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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.

| 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, | HAD TO
NEGLECT SOME VERY GOOD WORKS, PARTICULARLY CONCERNING THE SUCCESSFUL
DESIGN AND OPERTATION OF LARGE EXPERIMENTS; | APOLOGIZE IN ADVANCE FOR ALL
OMISSIONS. THE READER WILL FIND THESE CONTRIBUTIONS IN THE DETAILED TALKS.

F. SAULI
Lﬁ;
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DETEC 7S AGING
PHYSICS. SI0OLOGY ?

F. SAULI
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EARLY WARNINGS 1.
DEGENERACY OF GEIGER COUNTERS:

F. SAULI
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E. C. Farmer and S. C. Brown, Phys. Rev. 74 (1948) 902



EARLY WARNINGS 2:
DETERIORATION OF PROPORTIONAL COUNTERS WITH IRRADIATION:

Ar-CH4 90-10
12.um anode wire @

J\ ,\/i\

(a) {b)
I I} . .
/J\ /—/v\ C- rich deposits
CH-chain polymers

(c) {d) POty
/ﬁ\/x\
{e)

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

F. SAULI

A. Den Boggende et al, J. Scient. Instr. Ser. 2 Vo.l 2 (1999) 701
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DEGRADATION OF MWPCs (AGING) 5

|O [ T T T - T T T T T [ T 7T 3
RATE-DEPENDENT SHIFT OF u
COUNTING RATE AND DISCHARGE 2
VOLTAGE 10 |
Anode wire deposits: 2 .
Lower gain o
Cathode deposits: L G
Electron emission (Malter effect) 2 -
O B
g —
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10 ¢
G. Charpak et al, .
Nucl. Instrum. Methods 99 (1972) 279 N
10 !
F. SAULI
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THE ANODE WIRE DEPOSITS SAGA

F. SAULI
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DEPOSITS

ANODE WIRE DEPOSITS DECREASE THE GAIN:

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

CATHODE DEPOSITS INDUCE DISCHARGES:

+4++++ +

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

AGING 2001



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

13 Gain-charge oil-no oil
-5 [ RD-10 MSGC
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a : 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

F. SAULI

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

104

10°

F. SAULI
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ANODE WIRE “HAIR™ EFFECT OF MICRO-DISCHARGES?
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TOO HIGH VOLTAGE
DURING IRRADIATION?

F. SAULI
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EFFECT OF ONE JOINT!

Flowmeters

e When possible, use electronic mass flowmeters with the
adequate O-rings.
o Mechanica flowmeters: Cheap BUT Assembled with lubricants

PNPI straw 3 ATLASTRT
CERN
\

VOEGTLIN Fowmeter
Type V100 (CERN std.)
Inserted in gas stream
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Time, hours

M. Capeans



WHISKERS F o SI i ..'.a1m mv I I I

Gain reduction was observed after =60 mC/cm

RELATIVE ABUNDANCE

ANGFAICHA(74:20:6)

Operating conditions:
* g-beam area 8 * 8 cm?

(Irradiation of 4 wires fully, 2 wires
exposed over half of their cell width)

* HV=2.35 kV, gas gain ~4 *104
« current density ~ 250 - 750nA/cm

Total collected charge ~280 mC/cm:
™

+ Gas flow =5 I/h

| I AN N A N
R ~ 800 %/C/cm 4

EDX SPECTRUM (20 kV) [

ELEMEMNTS N

‘Feﬁﬁsnurce I ? ‘ HERA-B I ? [100 MeV o’s
R~8% [~ |envionment | € | R ~800%

M. Titov



SILICONE CONTAMINATION

Accidental Silicone Contamination

ATLASTRT
5. Mouraviey
CERN
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M. Binkley

Unprocessed gas from the new vendor: 1400 ppm ethylene, 1100 ppm propylene,
600 ppm propane. Wire aged to 30% gain loss (about 0.13 coulomb/em).
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DEPENDENCE OF PLASMA POLYMERIZATION 1

Dependence of deposition rate on operational parameters
and domains of plasma polymerization
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DEPENDENCE OF PLASMA POLYMERIZATION 2

Each Element Has Its Own Characteristic
Polymerization Rate

Cascade Arc Reactor
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WIRE CHAMBERS VS PLASMA CHEMISTRY
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PESTOV COUNTERS

SECONDARY AVALANCHE PROPAGATION (DELOCALIZATION)

F. SAULI

K o7
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Yu. Pestov, Nucl. Instrum. Methods 196 (1982) 45
H. R. Schmidt, Nucl. Physics B (Proc. Suppl.) 78 (1999) 372



PESTOV COUNTERS: A CASE OF BENEFICAL POLYMER FORMATION

4.35kV,I

T T | T |

3 ; _
r |I i

CHARGE SPECTRA
BEFORE AND AFTER 102 _
LONG-TERM - | :
SUSTAINED - |
DISCHARGES - m,h -
(FORMATION) r Ll‘uﬂ Before -
" |
10 F Fbw, JHI 3
After formation
1 -
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H. R. Schmidt, Nucl. Physics B (Proc. Suppl.) 78 (1999) 372
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FUNDAMENTS OF AGING STUDIES

AGING DEPENDS ON TOTAL COLLECTED CHARGE Q:

Q=M RTne (GAINxRATE x TIME x PRIMARIES)

Coulombs/cm of wire or strip (MWPC, MSGC)
Coulombs/ mmZ2or /cm? (PPAC, RPC, uM, GEM...)

“INVARIANT” AGING PARAMETER:

1 AA
R=—— (J. Kadyk, ~1985)

QA
IMPLICIT ASSUMPTION:

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

F. SAULI
,"“_q-;_,r

e Myt
ST e
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DOSE RATE DEPENDENCE

10

---------- LTIy L - N T Ly Y- ey N T P r Yy - Ty P e P e P TP IR YT IYTY -]
- - »
---------------------- ------a-:u-.on--n--umu---too-00-------l'll------ot-v--c-------------ouvi:-------.v-v'--u-------.vv-c---l.l.-----un--.--------ou---.'.o---
YY) sasassaas YTLIT] g'.u.. ------ unu.un‘nuu--&luo-ooo --------------------- NN AAT RPN AR ERRY AN EEA RSN EEE RN ~
- - -
- - -
XTI T .v tdvetninnddn on *e LT T -.-oun--uu-@ ----------------------------- Qesssssasrsrvesasansanasnnvenes Cransnsrnrarrannnass sesnmnn sanand
-
: - H
- - »
PASAASAANIIESFRRNTIANNAT SR '—uu.uu-coouunuuluuul:uuouunuuuuuutu-uuv_ncuouuuunnlcuuuouuu:u'nnuuuﬁnnu -------- asanmf
- : -
-
- - - .
L LI e YN LY - T R LY P P TN TR LYY LR P PPN - L Y P L L LRy P T R YL Ty e R Y IR PR NSRS I YNNI,
- - - -

ol
0
»
&*
-
H
a
-
L]
-
a
-
-
-
-
.
-
»
»
.
-
-
-
-
-
L]
H
-
a
-
-
-
-
.
-
-
-
L]
H
-
-
-
-
-
-
-
-
-
-
-
-
-
a
-
-
N
-
-
-
-
H
L
»
»
H
-
-
-
-
-
-
H
-
-
-
-
-
.
-
.
-
-
-
L]
-
-
.
.
-
-
-
-
-
L
-
-
»
-
-
L]
-
.
-
.
L
-
»
-

l.l.l.ll.l....lll.llllll..lll-'l (IR INELETE LRI IYRRS Y] un-ao. sappsRdaadabbpnaauny e |
Shdddinbdbe LLLLLLLLLER) 4 llllll LLLELLL L LS thavein LLLAL R R S]] R ssanp R YRS FREEPROIRYRAR -
s

-lll.lII....lII.l.IIll.l.l.Ill°Il.l.lll..l.llIll.l...l.l.....pl.llllll....

Rate of ageing, R' (C/cm) /2

RSOSSN S - A S .
ecesersennssasassessinens SO , ............................. , .................. OO SO .

0.1 E: e Pio, ss wire EEEEEEEEEEEiEEEEEEEEEE:EEEEEEEEEEEEEEEEEEEiEEEEEEEEEEEEEEEEE::EE:EEEEEE"Z
] & P10, CH4 45, S5 wire e s
| w10 Auwie S
.| @ P10 Auwire, grophitecathode | | E L s

WV P10 + 1% water, Au wire
0.0} O S T — R T S T v T S NS TR T SN WIS S T N Y

0 100 200 300 400 500
Initial intensity (nA)

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

(_ Ageing dependence on High Voltage )

-
Ll ] Ar-CH,-N,-CO,
'g A 0.98kHz/25mm liT. Emml
3 10 3| B 35kHz/25mm Irr. Zone
= O 12.5kHz/25mm lrr. Zone
E ® 1.8kHz/3000mm Irr. Zone
=
=
2
10 i
3300 3350 3400 3450 3500 3551

High Voltage at Wire [V olt]

Lifetime = Total Charge/Length up to 70%-Level of pulse height
Equal Colors = identical parameters except Voltage

||- Strong HV-Dependence of Lifetime

03.10.2001 Michael Kollefrath, University of Freiburg 11




POLYMERS PRODUCTION RATE

Rate dependence of production of avalanche compounds
(Ar/C,H, 50/50)

4. 0ews
constant total uharge
0.1 mC
A.0er5
asetaldehyde [CH,CHO)
-
_: = Qares - |, Fpentadiens (LR =CH-LH=LH-CH,)
o
=
&
1.0e+s o
- | |
= . = - L
= z [ |
56 : 2 f—‘%:z'iﬂ
* — == e ——— -  Sa——
0. : . : ————
T 0.1 1 T
: rate [mC/h :
185min [mC/h] .. K. Kurvinen

1GnA 320 nA



DOSE RATES: TOO HIGH?

MICROMEGAS CURRENT DENSITY 20 nA mm2
10 LHC years in 10 days:

12

1.1

Fil
1813 mC.mm’

io=400 r{A
S=40 mh*

o2

LR

i} 10000 3000 2000 4000 OO0 G000 F000 @000 9000 10000 110000 13000 15000 14000 18000 1E0d00
time (mn)

F. SAULI

G. Puill et al, IEEE NS-46(1999)594
AGING 2001



EFFECT OF IONIZATION DENSITY

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

SIZE)

'f!
| Ar/CF./CH, (74/20/8)|

M. Danilov et al, ITEP 43-00

Single counting rate (Hz)
M,

2 2.3 2.4 2.6
HV (kV)
Figure 9: Singles rate curves for the
‘reference wire' in the irradiated region
(stars), after exposure to G —2C

F. SAULI
. 3 ; ; cm otire”
and outside of it (circles).

K o7
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DEPENDENCE FROM IRRADIATED SURFACE

140 i r i i ] T ¥ T T T T 1 T Ly i i T ¥ ¥ l T 1 T T

HERA-B MSGC+GEM 10t|mes Hera-B rate,

260 h. HERAaB
<

C. Richter X :

MPGD Workshop

8 O i ...-<,... A
Orsay 1999 i

20t|mes Hera-B rate

- | : 900 h HERA-B

40 t-....‘.........-..-....1."...........

Gas gain [a.u.]

PYe N
Al‘/DME (50 50)

I R RS W S T !I_{ll i feure

0 10 20 30 40
F. SAUL X-ray irradiation time [in h]
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DEPENDENCE ON WIRE DIAMETER (SURFACE FIELD?)

T Va'via, Octaober 2 2001

- Aging rate as a function of wire diameter

(). Va'vra, NIM A387(1997)183)

- To be able to measure a finite result, choose molecules where
the aging 1s reasonably fast.
- Both of these molecules leave a smooth film on the surface

| | ] | I | J
120 CoHg + TEA (15 °C) (b)

Relative
gas gain - 8o

Gannn

g 7 um dia. Wires —

F. SAULI Carbon Wires

‘_?‘%_ =
! < 0 | I | I I I |
0 1 2 43 4

AGING 2001 Charge Dose (mCicm) 816243




DEPENDENCE ON PARTICLE TYPE
Possible Beams: Hadronic Sources

F. SAULI
,"“q-;_,:

&

AGING 2001

P(920 GeV)-N

Facility Radiation | Radiation | Radiation | Irradiation Gas Effect
Type Density Density area Mixture seen?

Rossendorf SmC/em | 0.3 pA/em | ~9x9cm® | Ar/CF,/CH, | NO

Protons 13 MeVic

Rossendorf 3mC/iem | 0.6 pA/cm ~1x3 cm? Ar/CF,/CH, | NO

ol-part, 28 MeV/c

PSI ~mC/em | 0.2 pA/em | ~0.5x0.5 em* | Ar/CF,/CH, | NO

p 70 MeV/c YES

PSI ~mC/cm | 0.02 pA/em | ~12x22 cm? CFE,/CH, YES

1 p 350 Mevie

Karlsruhe ~mC/ecm | 0.02 pA/em | ~7x7em? | Ar/CF/CH, | YES

c-part, 100 MeV/c

HERA-B ~mC/cm | 0.03 pA/ecm | 100x30 cm? All gas YES

mIxures

—_ﬂl = - . - - - .
Effect could be ignited increasing the irradiation area

Waednesday October 3rd, 2001

Cristobal Padilla




GEM AGING 1

The Gas Electron Multiplier

as a Charge Amplification Stage

The GEM Principle:

+ High voltage on electrodes (0.3-0.5kV)

+ Fieldlines from the volume above
the GEM are strongly compressed
into the holes:

-> High fields inside the holes
-> Proportional Gas Amplification

+ A big part of the fieldlines are It /14 ] -
decompressed into the volume Elactron drift ines through a GEM
below the GEM,

-> High electric transparency

F. SAULI -> Effective gains up to 10°

=
LY
= 4

Steftan Kapgler atal,
AGING 2001 GOD, CERN, Geneva (Switzerand) IEKR, Karlsruhs University (Germany)



GEM AGING 2

Previous Aging Measurements

with a Double-GEM Detector

Former Studies:

160
+ Double-GEM detector,
standard GEMs & PCB readout _ B i e
+ Detector operated with |
- Effective gain G = (2.2+0.4)10° 5 SWPC
- E, = 2.0kViem, . : :
-E,. =E, = 4kViem % 100} Deuble GEM; A-COFO-30
: ll"'rE:'.' -_Uc.s.r.u: 410V
- GEM voltage: 410/410V S e e
s aff. gain=2200; rate=4 754
+ okel” X-ray tube, 2cm” irradiated B0} qurmam duﬂn-;l?y;-ﬁ.[?ﬁiﬁgm:f
-_-radial.eu sp-:,t-t 2 cm_‘

+ SWPC for reference, 0 . * 6 8 10 12

F. SAULI installed in the same gas line Integrated Charge [mC/mm’]

ST

= - Staffen Kappler at al.
AGING 2001 GO0, CERN, Geneva (Switzerland] [EKP, Karlsruhe University (Germany)




GEM AGING 3

Results

Corrected Gain

1.2

1.0

0.8 : % 1 ; Convention:

0.6 We give the quantity dQ/dA

; : : : as the charge accumulated
in the region of the 1 -line
of the beam profile.

Norm. Corr. Gain

0.4
— SWPC

0.2 : ] TriGEM X

| R =6.310[Hz/mn} R} =2.5' 10°'Hz/mm TriGEM Y
D‘n o - - M o 2 -

0.0 1.0m 2.0m 3.0m 4.0m 5.0m 6.0m 7.0m
F. SAU’LI;\_!\
s dQ/dA [C/mm?]

% = gas bottle exchanged

=~ " Stafien Kappler at al.
AGING 2001 GOD, CERN, Geneva (Switzerland] IEKP Karlsrube University (Germany)



DOSE RATE SPACE (A GUESS):

AGING
RATE R
100
ACCELERATED
MEASUREMENTS
10

SPACE C
I I

1

- SAUL 0.1 nA mm?2 1 nA mm-2 10 nA mm=
@ CURRENT DENSITY
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EFFECT OF GAS FLOW - IRRADIATING CF4

L Xe-CO,-CF, 50-30-20

GaS FIOW | Straw+PC CF4 irradiation
200 L I L L L L L L Y L L L A L L AL L L L
I RD-10 |
% July 1993 |
3
‘ © - l PROPORTIONAL COUNTER RESPONSE
150 - -
X-Ray Tube !
STRAW IRRADIATION ON
i U
100 =
B k STRAW IRRADIATION OFF
55
Fe~> source 50 L -
O PR SR TR T Y TR RN TN TN (N TR UL N N N TN SR TR SN SN S SN SN SN S SN TN SN SR N TR S SN S S S SR S
10 20 30 40 50 60 70 80 90

F. SAULI Pulse Height (ADC Channel)

- M. Capeans et al, Nucl. Instrum. Methods A 337(1993)122
AGING 2001



LIFETIME OF RADICALS

Lifetimes of radicals
intesity = 0.6 nA/cm

Reaction Constant
concent CFs + F + M—CFs + M 0.1s
F+F+M=F:4+M 25 s
n=100 ppm CF3 + CF; + M—=CsFg + M 0.046 s
HoO + FHE 4+ OH 2% 10755
OH + OH—H=0 + O 0.8 s
n=5% OH—HF + O 0.014 s
\“E\iﬂﬂ + M—=FO: + M 45
F #'CHs —HF + CHj 1.8 x107%s

M= collision partner (argon)

* F rapidly reacts with water = probably F is responsible
for efching.
#* IF = IHF = ﬂ.ﬁ"?’IE

A. Schreiner



EFFECT OF GAS FLOW 1

Wires irradiated at 2.65 kV (2.6 kV, gain —=103%) started to show gain reduction and
dark currents above a collected charge of 25 mC/cm (80 mC/cm):

Wire irradiated at 2.6 kV: Total collected charge ~400 mC/cm:

R LR = = = e prd .
R A . ., : ey <
:| i_ - -\.*:. .' 11500 e
= . et L P e L o I uiem
'5 ﬂ]l ' '. __5.'“ ________
E i } ®
i
"ol kg
-na; J Gy Tl | f i %
& ¥ 2] ¥ g
i i &
#: | L i -
2
'S ] *» & ;
w4 i = A ‘*"l—-l-l-.'g-
b

B e = R e

LA R R R R B R O
Posiman bong the wire | mum )

BELATIVE ABUSNEANCE
-

* Efficiency decreases in the direction of HH
the serial gas flow |10
= Wire deposits, containing only C and F _ ELENETS
elements (H is not observable) M. Titov




EFFECT OF GAS FLOW 2
KAPTON STRAWS Ar-CO,-C,H,F, 40-40-20

0790 T -—
0,770 -
0.750 -~

SN
ool | N

(].TI[] L

Quorms PC

—— Q=056 C/cm
(.690 —— % Q =10.79 C/om =~
—a—Q = 1.28 C/em
0.670 F— - Q=161 Clem——1 -} . I

]. .
T ! ! ' !
{650 ' r r r i

-18 -6 -14 -12 -100 -B - -4 -2 1] 2 4 6 ] 10 12 4 14 %

Figure 5. Gas gain distribution along the straw for different accumulated doses. The gas gain
was estimated as a “Fe source pulse spectrum peak position in units of the charge integrated
for T = 1 psec and measured in the test points presented in Fig.2,

F. SAULI

G. Gauvrilov et al
AGING 2001



EFFECT OF GAS FLOW 3

GAS-FLOW DEPENDENCE OF GAIN DURING IRRADIATION IN CF4 MIXTURES

80F
] 3
5 ol I/h 161/h 31/h E
g oo 31/ / / £ 31/h 15 I/h 31/h
= ;
Q) I :lrf ) !1I|, o s} “' 'H' “ ]
Tirﬁn ok Aﬁé ! R “’Q/”“ } wﬁ;&\i‘ﬁ 9*#"1
\ YHUOERY vy
40 |||l b 1 ey I N , :
Wi e hsw " 0} 49t Ar/CO2 (7030)
b ' #W* | h'ﬁ ||| YOoMV=2.25 kY, wires — 14,15
,:\,—ffc[ 4/L|—14 {L; / ‘30, :'} ?‘M’ H Reference wire
of HV=7 60 KV, wires — 14,1: - 20 !
o W J- t ’"
Reference wire "ﬁ*ﬂﬂﬁ"‘ *c ;y’ ;‘,a}igw“‘ -*,*,n\:h"@‘ i
1
{]i s . . 1 oF__ . . —
0 200 400 600 800 6600 6650 6700 6750
Time * 20s Time * 205

F. SAULI M. Titov
b Muon Detector HERA-B
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WILL LARGE SYSTEMS WORK?
HIGH RATE

- ~
GAS IN /I::::“ "' / GAS OUT
- 9
L

PROGRESSIVE DETERIORATION OF PERFORMANCES
ALONG THE GAS FLOW ?

F. SAULI

AGING 2001



MATERIALS
STUFF WE NEED:

FRAMES: GLASS, FIBREGLASS, KAPTON....
ELECTRODES: WIRES, METAL FOILS, GRAPHITE...

GLUES: EPOXIES, SEALANTS

GAS FILLING: RARE GASES, CH,, C,Hs, C,Hy,....CO,....CF,....
ADDITIVES: METHILAL, ALCOHOLS, WATER.....

STUFF WE DON'T NEED:

POLLUTANTS IN THE MAIN GASES
SILICON, SILICON OILS
PLASTICIZERS

EPOXY OUTGASSING

THE WATER CASE:

SOMETIMES GOOD, SOMETIMES BAD....

F. SAULI
,"“_q-;_,r

AGING 2001



COMPASS TGEM MATERIALS

Detector Components

Overview of the Materials used

Material Dietails Supplied or
manufactured by
Assembly Glue ARALDIT AY103 + HD981 (ratic 10:4) CERN stare
Frame & gnid Muwvowern LY

spacer conditioning

Paolyurethane [2 componant)

Walter Mader &G
CH-B356 Kilaangen

F. SAULI

{', Marmex:
Sandwich Stesalit [1254m)- Sece
Sandwich structure 24 Rue du Lat,
Honeycomb Momex [3mm) CH-1020 Fenens
(external) Suesalit:
Stegalic [125m] Sessalit MG,
CH-4234 ZULLWIL 50
Shielding £ Adwmviniarm (10um) LD
BDpm thick Kaptan,
GEW foils [Sham) Sum Cu, CERNJEST
TOpm hobe diam,, 140pm pitch
Crrift Epm Cu on Blyem Kaptan CERN/EST
Frams Imm thick Stesalit CERN/EP/TAI
Lpacers Vetranite grids 2mm thick CERN/EST
Anget-Phster
Gas pipes FF tube {3mm diam.) Thurgawer Scr. 66
CH-5052 Ziirich
Gas outlet F-glass + fitting CERM/EP/TAL
FCB Active area 30.7 x 307 cm?,
2-dim. 2= TAE strips, 400um pitch CERN/EST
HY boards Custom made CERN/EST

AGING 2001 ﬂ

sandwich
carrier plate

drift cathode
frame

GEM
frame + grid
GEM
frame + grid
GEM

frame + grid

Readout-
PCB

sandwich
carrier plate

Sleffen Kanner ef &

GO0, CERK. Geneva (Swilzerand|

IEKF, Karlsruhe Universly (Gemesany) Eﬁ



EPOXY OUTGASSING

10°

Ion Current (A)
=

-
1

—

—

].D- 12

].D- 15

F. SAULI

K o7

AGING 2001
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S
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P. Chiggiato, CERN-EST (August 2001)



NEW VS EXPIRED

Ion Current (A)
=

-
=
=

10"

F. SAULI

AGING 2001

NUVOVERN LW - HARDNER PUR LW (Méader Lacke AG)
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BEST SOLUTION: A COLD TRAP?

1 IH ‘ PRELIMINARY
M A
2 ‘:l * A
® ¥ f * * "«
095 - ' O Ve #
G &
[ mt vy ok
o Og Ay
3 0.9 - L+ ] -
'%‘ ¢ - A
Eﬂj ‘¥ H,—Unprocessed Gas + Cold Trop (M&) 1995} m + *
£0.85 |- e .
o
= W Lotest COF Gos Mix (MAY 1995) & +
= :
; e “l
0.8 HNominal 50/50 Ar/Ethane Mix )
| (No Alcohol Additives) b A s
Y CDF Gos Mix (May 1994)
0.75 |4 1800 ppm Ethylene Test Cas (1994) (1}

O CDF Gas Mix (March 1995)

® Lotest CDF Gas Mix (June 1995)

¢ H,—Unprocessed Gas (March 1985) <> 4

0.7 (Apprx. 1400 ppm Ethylene : 600 ppm Propane © 1100 ppm Propylene)
" |dp H;—Unprocessed Gas + Zeolite (April 1995} {lﬁ
F. SAULI i’ H;—Unprocessed Gas + Si—Grease (April 1985)°
: i Y | i | i I i I i i I i i i l | I’ I i i i | i 1
0 0.02 0.04 0.06 0.08 0.1 0.12
3 & Collected Charge (Coulombs/cm) M. Binkl
AGING 2001 - BINKIEY



MALTER - NO ADDITIVES
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WATER ADDED
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PROPANOL ADDED
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WATER ADDED 2

i Solution andr Effects

= Added water to

Pt the gas mix
' v « Tripping seems
Vorift - cured
Virprn « Ongoing test really
« Operating

i ﬂm\ parameters shifted
tan( 6, ,/en7) Water and required
- e o dded adjustment

D. Bailey



CONDUCTIVITY VS WATER

Implications for the Gas System

£ - Ar/CE/CO, ! Clear dependence with the
5 of . / water content in the gas
B . i
@ B i

i = A

a1 L o

i &

:_— . —

L
o B il
F. SAULI Fo etycperlriioe oo g M0 urponye o posgmge 080 S0 g gl ol e gty oo o S oty

water content measured at output [ppml

AGING 2001 Wednesday October 3rd, 2001 Cristobal Padilla 21



WATER IN MSGCS

Water Admixture (0.3%)

“super clean” GEM-MSGC BT R e e

MSGC structure: gold e
fre.lme material:  glass g A
drift electrode:  glass, gold < 1\& i - . g
filling gas: Ar/DME (50/50) E‘ T H‘*ﬁi_ s E
pre-mixed DESY & o
1 0.3% H,0 CET 20410 WIPmm s ! - __
a 1 HERA B year ¢
particle flux: 20+10% y/mm?s P T S PO T P T

0 US| N W M1 B A HD
irradiation tme [h]

« experience in long term measurements:

increased running stability, but massive anode ageing ... ==

F. SAULI
pes

halle Hildebrandt, University Zirich @ Ageing-Waorkshop Hamburg 2001
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WATER AND DISCHARGES

B ol
AGING 2001

Influence of H,O Content on Discharge Prnha-"_”';

Laboratory Studies

Measurement:

+ Discharge prob. in presence
of heavily ionizing -radiation

+ Double-GEM detector

+ Detector operated with
- Ar:CO, (70:30)
- E_ = 3.0kV/em,
-E.=FE = 3.5kVicm

1
T

i

il | LR e

i {512 ppiin
=il [ 23] ppin
= 3L i

1

a1
n-tl

iR

145

17

[

i

fix1d

NI
\

8.0x10 1.0m10 1. 2x10
Effective Gain

Sleffen Kapmer of &
GO0, CERK. Genesa [Swlzariand)

|ERF, Karerune Unkemy [Gemany o



Gases

CF4: ETCHING/DEPOSITION 1

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

Chemistry is shifted to:
Etching Deposition
If oxygenated species are added  in hydrogenated atmospheres

= § SO0R M= om MG E LS PHOT= D

W“‘H 2‘ Om &

Strict
Control of
Pollutants

M. Capeans



CF4: ETCHING/DEPOSITION 1

CF,: Etching/Deposition balance

Plasma processing: CF,-based gases are used for both etching and

deposition processes.
Chemistry is shifted to:
Deposition Etching
ogenated atmospheres | 1f oxygenated species are added

1.4
1,2 Hera-B/OTR
DESY
= 1.0 -

Ar-CF,-CO,

Ar-CF,-CH,

o R P WA

Inter a0 05 1.0 15 2,0 2,5 3.0 £y (Hambure)
M. Capeans Accumuiated charge (C/om) 59




CF, AGING

rradiated at 2.5 kV,2.55 kV up to:
100 mC/cm Ar/CF4/CH4+500 ppm H20 400 mC/em Ar/CF4/CH4+500 ppm H20
100 mC/cm Ar/CF4/CH4+1400 ppm H20 400 mC/cm Ar/CF4/CH4+1400 ppm H20

No gain reduction for one wire,
Si-based deposits on the other
(maximum gain reduction is in the
region of lowest radiation intensity)

No gain reduction for all wires after 800 mC/cm,
several distinct spots on the wires with gas gain
loss after 400 mC/cm, which afterwards vanished

Hv=2.25kV, Gas gain ~8*103 HV=2.5kV, Gas gain -5"104

EDX SPECTRUM (20 kV)

EDX SPECTRUM (20 kV)

M. Titov

RELATIVE ABUNDAMCE
Sty

B <
AGING 2001

- | | | |
'*JYJLW | Al Y - Ll

ELEMEMNTS




CF, RECOVERY

Start irradiation after gas exchange

800 | T T
—— hefode uradia

i As|CF4/COp
700

M after yradiation in Ac/CF4/CO2
B

BfFe paok positicn

500

400

300

200

F. SAULI

100

0 -5 0 5 1 13 20

Poesition, =m

i
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NO WATER-WIRE BREAKS
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TUNGSTEN WIRE SWELLING 1

F. SAULI

AGING 2001

Center of irradiated

Gas OUTLET side

Gas INLET side

Au W
o) w
O
Au W
W
[RE Fig_.:].a 2. POIAT MEM1 : LITRE Fig_4l) L POINT = FEM? : K IR Fig_4c . POINT &

Figure 4: The results of SEM/XEM examination of the wire surface along the wire.
Reference part of the wire surface ts smooth and undamaged (Fig.4a). XEM analysis of
the wire surface, presenter in Ig.4b and 4d, shows that deposits confaint a large amount
of oxygen and tungsten.

G. Gauvrilov et al
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TUNGSTEN WIRE SWELLING 2 P QRRED Bl om el LI
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T. Ferguson, G. Gavrilov et al
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WIRE SWELLING = —
H Anode wire swelling phenomenon “

Irradiated beam

Au + F — Auk;
Au + XeF: — AuF; + Xe

Active radicals

: : . Xe/ COL CF4 Ar/ COY C2H2F4
Main pathways for oxygen transportation Ar/CO?2/ CF4

into the gold coating

Two different faces of the wire swelling
phenomenon




GOLD|DAMAGE 1

Gold-damage effects: Reason ksfc/

OSRAM wire, 3 % Au

Total dose: 0.5 Clem

Standard mixture +1.2% H,0 and 1.5%0,

Luma wire, 5 % Au,
Ni-substrate

Standard mixture +1.2% H.,0 and 1.5%0,
Total dose: ~3 Clem

Presence of molecular Oxygen makes processes more complicated!

= 17 -

Anatoll Romaniouk,
Int. Workshop on Aging Phanomena in Gaseous
Detectors, DESY, Hamburg, 2-5 Oct. 2001



| TRTF

GOLD|DAMAGE 2 Gold-damage effects: Reason Kzéf‘
Toshiba W wire (1 pm Au) Toshba W wire (1 um Au)
Standard mixture +1.2% H.,O Standard mixture +1.5% O, (NO H.0)
6.5 Clem 6.5 Clem

Anatol BEomaniouk,
- 14 - Int. Workshop on Aging Phanomeana in Gaseous
Detectars, DESY, Hamburg, 2-5 Oct 2001



TRT STRAWS 3

Effect of Si—-based Tubricamt initially used
for the stravw production

MviTOomnmitoriznzs StTti =2 v

O ! L JLls

R

Counting rate —5 kH="crm: — 20 times less thharm at LLEHIC)

T E Ly = - s=—ffe=2 & F=2 & Tz -—= 2 o=

5
i

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-C,H.-Ethanol Au/W : R=1.3%/C cm
Stableohm: R= 800%/C cm

ANY OTHER EVIDENCE?

F. SAULI

G

AGING 2001




DOES ANODE METAL MATTER (3) ?

BAD IN Ar-CH,

) GOOD in DME

'S

SINGLE WIRE COUNTER
STAINLESS STEEL WIRE

-t
o
1
1

Relative gain
o
\ '

c.a

0.6

0-4 -t A 0 3 5 a5 0 4 4 4 s 0 ¢ 5 5 o N 5 5 5 5 1 5 3 :.

0 0.05 0.1 0.15 0.2 0.25 03 T ¢ TTET T ey
C/em T ' 1
5 14 | ]
12 | ) 1]
{ R' = 0.067 (C/em)™"/2 \ ]
o R gy S N .
1.0 :- " ety ":
R. Bouclier et al, Nucl. Instrum. Methods i . . / ]
A346(1994)114 08 - Ar-DME _(90-10) -
[ Gain2 x 10
i ux 1.4 MHz/cm
0.6 | i
F. SAULI [ .
3'4 2 2 " 1 " L L 1 3 2 n (] r FE— (] 1 2 i [ ] L i 3
0 0.2 0.4 0.6 0.8 1 1.2
Cc/em
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RECOVERING AGING CHAMBERS: HEAT TREATMENT

HERA-B RICH CHA-TMAE WIRE HEATED (WITH CURRENT)

AN
T VA

(L& T
(L6t | Lﬁgw‘h
L

(2 r

ratio of average pulse height

F ||||||||||||||||||||||||||||||
& 50 100 750 300 3500 300

time ()

Figure 10: Time dependence of the ratio of average pulse heights
between illuminated to non-1lluminated cells which have been heated.

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

ZAPPER Schematic
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s 1.5 54 FuTep
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* Operating Voltage Range: 3500 - 6280 volts
. (- 228"
* Stored Energy: 9.5J-311
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RECOVERING AGED CHAMBERS: OXIGEN SPUTTERING
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RECOVERY OF GLASS RPCs WITH AMMONIA
FLUSHING WITH NH5; AND TRAINING:

E 100 [ T T T LI F W | O | T
SCRUBBING ANODE OR — SRRt S L LIS IYE
CATHODE PLATE: > 0, - E
- 60 F— O before: A ¢ =
2 = Ao i
100 71— i I —— ‘ LI A | E 40 a : afler: A - —]
B — i = after: B ® .
I~ ~ ] o0 E— 4 after: C =
B ] - A 3
80 — - o Ea2iT40%2] J‘”@E?$Q??' E
- O O O i 1.0 — | l | —T1 I_l_:
— - 5 i o - (b) smgles 0 E
EI - O B - 0.8 rate O —
. 60— —] ﬁt\g 0.6 . O o —
g - O Ocathode i L o 04 A O o —
< B - ap = A O 3
= 40— ® anode — En 0= A .aast D0 —
— = - A 3
o - )y C’: 0.0 M?T?HT'.HIM—T%
Y = ]
2 oq E__ o — E . f_ (c) dark current N E
- e © ©® o o N S5 - o
— L | ] | - ] E 4 — O —]
0 T S IR I RS - B ]
8 8.5 g 9.5 10 e : i

2f h
l’g < = A at8o A ...:
. e - A i
Operating Voltage [kV] o Casadafaanst?y’ .?m...'-lf. E
7 3 2 10 11
- SAU,-'-:.I_ Operating Voltage [kV]

H. Sakai et al, to be published in Nucl. Instrum. Methods A
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SILICON LIFE?
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GAS DISCHARGES - THE ORIGIN OF LIFE?
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