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Radiation Damage of Gas Detectors

} 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 Performanceoss of gas gain, loss of efficiency, worsening of
energy resolution, excessive currents, selstained discharges, sparks, loss of
wires, changes of surface qualitye

} Inthe Gas Detectors community, Radiation Damage is referred agasg

Radiation Damage Gas Detectors ageing

Gray GY) C/cm (or /cn?)
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Ageing of Gas Detectors in Experiments

Accidental addition
of O, in the gas

14

113

1.2

14

1

0.9

0.4

Wicth Relative To 5L8 vs Intagrated Luminosity - 3L1:4 l = 3L1/5L8
F m SL2/5L8
- i SLASLE
- ¥ SL4/5L8
E_ ...l. "] I
C o .

- ?“'1'
- a% Y ™, T
- .
= T W
SPLTT YO [ mﬁ
— &
- u‘ y
P | S R SR B IR = A AR I s |
1000 2000 3000 4000 5000 6000 700D

Integrated Luminosity {inv nh)

Ageing in the Central Outer Tracker of CDF
Fermilab (D.Allspachet al.)

Drift chamber

Ar-C,H, [50-50] + 1.7%sopropanol

i
r - LI
=4 ‘-"' .‘.illﬂl-llhlu..“.'-.
w = -
3 )
3 . :
20 R TETT T T T L L L
l.._" . ".l
N T T LR !
100 B0 =4 o 43 &1
ylcm)

Ageing in the Central Jet Chamber of H1
DESY (C.Niebuhp

Radial Wire Chamber
Ar-C,Hg [50-50] + water

Mar CAPEANS Orsay 2526/7 2014



Gaseous Detectors Principle

Principle of Gas Multiplication ~ Signal development

E()= Cj:;l . I+ I+ é
(% o6

1. Gas mixture > Ar + CH,

2. Initial Reaction e+CH,t CH,y+H,+¢e

A\

GH3

3. Creation of radicals— CH.,: ﬁc,.%cg":;zﬁ;&
H FH X,
. f{z EH?" o
4. Polymer Formations >t b g
. . - -
A Solid, highly branched, cross linked o L Lot X 450 TR s
A Excellent adhesion to surfaces :iz éj T, S »{ E crg -
A Resistant to most chemicals e gl
A Insoluble in most solvents e e
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Ageing Phenomena

} Anode ageing: deposits on wire

Effect of Deposits

Alf deposit isconductive , there is a direct effect:
the electric field weakens (~thicker wire)

Alf deposit isnsulating , 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

A Decrease of gain

A Lack of gain uniformity along wires
A Loss of energy resolution
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AnodeAgeing

SWPC
Controlled Ageing Test in Laboratory

Relafive gain
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Ageing Phenomena

1 Cathode ageing: layers on surfaces

4

+++ +

Effect of Layers

A Chargesdo not reach the cathode and layer becomes
positively charged.This produces a large dipole electric field
which can exceed the threshold for field emission andre
ejected from the cathode producing new avalanches

A Malter effect (seksustained currents, electrical breakdown)

Consequences on the detector
ANoise, dark currents
A Discharges
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Cathode Ageing
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Rate of Ageing

} Ageing depends on the total collected charge Q:

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

A

A Rate of ageing: R(%) ~ slope@din vs. Q =

) O

A Ageing Unit depends on detector geometry: wires [C/cm], strips
or continuous electrodes [C/cH)

Q

>
-~

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

ALICE LHCDb ATLAS
TPC Straws Straws
ATLAS 1
0.01 0.1
0.001 Drift Tubes
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Accelerated Agein@ests

+ Needed in order to asses lifetime of a detector under
irradiation in a limited amount of time

1 How much can weccelerate the tests in the lab with
respect to the real conditions?

} € a g edepegds on:

Q [C] = Gain x Primariesx Rate x Time

AHvV A Dose rate

A Gas mixture A lonization density
A Pressure A Particle type

A Gas exchange rate Aé

A Electrical field strength
A Detector geometry

Aé
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Rate of Ageing
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Acceleration Factors iAgeing Tests

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

EATLAS TRT
straws [C/cm]

AtlasTRT X 10

mLHCb OT LHCb OT
Straws [C/cm] (StraWS)

X 20

cms rec X 30

= ATLAS MDT (and much larger)

drift tubes
[C/cm]
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Influence of the Gas Mixture on Ageing

} Hydrocarbons: polymerization (so, ageing) guaranteed.
}  Polymer formation directly in the avalanche process.
} Effect is more pronounced under spark/discharges

LIFETIME of a SWPC for CH 4, & DME mixtures
1.2

; A
Flammable >3%
o
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[ Ar-CH, (90-10)
0.6 \ \/
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CF,

Deposition

In hydrogenated environmen&CH,

Deposits on wires

Ar-CH,-CF,

Etching
If oxygenated species are add@@€O,
Wire cleaning
Can also be aggressive to some detectc
assembly materials, can accumulate
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CF, Etching

ATLASTRT Straws ,WIRE Au/W ,

ATLASTRT PCB
Ar-CO ,-CF,

< 1% H,0

For
P I T TR

; Aftér radical exbdsure' ;

A Active specieseactwith some metals (Al, Tin) and some insulator materials (Fibejgla
A F species react witj which isdistributed all aroundpolymerization trigger)
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Additives, Emergencies

} Small concentrations of £or H,O or C,H,O can restore aged
chambers or prevent effectively the ageing process to significa
accumulated charges

O Addition of O, in the gas
2 mixture Ar-C,Hg [50-50]

Echingof HC-deposits

Reacts with HC, and end products are stable and volatile | oss st st -sir4] I » SCLe
H,0 “ | =
Reduces the polymerization rate in plasma discharges b Jr—
. . . F ur"ug "
Makesall surfaces slightly more conductive, thus preventing the .=~ .
accumulation of ions on thin layers responsible for the gain E m:":%. el
degradation and/alter effect B ~ ";' )
But, modification of the electron drift parameters or change in | .. B s
rate of discharges are not always acceptable E TN e
AICOhOIS Integrated Luminosity {inv ni)

Reductionof polymerization rate
Large cross section for absorption of UV photons
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Gas Mixtures in LHC detectors

18

Sub- Detector

ALICE
ATLAS
CMS
LHCDb
TOTEM
LHCDb
CMS

TPC, TRD, PMD
CSC, MDT, TRT
DT

OT straws

GEM, CSC
MWPC, GEM

CSC

RPC
TGC
RICH

Noble Gas (Ar, Ne, Xe) + CO,,

e O
QA

Ar-CF,- CO,

CO, 1 n-pentane
CF, or C,F4,
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Other Contributions to the Ageing Process

Polymerizing ' Uncontrolled
Mixtures Pollution ‘
—

V4
—5
N

Reactive Radiation
Avalanche Products (structural changes)

a
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