 1% H2O 

ATLAS TRT Straws , WIRE Au/W , 

Ar -CO 2-CF4 

FR4 

FR4 

After radical exposure  

ATLAS TRT PCB  

Å Active species react with some metals (Al, Tin) and some insulator materials (Fiberglass) 
Å F species react with Si, which is distributed all around (polymerization trigger) 

 



Additives, Emergencies 
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}Small concentrations of O2 or H2O or C2H6O can restore aged 

chambers or prevent effectively the ageing process to significant 

accumulated charges 

Addition of O2 in the gas 

mixture Ar-C2H6 [50-50]  
} O2  
} Etching of HC-deposits 

} Reacts with HC, and end products are stable and volatile 

} H2O  
} Reduces the polymerization rate in plasma discharges 

} Makes all surfaces slightly more conductive, thus preventing the 
accumulation of ions on thin layers responsible for the gain 
degradation and Malter effect 

} But, modification of the electron drift parameters or change in 
rate of discharges are not always acceptable 

} Alcohols  
} Reduction of polymerization rate 

} Large cross section for absorption of UV photons 

 



Gas Mixtures in LHC detectors 

Orsay 25-26/7 2014 Mar CAPEANS 18 

Experiment Sub- Detector Gas Mixture 

ALICE TPC, TRD, PMD 

Noble Gas (Ar, Ne, Xe) + CO2 

ATLAS CSC, MDT, TRT 

CMS DT 

LHCb OT straws 

TOTEM GEM, CSC 

LHCb MWPC, GEM 
Ar - CF4 - CO2 

CMS CSC 

RPC 

TGC 

RICH 

C2H2F4 - iC4H10 - SF6 

CO2 ï n-pentane 

CF4 or C4F10 



Other Contributions to the Ageing Process 
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Radiation  
(structural changes)  

Pollutant  

Outgassing  

MATERIALS  
Reactive/Solvent  

Gases 

Uncontrolled 

Pollution  

Polymerizing  

Mixtures  

Reactive 

Avalanche Products  

GAS 


