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FOREWORD

SUMARIZING 50 AND MORE TALKS AND POSTERS IN 50 MINUTES IS A STRENUOUS TASK.
MOREOVER, THERE HAVE BEEN SEVERAL OTHER INTERMEDIATE SUMMARIES AND
SUMMARY TABLES  ALL ALONG THE WORKSHOP; ONE MORE, 3-DIMENSIONAL  SUPER-
SUMMARY WOULD BE BORING AND USELESS.
I HAVE TRIED INSTEAD TO SORT OUT FROM THE CONTRIBUTIONS THOSE SUGGESTIVE OF
STILL OPEN PROBLEMS OR POSSIBLE INNOVATIVE SOLUTIONS TO THE CENTURY-OLD
PROBLEM OF PROPORTIONAL COUNTER AGING. IN DOING THIS SELECTION, I HAD TO
NEGLECT SOME VERY GOOD WORKS, PARTICULARLY CONCERNING THE SUCCESSFUL
DESIGN AND OPERTATION OF LARGE EXPERIMENTS; I APOLOGIZE IN ADVANCE FOR ALL
OMISSIONS. THE READER WILL FIND THESE CONTRIBUTIONS IN THE DETAILED TALKS.



AGING 2001

F. SAULI

THE BANANA PEEL
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E. C.  Farmer and S. C. Brown, Phys. Rev. 74 (1948) 902

Gas filling: pure CH4

~ 108 counts

Heavy deposits observed on anodes

EARLY WARNINGS 1:
DEGENERACY OF GEIGER COUNTERS:
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Ar-CH4 90-10
12.µm anode wire Ø

Increase of wire diameter for
50% gain reduction: ~ 1 µm

C- rich deposits
CH-chain polymers

EARLY WARNINGS 2:
DETERIORATION OF PROPORTIONAL COUNTERS WITH IRRADIATION:
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G. Charpak et al, 
Nucl. Instrum. Methods 99 (1972) 279

RATE-DEPENDENT SHIFT OF
COUNTING RATE AND DISCHARGE
VOLTAGE

Anode wire deposits:
Lower gain
Cathode deposits:
Electron emission (Malter effect)

DEGRADATION OF MWPCs  (AGING)
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THE ANODE WIRE DEPOSITS SAGA
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ANODE WIRE DEPOSITS DECREASE THE GAIN:

CATHODE DEPOSITS INDUCE DISCHARGES:

DIRECTLY (CONDUCTING DEPOSIT)
OR INDIRECTLY (DIPOLE CHARGING UP)

+ ---

POSITIVE IONS ACCUMULATION CREATES
HIGH DIPOLE FIELD, INDUCING ELECTRON
EXTRACTION (MALTER EFFECT)

+ ++++++ +

- -

DEPOSITS
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MSGCs: A VERY EFFICIENT POLLUTION DETECTOR!

R. Bouclier et al, Nucl. Instrum. Methods A 381 (1996) 289
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MSGCs: EFFECT OF OIL BUBBLER

B. Boimska et al, Nucl. Physics B (Proc. Suppl.) 61 B (1998) 498
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MICRODISCHARGES
AGING OF MSGCs POLYMER COATING, CATHODE EDGE EROSION

R. Bouclier et al, Nucl. Instrum. Methods A381(1996)289
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MSGCs: DISCHARGES INDUCED BY HIGHLY IONIZING PARTICLES

A. Bressan et al, Nucl. Instrum. Methods A424(1999)321
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ANODE WIRE “HAIR”: EFFECT OF MICRO-DISCHARGES?

TOO HIGH VOLTAGE
DURING IRRADIATION?
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Flowmeters

• When possible, use electronic mass flowmeters with the
adequate O-rings.

• Mechanical flowmeters: Cheap BUT Assembled with lubricants
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Inserted in gas stream

ATLAS/TRT
CERN

ATLAS/TRT
CERN

M. Capeáns

EFFECT OF ONE JOINT!
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M. Titov

WHISKERS
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SILICONE CONTAMINATION



AGING 2001

F. SAULI

M. Binkley
SILICA FIBRES
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V. Blinov

WHISKERS GROWTH
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DEPENDENCE OF PLASMA POLYMERIZATION 1

H. Yasuda
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DEPENDENCE OF PLASMA POLYMERIZATION 2

H. Yasuda
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WIRE CHAMBERS VS PLASMA CHEMISTRY
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POLYMERIZATION PROCESS
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PESTOV COUNTERS
SECONDARY AVALANCHE PROPAGATION (DELOCALIZATION)

Yu. Pestov, Nucl. Instrum. Methods 196 (1982) 45
H. R. Schmidt, Nucl. Physics B (Proc. Suppl.) 78 (1999) 372
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PESTOV COUNTERS:  A CASE OF BENEFICAL POLYMER FORMATION

CHARGE SPECTRA
BEFORE AND AFTER
LONG-TERM
SUSTAINED
DISCHARGES
(FORMATION)

Charge

Before

After formation

H. R. Schmidt, Nucl. Physics B (Proc. Suppl.) 78 (1999) 372
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AGING DEPENDS ON TOTAL COLLECTED CHARGE Q:

R = −
1
Q

∆A
A

(J. Kadyk, ~1985)

Coulombs/cm of wire or strip (MWPC, MSGC)
Coulombs/ mm2 or /cm2 (PPAC, RPC, µM, GEM…)

Q = M R T ne (GAIN x RATE x TIME x PRIMARIES)

“INVARIANT” AGING PARAMETER:

FUNDAMENTS OF AGING STUDIES

IMPLICIT ASSUMPTION:

AGING RATE DOES NOT DEPEND ON
GAIN
ELECTRIC FIELD STRENGTH
DOSE RATE
IONIZATION DENSITY
TYPE OF PARTICLE
GAS FLOW…
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DOSE RATE DEPENDENCE

R. Bouclier et al, Nucl. Instrum. Methods A346(1994)114
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AGING DEPENDENCE ON HIGH VOLTAGE
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POLYMERS PRODUCTION RATE

K. Kurvinen
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DOSE RATES: TOO HIGH?

MICROMEGAS

10 LHC years in 10 days: 

CURRENT DENSITY  20 nA mm-2

G. Puill et al, IEEE NS-46(1999)594
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EFFECT OF IONIZATION DENSITY

CHAMBERS AGE TWO ORDERS OF MAGNITUDE FASTER  WHEN IRRADIATED WITH α
PARTICLES AS COMPRED TO X-RAYS (AT GAIN ADJUSTED FOR EQUAL AVALANCHE
SIZE)

M. Danilov et al, ITEP 43-00
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DEPENDENCE FROM IRRADIATED SURFACE

HERA-B MSGC+GEM

C. Richter
Heidelberg PhD

MPGD Workshop
Orsay 1999



AGING 2001

F. SAULI

DEPENDENCE ON WIRE DIAMETER (SURFACE FIELD?)
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DEPENDENCE ON PARTICLE TYPE
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GEM AGING 1
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GEM AGING 2
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GEM AGING 3
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DOSE RATE SPACE (A GUESS):

CURRENT DENSITY

AGING
RATE  R

1 nA mm-2 10 nA mm-2 

PHYSICAL

0.1 nA mm-2 

ACCELERATED 
MEASUREMENTS

DISCHARGE

10

100

1

SPACE CHARGE
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Straw+PC CF4 irradiation

RD-10 
July 1993

PROPORTIONAL COUNTER RESPONSE

X-Ray Tube

Fe55 source

Gas Flow Xe-CO2-CF4 50-30-20

M. Capeáns et al, Nucl. Instrum. Methods A 337(1993)122 

EFFECT OF GAS FLOW - IRRADIATING CF4
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LIFETIME OF RADICALS

A. Schreiner
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EFFECT OF GAS FLOW 1

M. Titov
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EFFECT OF GAS FLOW 2

G. Gavrilov et al

KAPTON STRAWS   Ar-CO2-C2H2F4 40-40-20
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EFFECT OF GAS FLOW 3

M. Titov
Muon Detector HERA-B

GAS-FLOW DEPENDENCE OF GAIN DURING IRRADIATION IN CF4 MIXTURES
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WILL LARGE SYSTEMS WORK?

GAS IN GAS OUT

PROGRESSIVE DETERIORATION OF PERFORMANCES
ALONG THE GAS FLOW ?

HIGH RATE

�
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MATERIALS
STUFF WE NEED:

FRAMES: GLASS, FIBREGLASS, KAPTON….
ELECTRODES: WIRES, METAL FOILS, GRAPHITE…
GLUES: EPOXIES, SEALANTS
GAS FILLING: RARE GASES, CH4, C2H6, C4H10….CO2….CF4…. 
ADDITIVES: METHILAL, ALCOHOLS, WATER…..

STUFF WE DON’T NEED:

POLLUTANTS IN THE MAIN GASES
SILICON, SILICON OILS
PLASTICIZERS
EPOXY OUTGASSING
WATER, ……..

THE WATER CASE:

SOMETIMES GOOD, SOMETIMES BAD….
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COMPASS TGEM MATERIALS
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EPOXY OUTGASSING

P. Chiggiato, CERN-EST (August 2001)



AGING 2001

F. SAULI

NEW VS EXPIRED NUVOVERN LW - HARDNER PUR LW (Mäder Lacke AG)
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BEST SOLUTION: A COLD TRAP?

M. Binkley
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MALTER - NO ADDITIVES

A. Boyarski
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A. Boyarski

WATER ADDED
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A. Boyarski

PROPANOL ADDED
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D. Bailey

WATER ADDED 2
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CONDUCTIVITY VS WATER
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WATER IN MSGCS
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WATER AND DISCHARGES
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CF4: ETCHING/DEPOSITION 1

Plasma processing: CF4-based gases are used for both etching and
deposition processes.

GasesGas SystemsProceduresMaterialsStudiesAgeing

Etching
if oxygenated species are added

Deposition
in hydrogenated atmospheres

Chemistry is shifted to:

Strict
Control of
Pollutants

> 1% H2O < 1% H2O

A
u/

W
 w

ir
e

20 C/cm
M. Capeáns
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CF4: ETCHING/DEPOSITION 1



AGING 2001

F. SAULI

CF4 AGING

M. Titov
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CF4 RECOVERY
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NO WATER-WIRE BREAKS

A. Schreiner
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TUNGSTEN WIRE SWELLING 1

G. Gavrilov et al  
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TUNGSTEN WIRE SWELLING 2

T. Ferguson, G. Gavrilov et al  
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WIRE SWELLING
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GOLD DAMAGE 1
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GOLD DAMAGE 2
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TRT STRAWS 3

A. Romaniouk
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DOES ANODE METAL MATTER?

J. Kadyk reported worse aging in some gases for Stableohm wire as compared
to Au-plated tungsten (LBL Workshop 1986)

Ar-C2H6-Ethanol   Au/W :       R=1.3%/C cm
 Stableohm: R= 800%/C cm

ANY OTHER EVIDENCE?
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SINGLE WIRE COUNTER
STAINLESS STEEL WIRE

BAD IN Ar-CH4
GOOD in DME

R. Bouclier et al, Nucl. Instrum. Methods
A346(1994)114

DOES ANODE METAL MATTER (3) ?
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RECOVERING AGING CHAMBERS: HEAT TREATMENT

S. Korpar et al, IEEE Trans. Nucl. Sci. NS-46 (1999)317
D. Skrk, DESY Aging Workshop 2001

HERA-B RICH    CH4-TMAE WIRE HEATED (WITH CURRENT)
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WIRE ZAPPING

T. Marshall 
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A. Boyarski

RECOVERING AGED CHAMBERS: OXIGEN SPUTTERING
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SCRUBBING ANODE OR
CATHODE PLATE:

FLUSHING WITH NH3 AND TRAINING:

H. Sakai et al, to be published in Nucl. Instrum. Methods A 

RECOVERY OF GLASS RPCs WITH AMMONIA



AGING 2001

F. SAULI

MECHANISM of AGEING and DEVELOPMENT
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POLYMER FORMATION OR ORGANIC CHEMISTRY?
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SILICON LIFE?
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GAS DISCHARGES - THE ORIGIN OF LIFE?

S. Miller, Science 117 (1953) 528
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NEW SCIENTIST, AUGUST 2001


