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Aging Phenomena in Wire Chamlbers: 40 Years Ago

A permanent degradation of operating characteristics under sustained irradiation
was found to be the main limitation of long-term wire chamber use in experiments

NUCLEAR INSTRUMENTS AND METHODS g9 (1972) 279—284; © NORTH-HOLLAND PUBLISHING CO.

TIME DEGENERACY OF MULTIWIRE PROPORTIONAL CHAMBERS
G. CHARPAK, H. G. FISHER, C. R. GRUHN, A. MINTEN, F. SAULI and G. PLCH
CERN, Geneva, Switzerland
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The deterioration with time of multiwire proportional chambers lifetime can be obtained without changing the properties of the
using isobutane as one component of the gas mixture is studied. gas mixture. Irradiation tests of 5 X 1019/cm?2 have not shown any
It is shown that by addition of methylal among others, a long alteration in the chamber performance.

.. e T e LN St
‘Classical Aging Effects’ lead to deposition - Rate dependent shift of the ]
of polymers on the anode (and/or) cathode - oo gfg;?];?gz @thteaa‘;
surfaces and manifest themselves as: 1o} i —
» Loss of gas gain, energy resolution and Nf !
reduction of the plateau region 2 19}
» Electron emission (Malter currents) O
« | 02 i ~
» Sparking
10

» Self-sustained current discharge



Aging Phenomena in Wire Chamibers: 30 Years Ago

Proceedings of the
Workshop on Radiation Damage to
Wire Chambers

Lawrerce Berkeley Laboratory, Berkelay, California

January 16-17, 1986
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REVIEW OF WIRE CHAMBER AGING * >

J. VA'VRA @Q

Stanford Linear Accelerator Center, Stan’ 0\\ qo California 04305, USA
P
s @‘?o

This paper makes an Q Q} .amber aging problems as & function of various chamber design parameters. 1t
emphasizes the chem’ @% éo Jany examples are drawn [rom the plasma chemistry lield as a guidance for a possible
effort in the wir- (‘) et emphasizes the necessity of tuning of variables, the importance of purity of the wire
chamber env”’ v .ovides a practical list of presently known recommendations. In addition, several models of the
wire che ¢® 6 ely discussed. The paper is based on a summary talk given at the Wire Chamber Aging Workshop

hcl’J & é Luary 1617, 1986, Presented also at Wire Chamber Conference, Vienna, February 25-28, 1986,

\0 o 4} Nuclear Instruments and Methods in Physics Research A300 (1991) 436-479
A North-Holland
5

GQ Wire chamber aging *

John A. Kadyk
Lawrence Berkeley Laboratory, 1 Cycloron Road, Berkeley, CA 94720, USA

Received 27 June 1990

An overview of wire chamber aging is presented. A history of wire aging studies and the manifestations of wire aging are
reviewed. Fundamental chemical principles relating to wire chamber operation are presented. and the dependences of wire aging on
cerlain wire chamber operating parameters are discussed. Aging results from experimental detectors and laboratory experiments are
summarized. Techniques for analysis of wire deposits and compositions of such deposits are discussed. Some effects of wire material
and gas additives on wire aging are interpreted in chemucal terms. A chemical model of wire aging is developed, and similarities of
wire chamber plasmas 10 low-pressure rf-discharge plasmas are suggested. Procedures recommended for reducing wire aging effects
are summarized.

It is difficult to understand truly any present aging measurement and extrapolate it
to other operating conditions - reality is a complex mixture of many processes



Aging Phenemena in Gaseous Defiectors: 15 Years Ago

High Energy Physics
Experiments entered a
new era which required
operation of gaseous
particle detectors at
unprecedented high
rates and integrated
particle fluxes

(... a lot of “new and
unexpected experience “
from HERA-B @ DESY)

Workshop contributions
appear in NIMA Vol.515

[EEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 49, NO. 4, AUGUST 2002

International Workshop on

AGING PHENOMENA IN, GASEOUS DETECTORS

2001

Topics will include:

- Coping with classical aging problems

- New aqging effecs

- Models and new insights from plasma chemistry

- Materiaks: Lessons fordetectors and gas systems

- Experiences with lame detector systems

- Recommendations for future detectors

”~

Desdline for registration: August 1, 2001
Desdline for aubmiaaNh@tmmaz June 29, ?um

-

DESY, Hamburg  October 2-5, 2?01

-
Proceedings to be published in Huclesrinstruments snd Methods A

-
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Summary and Outlook of the International Workshop
on Aging Phenomena in Gaseous Detectors

(DESY, Hamburg, October 2001)

M. Titov, M. Hohlmann, C. Padilla, and N. Tesch
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Aging Phenomena in Gaseous Defectors: 10 Years Ago

Summary of aging results from high-rate laboratory tests and experiments

Wire-type detectors:

2004

Takle 1. Aging results withwite detector prototypes for the use o high ener gy plorsics favilities.

Tabk 2. Summary of agig erperierce writh hiicro Pattemn Gas Detechars

Micro-Pattern Gas Detectors:

Experitment, | GasMlixtie | Gan Cathode | Charge Cas gan((F); Cuer et
Detectot, teduct on' aging Clem | density(T); Rate (B, Irradiated
Feference etching area (D)

HERA-B | AriCF/CO: | Noidu No 046 G-3*10%; 1-04-09pdicm;
OTR [3] (65:30:5) | damage 100MeV wheam; 5-5em’
HERA-B | Ar/CF,/CO, | No NofF-film | 07 G~10-10% 1 ~ D3pdiem;

MUON [35] | (65:30:5) on Al cath. R<10° Hziem®; §-1200cm’
HERA-B AriCF, No TNo 007 G-107; I ~ 0.15p4/em;

MUON[35] (70:30) R~10' Hzicn’; §~150cm’

ATLAS | Xe/CF/CO; | No No 20 G~ 3*10% I ~ 0.7 pifem;

TRT [I548] | (70:20:10) 524 em’

Straw Xe/CF,/CO; | No/Au No 9 G-3410% 1 ~ L7pdlem;
R&D[45] | (70:20:10) | cracks R~2*10' Hz/em'; S-lem’
Straw ArfCF4/CO; | No/Au No 15 G105 1 - 1.7pd /em;
RE&D[45] (60:10:30) | cracks R-10° Hz'em?®; §-lcm
CMS AFfCF4/CO; | No/ &u SiFfilm | 134 G6*10%; [ ~ 2 feam;
MUON [14] | (40:10:50) | cracks on Cu cath, R-2*+10f Hz/em®; §-lem?
CMS APICF4CO; | No Si-F film 04 G105 1< 005 pdem;
MUON [46] | (40:10:50 on Cu cath, R-2*10 Hz/cm';5-21000cm’
LHCB | AriCF,/CO;, | No Etchingof | 025 G~10; 1 < 003 pem;
MUON [52] | (40:10:50) FR4 hars R~3*10f Hz/em'; §-1500cm’

COMPASS | AriCF/CO; | No/ 5i TNo 11 G-4*10% I ~ 4 pdiem;
Straws [53] | (T4:20:6) | traces R-2*10° Heiem®; §-3em”
HERMES | AriCF/CO; | No Aletching’ | 9 G-5*10%; I ~ 1 piem;

FD [47] (90:5:5) C1deposits R~10° Hz/em'; §-7cm’

ATLAS Xe/C0,/0; No No 11 G~ 3#10% I~ 1-3 pisem;
TRT[16] (T0:27:3) 51 cm’

ATLAS Xe/C0,0; | No/Si No 03 G~3*10°; 1~ 0.1 pd/em;
TRT[14] (70:27:3) | depodis 51 cm’

ATLAS AFIC Oy No No 0.7 I~ D1pdiem;
MDT[55] (90:10) R~4*10° Hz/em’; 5-7500cm’

ATLAS ArfC Oy No No 15 | G-2*10% 1~ 005024/ em;
MDT[56] (93:7) R-8*10° 10 Hz/em’; §-90cm’

ATLAS ATCO; | YesiSi No 02 G-9+10% I ~ D02pddem;
MDT[57] (93:7) deposits R~5*10° Ha/em';§~15000cm’

CMS ArfCO;, | Yes/Si TNo 0.76 G-6+10%; 1 ~ 2 pAfem;
MUON[14] (0:70) | deposiis R-2*10f Hz/em®; §~ 1 em?

Dretector tape Iiftcoae Gt Charge |Camerd | Imwdistedares; Frad.
reducio | mOmm? |dmety | Imadivtorrae soIrce
LG s mm
WS ArDME Ho 1] 10 3 o 64 eV
o5, 104] (010 10° Hramm' X1ws, |
WE G [66] ATDME Ho 1 [ 020 Sxam’ 5 4 BEV
(50 50 £*10° Mz rmn* Xravs
WS ATDME Amode 50 o 03*0.Ema’, 5 4 eV
[66] (50 50 deposit 2*10" Mz xmn* Xravs
hE O+ GERD ATDME Ho k1] [ 020 Sxam’, & 4 el
[&6] (010 2*10* Hzrmnt Xravrs
NS GU+GER ArDME Ho 5 3 - 113 moma', fheV
[51] (50 50 2*10" Mz mn* Xravs
ME L+ GER ATDME Yes {1 1 -~ 300 m";l At
[51] (5050 10 Hz A’ Xraws
ME O+ CER AxiCD, He 11} 3 F50 Tt Bhe\
[51] 030 2*10" Hzrmn* Xravs
Doukle GEN AxCO, Shgha s [ R 5 4 hEW
[f7] 030 fain Loss 740" M X-rays
Tripk GEN AL, Ho n 13 15 ram 5 4 eV
[&£] 030 610" Hzrmn* Xravs
Dukle GEN A0, HNo j F3 4 T00 7T, kel
[£2] 030 5410 Mt Xraws
Topk GEM ACO, He i1 10 1H0 r T, )
[™] 030 20" HzAnan* Xravrs
Tripk GEN A CESCD, < & W ped] i | 1, 5 0 el
[1,72] (600 20y 5*10° Mzt Xraws
Topk GENM AnCESCD, = 5 0 45 160 11’ & 0 el
[7] (45 0 15y 5410F HzAan* Xravs
[ o Ar/CESCD, Yes! H M 020 T R
[73] (454015 5505 Lo
Topk GENM ArCESCH,, | ~ 100 no 160 Tramn’; 5 0 eV
7] (65 28:T) 5*410F HzAman* Xravrs
Triple GEN+ CF. (100 Ho nl ] 100y Heg TV
CsI[E] 0" Hrinm'
Hel CH Yes! m 50 16mmn'; 33Hz | 53 MW
[4] 19y 35 0% garkrate -5
MAToruesas Axy CF. Mo X m [ e Bhel
[7%1 (55} Xravs
CESC. M Ho L6 5 0 T Bhel
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o s A CH Mo 18 1] i, 1oV
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Mioronegas+ Ax/co, Mo B 17 Trmn' 5 A eV
| GEW[TT] N30 Xxays |
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DIRAL [id] 60 40 drop 3+ 10 Hz doon Prohmns
I GEM 78] A0, Ho 13 310*30rmn", | Conpass
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Mechanism of Polymerization in Wire Chambers

Free-radical polymerization is the dominant mechanism of the wire chamber aging

During gaseous discharges many Whereas most ionization processes
molecules break up due to collisions require electron energies > 10 eV,
with electrons, de-excitation of the breaking of chemical bonds and
atoms, and UV-absoprtion processes formation of free radicals requires ~ 3-4 eV
CATHODE SURFACE Polymer deposition mechanism

! = chemistry of gaseous discharges

Whisker
on catiode Toits , and nearby electrodes:
é A radical ready

ﬂ to polymerize
Neutzal 9 @ e Chemical reactions between polymer

GAS FLOW
fi atoms and atoms of the electrode material

Charged polymer partially
stuck to the . )
surface e Electrostatic attraction to the electrode

A (many chemical radicals are expected
to have permanent or induced dipole

ANODE SURFXQE / moments)

Modification of electric field

Avalanche =7 Palymer stuck
t3 the surface




Aging Phenomena in Gaseous Detectors

Implicit
assumption:

=-(1/G)(dG/dQ) (% per Clcm)

* aging rate is proportional only to the total accumulated charge

(Kadyk’| 1985

This model was not proven ...

Aging phenomena depends on many highly correlated parameters:

Microscopic parameters: / \ Macroscopic parameters:
<€ >

» Cross-sections
» Electron or photon energies

» Electron, ion, radical densities

)

There are simply too many variables

in the problem =

would be too naive to expect
that one can express the aging rate
using a single variable (C/cm)

» Gas mixture (nature of
gas, trace contaminants)

» Gas flow & Pressure

» Geometry/material of

electrodes & configuration of

1985

CLASSICAL
— AGING:

electric field _

—_—

e Construction materials

e Radiation intensity

e Gas gain, ionization density
e Size of irradiation area

- 12000

‘NEW
— AGING’
EFFECTS:




1. Classical Agiing Effects: Polymerization of hydrocarbons

102

* All hydrocarbons, including the simplest
CH,, polymerize.

—
-
7

» Mechanism of CH,, C,H,... polymerization
is relatively well understood (hydrogen
deficiency of radicals and their ability to

i
NG S i T

l

Rate of aging (%,/C/cm)

form longer molecular chains) W |
& P10, CH4 45, S5 wire e SR
. m P10, Au wire ——"mi;“""
» Pollutant molecules/trace contaminants gl | N | .
may trigger and/or accelerate hydrocarbon a_° Aosieta Current density (nA/cm)
polymerization 102 10" 10° 10' 102 10°

(M. Capeans, Proc. of 2001 Aging workshop)

NIMA307 (1991) 298



2. Classical Aging Efiects: Silicon confaminafion

The silicon contamination is one of the most serious problem for gaseous detectors

Gain-charge oil-no oil
—

1'3: e ] Example: “Voagtlin” flow regulator (rotameter)
-gmi_ e . . 1 specially produced by company and claimed to
B | Ar-DME (50500 ] be free from any Iubrica_nts (particularly Si-
<1af . _ - - based]\ Rotameter was ‘

b NORMAL ] installed in the
' ; 122 | gas system
0 e TR B 1 . 0.95
5 . | o X
. _ : OIL BUBBLER AT QUTFUT - _: ; 0.80
07f . § | : % o \\
i _ ] = g_gi ""-.\
05k . . | . . ] o 50 _ 100 150 200
0 20 40 60 80 100 120 Time, hours
Charge (mCfem)
Examples of silicon-based pollutants: Si molecules should be avoided
in the system at all cost:
» Silicon rubber sealants and adhesives
» Silicon potting and encapsulation compounds > If there is a question if some device
» Silicon vacuum grease (O-rings, mould-release may incorporate Si
agents) and various oils
» Detergent residues (sodium metasilicate) - IT SHOULD BE SUBJECT
» Glass and related products TO ADDITIONAL ACCEPTANCE
» Fine dust, polluted gas cylinders, diffusion AGING TESTS

»pumps, standard flow regulators, molecular sieves
(J. Va’vra, NIMA252(1986)547; J. Kadyk NIMA300(1991) 436,
M. Capeans, A. Romaniouk, F. Sauli, Proc. of 2001 Aging Workshop)



2. Classical Aging Efiiects: Silicon confaminafion

Silicon has been systematically detected in analysis of many wire deposits,
although in many cases the source of Si-pollutant has not been clearly identified

)
&

e
oy

r: 1400 ppm ethylene, 1 (')O ppm propylene,
Yo gain loss (about 0.13 coulomb/cm). ) \ 1QQ( t
AN AR : <_ i VIA400( U
Effect of Si-based lubricant initially used
for the straw production




3. Classical Aging Effiects: Malter Efffect

insulating layer

lons are not neutralized at the cathode

}

Large electric field across the insulating layer

}

Electrons are ‘pulled out’ from the cathode

» Malter effect is induced by insulating b
deposits on the cathode a*) §
>

—_—

cathode
The RICH-GRID Detector The microscopic non-conductive layer on the cathode
(First imaging of Malter effect): will impede the ion flow (appearance of the dark

current), in some cases it can lead to classical
Malter effect (exponential current growth)

sporadic bursts of single electrons ) w  ms  m  ms  m  ms n  oms  m  F
from a localized cathode spot. i e e :
J. Va’'vra - NIMA367(1995) 353 E2s0 - SDE
llillillfl—j B w %‘J
Factors which facilitate an ignition: R current :
» Poor cathode conductivity and/or ?—* J/ T
microscopic dielectric insertions Particle rate 1.
1 LR EL Fdle |
» Highly ionizing particles, sparks, . E
diSCharges .7505 = I2I|JI Tas I2|1I = I21|_sI = IzlzI = Izzl.sI B Iz;ILsI g 0

24
time [hl



Large area Gaseous Defectors: what has changed since 1960 ?

Radiation levels not even thought in ‘1980: (from mC/cm — many C/cm)

‘Low & Standard radiation levels’
(LEP,HERA ep, BaBar,Belle, CDEDO...)

» Basic rules for construction
are known and tested

» Detectors are built and
demonstrated to work

» Huge variety of gases are used

» If aging is nevertheless observed :
add oxygen-containing additives
(to suppress CH, polymerizaion/
and/or Malter effect)
(and/or) having identified the source of
pollution, try to clean the gas system

‘High radiation levels’
(LHC, HERA-B,...)

» Enormous R&D done
(RD-10, RD-28, RD-6, HERA-B,
ATLAS, CMS, LHC-b, ALICE, ...)

» Some basic rules are found
» List of clearly “bad” materials

» Only a few gases can be used
at high rates

» New classes of gas detectors — straws,
MSGC, MPGD, Csl, RPC with their
own specific aging effects evolved



Aging Experience wifh High-rate Deftectors of the LHC Era
New Class of Gas Detectors X

NT 1010 i I— Sillilcl;;n Tra[:k.e'rm1
(HERA-B, LHC, Micro-Strip Gas Chambers): 5 INMMC _sec 3
9 ] — OTRIATLAS
S 1N straws -
Radiation hardness is of a primary importance ] = \\ 4m=10C/cm
N in 10 years
2 1 HERAB N ]
» Use of NASA & RD28 experience to select materials S 10" & \E =
» Gas choices are extremely limited S b
» Outgassing is serious (normal & radiation-induced) . H1 S N
» Extraordinary ultra-clean system quality | R ;.S
(assembly materials/procedures, quality checks) 1 10LEP 102  10°

radial distance [cm]

AVOID “TRIPLE JUNCTIONS” at HIGH FIELDS: ADD INSULATORS WITH GREATEST CARE

7/ INSULATING LAYER

If conductivity @ Maximum Rate
. of the gas i oR e Capability:
1 becomes a . 5 @ oo (to prevent
“VIRTUAL TIP” higher than 2 .:Vf;, PO charge
insulator q & o ) - @ build-up):
nsulator ' metal lrradlat.on) !I\:é | 1/(10 8!‘ 80 pV)
I — 8
ELECTRIC FIELDS ARE DETERMINED DETECTOR WHICH USE INSULATORS MAY
BY CAPACITIES AND CURRENTS FACE RADIATION-INDUCED INCREASE

Proceedings of 2001 Aging Workshop, NIMA515 OF SURFACE RESISTIVITY



Aging Studies for the HERA-B Outer Tracker

Honeycomb Drift Chambers with carbon-loaded polycarbonate foil (Pokalon-C) used as a cathode:

75 pm C-doped Pokalon foil plated with

Cu(40nm) + Au(40nm)

AGING RATE
DEPENDS:

Stycast
+ Catalyst 9

— signal wires — ____ g
$2 £a B
G
= g wire support

bridge (FR4) /
2

3

12

» PARTICLE TYPE
» PARTICLE ENERGY
» IRRADIATION AREA

25 pm Anode Wire
(gold plated lun(ﬁ.]ston)l

V// /4

monolayer multilayer /
AN b O\
Facility Radiation | Bhdiatidp | Radiation | Irradiation |  Gas | Effect i %ggj;;k," Radiatlon | Irradiation | Gas | Bifect
Type Density Density area Mixture | seen’ Rossendorf 5 mC‘.-"m\) 0.3 pA/ecm ~0x9 cm? Ar/CF,/CH,y | NO
Zeuthen [scem \ 15pAem | ~13em | CF/cH, | NO' iy ot G
, , Rossendorf 3 mC/en (1.6 nA/cm ~1x3 cm? Ar/CF,/CH, NO
X-Ray Mo (35 keV M
= ( ) a-part, 28 MeV/e
Dubna 0Cem | SuAlem | ~0.5xTem= [ AVCE/CO, [ NO PSI ~mC/em| | 02 uA/em | ~0.5x0.5 cm? | AUCFy/CH, [ NO
; - ; 70 MeV/e YES®
X-Ray Cu (8 keV) U
) — PSI ~mC/emf [ 0.02 pA/em | ~12x22 cm? CF,/CH, YES
HMI [0 mC/em | 0.1-3uA/em | ~100x 30 em? | Ar/CF,/CH, | NO . M
427 7/p 350 MeV/e
Electron 2.5 MeV Karlsruhe ~mC/eny | 0.02 uA/em | ~7x7em?® | A/CF,/CH, | YES
HD ~mC/emf| ~0.1 pAlom | ~46x30em? [ AvCF/CH, | NO a-part, 100 Mevie ]
i -~ HERA-B ~mC/cgh [ 0.03 pA/em | 100x30 cm? All gas YES
- L
X-Ray Cu (8 keV) P(920 GeV)-N e

\

X-rays or e” can not trigger
Malter effect independently of

their energy or radiation intensity

Hadrons a%{)ve certain energy produce
Malter effect at ~mC/cm as in HERA-B

(Irradiation area above certain limit is
necessary for ignition of Malter effect)




Aging Studies for the HERA-B Outer Tracker

Initiated Intense R&D program:
All building materials (glues, plastics, wires) and technique were tested and validated:
use only ‘allowed’ consruction materials and gases, carefully check the way detectors are built

Chamber would not operate in Stable gain for more than
HERA-B longer than 10 hours 2 HERA-B years (~ 1C/cm)

« Indications that the pokalon-C
is responsible for Malter effect and ™=
impede the ion flow at high rates

« Coat 1200 cathode foils with
40 nm Cu (good adhesion to plastics)
+40 nm Au (gas contact)
e

e Fast anode aging is due to
Ar/CF,/CH, (74:20:6)

e Change to Ar/CF,/CO,(65:30:5)

A 4

C. Padilla, Proc. of Aging Workshop 2001



45 pm Au-plated W

< ® Ar/CF./CH.(74/20/8) : 268
Yy | v Ar/CF/C0.(65/30/5) gasinlet 14 / cell 16

; m Ar/CF,/CH,(67/30/3)
< / | O L ] . -I L ] Dr.*_ L ] o

—E

12

call 1 Al profile gas outlet

» PARTICLE TYPE

X-Rays (Laboratory):

] 500 1000 1500 2000
Charge mC/cm

08

AGING RATE

M. Titov et al., DEPENDS:
Proc. of Aging Workshop 2001

N |—e— Q=80 mCrem | i

: P PN : aly | ® 0=170 mC/em|
----- b D e Y s 0 mem

0 AT

Efficiency ( %)
g

S Ttee... > mRADITION AREA
N R e o S » HIGH VOLTAGE

D QD N\ D D S D D D D N D D
[ A T R - (AR

Position along the wire ( mm )



Aging Studies for ATLAS Muon Dri

1

[
i mw:fﬂmmﬂmlng-[ -
| B 3.3kHz / Z5mm Opening
2 128kHz /! 22mm Opening
F ® L#kHz / 3000mm Opentng

F.

AICHIN;ICO, (94:3:2:1)

=
=]
R

—
=]
[

A |

Cumulated charge tm miCiom

» IRRADIATION AREA

- 359'
'||" Ihgemum ode wire It
» HIGH VOLTAGE \

Tubes (MDT)

W LEI NPT W I WL

Em”
% ﬁ}\ I
2 g oA am:ruu:zsmopemg — _j—_!
5 : :ﬁﬁ:,mgwmg =—{

Comata v ol
» IRRADIATION RATE
AGING RATE
DEPENDS:
» GAS FLOW

& 3505 Vot / 038 i:l[:.'.km/

E
B 3460 Y E
¥ 3505 Yol / 098 kHziem g
O 3505 Yolt/ 12.5 kHzdkm b -
& 340 Yolt/ LB kHziem E

oft / 12.5 kHzAm

w? —N ® 12.5kHz /3Smm Opentng / 3505V

i3

3
L0
Colllmator aperture In mm

500
Gas Tiow in mif

M. Kollefrath et al., ATLAS MUON-NO-012 (2001)




Aging Studies for ATLAS Muon Drift Tubes (MDT)

Ar/CH,/N,/CO, (94:3:2:1): Most likely polymerization of hydrocarbons
(no indication that impurity/contamination caused aging effects)

MAG= ¥ 500.  PHOTO= O
R ——
UONS FREIBURG FIL No 3

EDX N2

m—RAYE o — 10 kel
Liwes 100= Presets 100= Remainingas o=
Feal: 141 = =3% Dead

; EDX N1

= I

! A

> A
= b
—.n0 S.0392 kel

<
FS= =10 ch S13= 215 ct=
MEM1:=LIREE Mo 2, ed=x 1. Z0-T-S5F

fAG= X 1.50 K PHOTO= 0

= Dead

EDX N2

0 C
W A
uM Lt

k=
=e=ts 100= Remaininas
1=

o=

< -0 2.571 kelt
FS= Yk h 2e7S=
MEM1:WIRE HO =, EDOX =2, 20~-T~5SF
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Damage of the gold-plating of wires in Xe/CF4/CO2 (70:20:10)

* Main components responsible for anode wire damage (current densities ~5mA/cm) are
reactive species produced in CF, avalanches (effect depends on type of wire)
* Neither gold wire damage nor cathode surface degradation in ATLAS TRT straws were
observed for H,O concentrations below 0.1% in Xe/CF,/CO, up to 20 C/cm

OSRAM wire, 3 % Au
Standard mixture +1.2% H,0 and 1.5%0,
0.5 Clem

OSRAM wire, 3 % Au

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

WO deposit

Toshiba wire, 7% Au,
Standard mixture +~0.4% H,O {NO O},
5 Clem

| After 21 Cfcm

OSRAM wire, 3 % Au
Standard mixture +1.2% H,0 and 1.5%0,
Total dose: 0.5 C/icm

Luma wire, 5 % Au,

Ni-substrate

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

Toshiba wire. 7% Au,
Standard mixture + <0.1% H,0 (NG O},
20 Clem

A. Romaniouk, Proc. of Aging Workshop 2001




Elecironegative radical production in CF4-based mixtures

Evidence of long-lived and highly electronegative radical production in the "monitor
chamber’ downstream the strongly irradiated straw in Xe/CF,/CO, (50:30:20):

Straw+PC CF4 irradiation
a5
200 T T T T T T

X.-ray generator ELECTONEGATIVE
] MOLECULES

/‘ 150 |

100 |

Irradiated chamber Monitor chamber 01
{dmm dia. straw chamber)

T
RD-10
July 1993

Counts

STRAW IRRADIATION ON

STRAW IRRADIATION OFF

a

(M.Capeans et al., NIMA337 (1993)122, y | rat e : L. | .
V.Bondarenko et al., Nucl.Phys.B 44(1995)577) e = = 2

Pulse Height (ADC Channel)

Gas flow dependence of the current for the ‘partially’ aged wires in Ar/CF,/CH, (67:30:3):

2 T T ) ROF T T
= <
=~ «| AIICF /CH4(67'30'3) = Ar/CO, (70:30)
& o  3lh  15lh A 3lh
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o qw M 3 m.;.-“m“ o
‘c “"M
20 M sl . « Reference wire
Reference wire *'ﬁ'.n*,:i-:a%s REFLIA w&.«".-«“* fwmiNldy
% 20D 400 600 200 o

£600 6650 5700 E750

Time/20 (s)



A few infermediate remarks on aging phenomena:

Description of aging rate by a single parameter: R=-1/G(dG/dQ) is not adequate

Initial stage of radiation tests usually performed in the laboratory may not offer
full information, needed to give an estimation about the lifetime of the real detector

Clear evidence for aging dependence on:

> size of irradiated area @~ aging as non-local phenomena

» frra.dlat.lon rate Effect of microdischarges & Malter currents:
» ionization density — increase in polymer production rate or

» high voltage (gas gain) production of new reactive species

» particle type and energy

» gas exchange rate

» The aging performance can not be predicted only based on the gas mixture
composition (it can work at low intensities and fail at the high-rates)

» The counting gas under self-sustained discharge is much better conductor than
many insulators



Advanced Concepts: Detectors @ High Luminosity

Drift Chamber 1D easily saturated = 2D = 3D

Al

¥

MWPC u/ Higher Rate, enormous occupancy:

d
i |

'»% » Silicon detectors:

i 4> Strips 2> Pixels (2D)~> 3D-Si det.
‘ & 3D electronics integration
» Gaseous detectors
T Wire Chamber > Wireless MPGD (2D) |
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Advances in Micro-electronics & Etching | | s
Technology = Micro pattern Gaseous Detectors 11 22 sEI




(*Many more micro-pattern structures were developed;
only widely spread technologies are shown)

MicroMEGAS (CEA Saclay, Y. Giomataris) RD51
GEM (CERN, F. Sauli) collaboration

O
5(

Capillary plate (Yamagata U., H. Sakurai)
From A.Ochi ADA2012@Kolkata (updated)

MSGC (ILL, A. Oed)

< What do we know about aging effects in wireless-type detectors ?

«<* What is the radiation hardness of the Micro-Pattern Gaseous Detectors ?



Micro-Strip Gas Chamiber (MSGC)

MWPC

|3 HRARN
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T ez

MWPC /
Drift Chamber

o

¥

/ iy RSN )
i it e

‘ il
10 pm
Typical distance between Typical distance
wires limited to 1 mm between anodes 200 pm
due to mechanical and thanks to semiconductor
electrostatic forces etching technology

A. Oed, Nucl. Instr. and Meth. A263 (1988) 351.
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Micro-Strip Gas Chambers: Findings and Solufions (1)

MSGC has entered a new dimension of sensitivity compared to MWPC due to the
filigree nature of the MSGC structure and catalytic effects on the MSGC substrate

The lifetime studies of Micro-Strip Gas Chambers (MSGC) in high intensity
environments, which had also the greatest impact on the understanding
of aging phenomena in all the types of gaseous detectors, demonstrate that
the amount of pollutants in the gas system plays a major role in determining
the aging properties of the detector; outgassing from materials, epoxies,
joints, tubing has to be carefu:lly controlled and kept at ppm level or better

Drift electrode

)
iy g ] w Anodest@ \\\\\é\k\\‘}“!’,’,’f{,ﬁlgfll/}

/ //(//’
o

3
Outgassing|
ﬂ ASe0Us i » \ }‘E“!E%’%
N Detectors : ""’i A e 2
' Y

RD28: aging results from MSGC community

|

)
(R. Bouclier et al., NIMA381(1996) 289, 9 |
M. Capeans, ICFA Instrum. Bull.24(2002)85-109) ~ E—
vNscac /
Glass support
(NASA DATABASE - Outgassing Data for selecting
Spacecraft Materials e

Back plane

http://epims.gsfc.nasa.gov/og/index.cgi) Cathode strips



Efficiency (%)

Micro-Strip Gas Chambers: Findings and Solufiens (1)

Zain-efficiancy -disch prob

= o
e ' -
100 E}‘ g.
= :
2 l
80 {2 : = 10
o | 1
© . .
= EFFICIENCY
60| <
@ L

S

40 .- '

i / ISCHARGE

L ROBABILITY
20_’ MSGC ON EXPOSURETOG

i i mDmMgEago - l PAR‘I‘ICI.ES

LA - 5
o/ : - 10°
450 500 550 600 l 650 700

. Anode Yoltage (V)

A. Bressan et al, NIMA A424 (1999) 321.

Major processes leading at high rates to
MSGC operating instabilities:

* Substrate charging-up and time-dependent
modification of the E field

-» slightly conductive support

| T
{ “Conductive” MSGC +| Uncoated

| i
anode

nirwle

‘I MSGC
il 8P |'

E-field |MV/m]
E-field |M

cathode |

S 5 [“n]] (5]

s [u-n:i -
* Deposition of polymers (aging)
-> validation of gases, materials, gas systems

¢ Discharges under exposure to highly ionizing
particles
-> multistage amplification, resistive anodes

Induced discharges are intrinsic property of all single stage micropattern detectors
in hadronic beams (MSGC turned out to be prone to irreversible damages)



MS@@DBS@ha[@@ Problems

Discharge is very fast (“ns)
Difficult to predict or prevent

L-06

2°W. Faidley - Weatharstock Inc

MICRODISCHARGES

Owing to very small distance between
anode and cathode the transition from
proportional mode to streamer can be
followed by spark, discharge, if the
avalanche size exceeds

RAETHER’S LIMIT E———
Q ~ 107 - 108 electrons FULL BREAKDOWN

F. Sauli, http://www.cern.ch/GDD



Micre-Strip Gas Chambers: Fundmgg and = “fjons (l][lﬂ)

Increased stability but severe anode
aging in Ar/CO, & Ar/IDME (0.3% H,0)
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Choice of Materials fior High-Rafe Detecfors of the LHC Era

Low Outgassing Epoxy Compounds
(Room T-curing)

Oufigassing Tests

of Some Materials

» Epoxy Compounds
» Adhesive Tapes
» Leak Sealers
» Rigid materials
» Contamination:

- User-generated
- Silicone

QOufigassing of
Epoxy Compounds

e Material itself
e User-generated
- Pollution
- Incorrect ratio of
hardener to resin
- Insufficient curing time &
temperature

Source Product Outgas | Effectin G.D. Note
CERN/GDD | STYCAST 1266 (A+B) | NO NO L"’“ﬁ:]‘:mg
) STYCAST 1266
-B/O Us
HERA-B/OTR (A+Catalyst 9) NO NO In Use
CERN/GDD | HEXCEL EPO 93L NO NO Qutol
production
HERA-B/ITR ECCOBOND 285 NO NO In Use
CERN/GDD ARALDITE AW103
Us
ATLAS/TRT (Hardener HY 991) NO NO In Use
ATLAS/TRT TRABOND 2115 NO NO In Use

‘Rejectable Epoxy Compounds’
(Room T-curing)

Source Product Outgas iEig:[[:;, Result
srinsat | tardense mvossy | VES -
CERN/GDD DURALCO 4525 YES YES BAD
CERN/GDD DURALCO 4461 YES YES BAD
CERN/GDD HEXCEL A40 YES BAD
CERN/GDD Ifgf:‘fogﬁgfﬁz YES BAD
CERN/GDD NORLAND NEA 155 YES BAD
CERN/GDD EPOTEK E905 YES BAD
CERN/GDD | NORLAND NEA 123 (UV) | YES BAD

(M. Capeans - Aging Workshop 2001, DESY)




Choice of Materials fior High-Ratte Detecfors of the LHC Era

Curing T Effect in

Source Product oC Outgas G.D Result
Full evidence of suitability ) —
(long-term MSGC aging test) CERN/GDD | EPOTECNY ES05 SIT 50 YES NO OK
HERA-B/ITR EPOTEK H72 65 YES* NO OK*
CERN/GDD AMICON 125 85 NO - OK
Ap— -
Epoxy CompoundS | cervepp | POLYIMIDE 63 NO B
3 DUPONT 2545
@U[ﬂ][ﬂg atT>50C [~raster| RuTAPOX L20 60 NO - OK
4 v CERN/GDD ARALDITE AW 106 70 YES BAD
(in order to increase the -
. CERN/GDD LOCTITE 330 YES YES BAD
sensitivity of the system,
samples warmed up) CERN/GDD EPOTECNY 503 65 YES BAD
(Silicone)
CERN/GDD NORLAND UVS 91 50 YES - BAD
Source Name Outgas | Effectin G.D. Result
Conductive ©POXY CERN/GDD TRADUCT 2922 NO OK
_ SILBER LEITKLEBER )
@@mp@undg HERA-B/OTR 3025 (A+B) NO NO OK
ATLAS/TRT TRABOND 2902 NO NO OK
- Source Name Outgas | Effect in G.D. Result
Adh@SW@ Tap@S HERA-BIOTR | SCOTCH 467MP | YES - BAD
HERA-B/OTR TESAFIX 4388 YES - BAD

(M. Capeans - Aging Workshop 2001, DESY)



Choice of Materials for High-Rate Deftectors of the LHC

Outgassing Tests
of Lealk Sealers

Full evidence of suitability
(long-term MSGC aging test)

Rigid
Materials

Era

. . 7 Effect in Global
Source Material Type Outgas G.D Result
VARIAN Solvent-fi
CERN/GDD _ SESEIHLED | NO OK
Torr-Seal epoxy resin
. . RHODORSIL Caoutchouc NO o
CERN/GDD CAF4 Silicone RTV o in very small quantities s
B o DOW CORNING | Silicone based i NO
CERN/GDD ) YES | - OK?
R4-3117 RTV in very small quantities
HERA-B LOCTITE Po]yurethane-
/OTR 5220 based YES : BAD
Effect i
Source Name Type Outgas Ge(;) 1 Result
CERN/GDD STESALIT 4411W Fiberglass YES NO OK
CERN/GDD VECTRA 150 Liquid Crystal Polymer YES NO OK
CERN/GDD PEEK (]'\Sl"]“i]]e Polyeteherether ketone NO NO OK
ATLAS/TRT ULTEM Polyetherimide NO = OK
ATLAS/TRT C-Fiber C-fiber NO - OK
ATLAS/TRT | POLYCARBONATE C-fiber NO - OK
HERA-B/ITR |  FIBROLUX G10 Fiberglass YES - BAD
HERA-B/ATR | HGW 2372 EP-GF Fiberglass YES YES BAD
CERN/GDD RYTON Polysulphur phenylene YES YES BAD
CERN/GDD PEEK Amorphous Polyetherether ketone YES - BAD

(M. Capeans - Aging Workshop 2001, DESY)




User-generated Oufigassing

NEW vs EXPIRED: NUVOVERN LW -HARDNER PUR LW (Mader Lucke AG)

A
H_ O iz
< - Z
E Polyurethane (new batch) -
. —
E107F - CH, Polyurethane (expired) =
[ ]
= -1 "Bl
© 2| .
PU 10" E
Adequate processing |- pC0, 1 I I o
2 E
z
PU — %
| component | ‘ ,E
expired { _é
107 ' J ‘ \ i | Ih Jll ‘i h T &
WY B ] e : " o B o
i | o
) ) 0 20 40 60 80 ppase 100
(F. Sauli - Aging Workshop 2001, DESY)

Aging effects in prototype LHCb straw tubes 2 “too low temperature” during
glue curing = non-polymerized glue - significantly increased outgassing rate
= gain reduction and wire deposits



Choice of materials: efching of glass wires joints in Xe(Ar)ICF4/GO2 (70:20:10)

The ATLAS TRT glass wire joint separates
electrically the barrel wire into two parts

* Much of the glass has been etched away and
wire joints showed heavy cracks after
irradiation in Xe(Ar)/CF,/CO, at high dose rates

» No gain change due to Si etching from the glass
wire joints (it seems that etched Si is in stable
gas form and exits the system)

» Surface analysis of wire joints showed fluorine
Full scale = 4.22 k counts

F /deposits while much of Si has disappeared

Surface analysis spectrum
of wire joint Baseline gas for the ATLAS TRT operation:
Xel/CO,/0, (70:27:3)
(no indication of wire joint damage)
+

Run for short periods with CF4-cleaning gas:
Ar/CF,/CO, (70:3:27)

o LR (Si-deposits on sense wires are of major concern)

M. Capeans, ATLAS week, June(2002) and will be presented at 2003 IEEE NSS/MIC; DUKHEP Note 08-02-02



Choice of Materials fior High-Rafe Detecfors of the LHC Era

Plastic pipes: PTFE, NYLON,PVC,PU  high gas permeability, possible outgassing, cheap

Metal pipes: copper, stainless stell 0 gas permeability, 0 outgassing, expensive
Qutigassing Tests of Plasfic Pipes
Material Type Outgas Effect in Glabsa 20 m of NY'O“ Pipe
Gaseous Detector | Result P
on the chamber inlet
PP Polypropylene NO NO OK ~ 1700 ppm Hzo
RILSAN ‘
o Polyamide Water NO OK*
NYLON
PEEK Polyetherether
Crystalline ketone NO NO Ok Extremely dangerous
PEEK
Polyetherether YES . BAD for MSGC, straws, GEMs
Amorphous ketone
PEE YES - BAD
PUR Polyurethane YES - BAD

There are clearly many ‘bad’ and a lot of “usable’ materials

A material is adequate or not for a very particular detector type
and operating conditions = test to match your specific requirements




Micro-Pattern Gaseous Detectors: Technologies for Future Projects

- Micromegas

e Thick-GEM, Hole-Type Detectors and RETGEM

e MPDG with CMOS pixel ASICs ("InGrid”)

CMOS high density
e Micro-Pixel Chamber (pPIC) readout electronics
Diif Cathode "'"’YR Cathode Plane iz : =+
Cathode Mesh ssmssssmsgesmssansnnan N
f Conversion Gap © ! Eomn
c Edr& MHSP Top
s <> plahede \ c thode Strip
| e i e
&
fem bottom/anod
Y MooMesh [ . R ” Transfer Ga 39 /\n de Stnp
: p £ l ......
f bt Sip mplification Region cm[ ,( THGEM 2 a (?
--------
Induction Gap

Anode Meshenmmeenenenaenenenannn

Micromegas



Laboratory Aging Studies with Micro-Paftern Gas Deflectors

More robust devices (MICROMEGAS, multi-GEM) can tolerate certain sparking
rate and better suited for the harsh environments than MSGC based systems

Tablk 2. Smmary of aging experierce with B oo Pattem G Dretectars.

Dratiactor type Iiitchxs [ Charge | Corerd | Dowdiste darea; Tmd.
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G. Puill et al., IEEE Trans. Nucl. Sci. V.46(6), 1894 (1999).



Laboratory Aging Studies during R&D for LHC-b Muon System

Many aging tests performed, exceeding the LHCb integrated charge

45-15-40 6=6x10? * - 65-28-7 6=1x104

» Local (~1 cm2): 6 keV X-Rays, —— a, ARy T oo ‘
: "U".

Hrrmalged fein

» Large Area (~15cm2): PSI M1
hadron beam

» Full detector: (20*24 cm?2): Enea- Ar/CO,/CF,: - Ar/CFy/iCq4 Hyy:
Casaccia 25 kCi ®°Co source, 0.5 + 4500 mC/cm? -~ 11000 mC/cm?
16 Gray/h | ‘

< No aging observed, except Sy S o 7 T o
high- rate Casaccia tests L1Gh years

. , _ 5 Ar/CO,/CF, (45/15/40

< High-rate Casaccia studies > —> : g 2/ CFa ( | ) .

gain reduction effects at low ratio of z’" &'.:-'.:’ﬂ"'““".""““"'w‘“’

gas flow/irradiation rate (CF4 % iyt _%"'q..‘_

etching of copper and kapton in N R R R

proximity of GEM holes) S . 'HM“"‘F‘E“”QO"“”’”” .........

« Fixed by increased gas flow

fntegrated charge onr FPad + G3d (Clfomz)



22 TRIPLE GEM DETECTORS

(31*31 cm?)
Micromegas 12 planes B o AR & 12 MICROMEGAS PLANES
5 Ry 2 * 2
o ' y MWPC (40*40 cm?)
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GEM / Micromegas in COMPASS - 5 Years of Experience

. . GEM Vo i P Micromegas:
Eﬁni— Reliable
> 100 Operation
50 — in 2002-2007:
of
of UNIFORMITY
OF
e TRACKING
-1s0F EFFICIENCY:
"0 -106 .50 0 50 100 186 O €>95 %
u {mm) ( ) In:umfu
* GEM spatial resolution ¢ ~ 70 um * Micromegas spatial resolution ¢ ~ 90 um
* Time resolution ~ 12 ns * Time resolution ~ 9 ns
225 X107 | x10° |
20 Ar/CO, (70:30) 30 £ Ne/CF,/C,H, (80/10/10)
o & NO SIGN 2
1 OF AGING 20
10-
3 (NOGAIN
4=
2F Residual (mm) DROP) | Residual (mm)
s o0 05 2 05 0 03 1
Total charge during 2002-2007: Total charge during 2002-2007:

up to 200 mC/cm? up to 100 mC/cm?



s g 3 B. Ketzer (TU Munich), 2011
5 iy 8 = Triple-GEM with central pixels
5 I M EE as readout
EE e
Upstream vetoes ngnj% 1 1 1 m 1*5:
R | f— -
R T T
since 2008/2009 N3
%
S —
\49 e

&
» Triple-GEMs w/ pixel & strip re- 4— , center: 32x32 1mm? pixels; outside: 2 x 512 strips (2D)
» Rates up to 12 MHz/cm? (1° & spatial and 7.2 ns time resolution achieved)

L)

» Detection inefficiencies in central area for two GEMs at the end of 2009
— Tracked down to Si deposits on GEM; culprit were gas leaks that allowed Si from an
outside sealant to migrate into chamber — Lesson: Never, ever use materials containing Si
XY

%

Accumulated charge during 4 years (2008-2011): ~ 1600 mC/cm?



PHENIX Hadron
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* Low-rate detector by design (HBD)

* Initial problems with sparking during
commissioning phase
— Dust during GEM construction caused inter-GEM sparking

— These in turn cause stronger sparks between drift mesh & top

GEM; tracked down to oversize HV filtering capacitors

* Required HV circuit redesign & full rebuild of the

detector in lower-dust environment (laminar
flow-hoods)

* After rebuild, HBD performed as designed in
2010 run

* Gain (3-5 x 10%) remained stable to within *

10% during 2010 run
» Accumulated charge: 10-20 pC/cm? per year

>

C. Woody (BNL),
RD51 Coll. Meeting
Freiburg May 2010
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]
=]

ESEgainunTinTaet—-l-ﬂE'l\F III.FII1.IIIII.IIII.III

LT . T - . - -

ES5 gain on T3 PIT set - 4044V

. CFy(100) .

|:illllilllllllllillll-

5 =

1 1 I ] 1] 1 I 1 1 | 1 I 1 1 1 1 I 1 1 1 1 I 11 1 1 I 1 11 1 I 1 1 | | I 1 1 | I_

% 5 10 15 20 25 30 35 40 45
Runtime [d]

M. Hohlmann, 2013 GEM CMS Technical Review, 18/02/2013



Gaseous Detectors in LHC Experinments

ATLAS - TRD - - - MDT (drift RPC, TGC
(straws) tubes), (thin gap
CsC chambers)
CMS - - - - - Drift tubes, RPC, CSC
CsC
TOTEM GEM GEM
LHCb - Straw - - - MWPC MWPC,
Tubes GEM
ALICE - TPC TOF(MRPCQC), - - Muon pad RPC
(MWPC) PMD, HPMID chambers
(RICH-pad
chamber),
TRD (MWPC)

Straw tubes




TOTEM GEM Tracker Performance @ LHC

Ar/CO, (70:30)
» Stable operation at very high rates up to 12 MHz/cm? :

» Achieved spatial (time) resolution: 135 um (7 ns) at high intensity 2* 108 s

Open . o

Closed

E. Oliveri (INFN Pisa), 3* CMS GEM Upgrade Workshbp, April 2012
M. Hohlmann, 2013 GEM CMS Technical Review, 18/02/2013



4

ioosiu'm

|

IC'S
1
’:/

v ".U

E’EE{NSS/
| ' s ol
!')/ z
-

[/
l
fo

v

i, 2012
Plig

(
{
1

j
x’.

. Cardini.
g
g
b

J
|

|
A

-



Integrated
charges
in 2012:

Triple-GEM Efficiencies in 2012:

LHCb G

EM Performance @ LHC

A18A2L: 18 mC/cm?

A18A1L: 34 mC/cm?

C18A1L: 31 mC/cm?

C18A2L: 13 mC/cm?

A18A2R: 12 mC/cm?

A18A1R: 23 mC/cm?

A17A2R: 59 mC/cm?

A16A2L: 35 mC/cm?

A16A2R: 35 mC/cm?

A15A2L: 30 mC/cm?

Beam Pipe

A15A1L: 33 mC/cm?

C18A1R: 17 mC/cm?

C15A1L: 33 mC/cm?

C18A2R: 21 mC/cm?

C17A2L: 42 mC/cm?

C17A2R: 60 mC/cm?

C16A2L: n/a

C16A2R: 35 mC/cm?

C15A2L: 34 mC/cm?

A15A2R: 29 mC/cm?

A15A1R: 36 mC/cm?

C15A1R: 41 mC/cm?

C15A2R: 18 mC/cm?

A. Cardini, 2012 IEEE NSS/MIC Symposium

(average luminosity ~ 4 x 1032/cm?/s™?

0.990

0.985

0.980

0.975

0.970

0.965

0.960

0.955

0.950

C i - 7
- Ar/CO,/CF, (45/15/40) 1
E* e
[S—— ! | 1 L
- May | July B
- o AuBUSE i
f Sept‘:emberé:
=PI B NI EPEPETEE AR APETETE AP

2 4 8 10 12 14 16

Integrated Luminosity 2012 (to October 15")~1.5 /fb™*:

» 120 mC/cm? total integrated charge (average)
(2010 + 2011 + 2012 data taking periods)

> 60 mC/cm2 in 2012 (max) - until Oct. 2012

1 » No indications of “classical” aging




MPGD Technologies for Energy Frontier (sLHC, LC)

Ongoing R&D Projects using MPGDs in the framework of HEP Experiments

ATLAS GOSSIP GOSSIP
/InGrid /InGrid

CMS
ALICE TPC VHPMID
(GEM) (CslI-
THGEM)
Linear TPC(MM,
Collider GEM,
InGrid)

Micromegas Micromegas

GEM GEM

DHCAL
(MM,GEM,
THGEM)

CMS GEM:
Trapezoidal GEM Prototype (99 x 45-22 cm?2)




Advancing MPGD Technolegies for Nuclear and Hadron Physics
... MPGD are mostly used/proposed for high-rate tracking and pl'c}q, ‘etectors

- COMPASS Upgrade: S
» Micromegas and GEM detectors for high-rate tr- ‘(/ g
» Photon Detectors Using THGEM technology fO'@&o H1
- KLOE2 Upgrade: 4@@

» Large-area cylindrical GEMs for Inner T.éb .er

&y
. %
- RHIC Upgrades: 5

» GEM Tracking for STAR Experimr &
» GEM Tracking for PHENIX Exp” <& snt(+ drift micro-TPC);
development of Ring Imagir@cg}’ sion of HBD for particle ID

» Future JLAB Projects- Q’g“%
» Thin-Curved Microme ,Y.or JLAB/CLAS12

» GEM Tracker for JL;&;\ «all A High Luminosity (SBS) experiments

<
- Future FAIR F & .cy:
» GEM Tracker \bﬁ GEM TPC for the PANDA Experiment

> GEM/Micrr\gg&,as tracking in CBM Muon Chamber (MUCH)
>

- Futurr \J.ctron - Ion Collider Facility:

» Trar coefz; and particle ID detectors based on MPGD-technology

... NOt even a complete list ...




R (cm)

GEMs for CMS High Eta Project (1.6 >n >2.1)

Large Prototype: GE1/1

CMS missing redundant tracking capability
in high h-region (in particular, ME1/1-2/1):

800

‘MB4 -/ DT i o =-o'8 g RPC
700 | — . =
MB 3 ‘ /

/2 i
- [~
/27—

Formally approved as a CMS R&D project
of interest (April 20, 2012)

A

bout 1000 m? ;

216 triple-GEM detectors

Total GEM foil area

Manufacturing plan

Station Nbr of modules Module area Total Nbr of modules
(containing rectangle) (w/o spares) (3ple GEMs) (preliminary)
1 18x2x2=72 ~0.43m? (440x990) 72 0.43x72x3= 93m? Yrs 2014+2015
2 36x2=72 (long) ~2.4m?(1251x1911) 144 (2.4+1.6)x72x3= 864m? Yrs 2015+1016

36x2=72 (short)

~1.6m?(1251x1281)




Futur@ Agnng Tests of CMIS GEMs at GliF /| CERN

/

Pre-mixed

Jeremie Merlin
(Strasbourg/CERN)

Ar/CO,/CF, (45/15/40)

GC-MS (>2L/h)

Plan

- 2013-2014 : Ageing test at the Gamma Irradiation Facility
(GIF,CERN)
= _ }2«'013 Outgassing tests (GIF CERN)




Resistive MM for the ATLAS Muon System Upgrade

The ATLAS Small Wheel Upgrade:

ina single device

2300

1740
s Large SeC(OII' P 14020 M4
3 i Small sector
g 75,58 ;
Eonat 3 1400
Resistive strip Micromegas has been chosen as the ~ 1200 m? of
baseline option for the upgrade of the Small Wheel: Resistive MM
Sector Nbr sectors MM layer area Total Nbr | Total MM PCB area | Manufacturing plan
Nbr chambers/sector (containing rectangle) MM layers (preliminary)
MM layers/chambers (w/o spares)
Small 8x2=16 From ~0.68m? (696x980) 512 0.88x512 = 450m? | Yrs 2015
4 \ +2016
4x2=8 To ~“1m? (1420x730)
Large 8x2=16 From ~0.96m? (1036X930) 512 1.5x512=768m? | Yrs 2015
4 ) +2016
4x2=8 To ~1.9m? (2300x835)




Resistive Micromegas Technology for fhe ATLAS Muon System Upgrade

Bulk Mesh
e e e L Two resistive prototypes (R17) were sent to
128 um Saclay for performing aging tests

Y readout Resistance to GND: 80-140 MOhm

17A Resistance along strips: 45-50 MOhm/cm

X readout Resistance to GND: 60-100 MOhm

178 Resistance along strips: 35-40 MOhm/cm
Geometrical properties

Strip pitch/width for all: 250 pm/150 pm Both detectors show similar gain properties

Top layer ( Resistive strips): 35 um thick Re-characterized at CEA for different gas mixtures
Insulation (coverlay): 60 um

Y strips (90 degrees to R strips):9 pm Cu _ T T T T T T
Insulation (FR-4): 75 um 51200 ¢
X strips (same direction as R strips): 9 um Cu I

25600

—
]
o]
3

T

Absolute gain
2
=]
|

gain = 5000 ]
3200 %//\A/ |
I R17a 7%C02 —— |
1600 R17b 7%C0O2 —&— -
R17a 10%C02 —¥—
Sﬂﬂ | | | | | | | | R‘Ilj“Ib LG%CDZ |

480 490 500 510 520 530 540 550 560 570 580 590 600 610
Mesh voltage [V]

J. Galan, 2013 Vienna Chamber Conference, 12/02/2013



Resistive Micromegas: Summary of Aging Studies

X-ray beam Cold neutron beam Alpha source

»R17a detector is exposed to different radiation
natures.

»R17b detector is kept unexposed.

» Gain control measurements are performed before and
after each exposure.

» After the ageing both detectors are taken to the Hé6
CERN-SPS pion beam line.

»The goal to accumulate an integrated operation charge
equivalent to the one would be obtained at the HL-LHC
for 10 years for each type of radiation.

Ar/CO, (90/10)
J. Galan, 2013 Vienna Chamber Conference, 12/02/2013



Resistive Micromegas: X-Ray Aging Studies

600 L M h T II — 1 - - 1 - -1 - 1 - T - - 1 T " T T T 700
Non exposed detector geasin fg!{?ﬂ) x
Acumulated charge : 918 mC 1 600 225 mC/cm2
550 F in 21.3 effective days. .
< 1500 @
§. = versus
5 1 400 §
5 500 i
= {300 = 32 mC/cm2
g g
= 450l 1200 © :
Estimated per
71 100
HL-LHC year
400 L L L | L L L | L L L | L L L | L L L | L L L | L L | L L L | L L L | L L L | L L L | L L L O
26/Sep 28/Sep 30/Sep 02/Oct 04/Oct 06/Oct 08/Oct 10/Oct 12/Oct 14/Oct 16/Oct 18/Oct 20/Oct (ATLAS Muon)
R17a irradiated detector R17b non-irradiated detector
14k T T T T T T T T ] 1ak T T T T T T T T ] g_holes maSk
o L2} 1 ¢ 12}
S 1 | S 1f -
= i i =
8 o8f % 8 o081 1
E 06 £ 06f 1
2 o0a4f — 2 04f .
i Exposed : Before exposure =+ Before exposure +—+—
021 i region i Connectors changed %= 0.2 Connectors changed = |
0 i i | After exposure H¥H 0 | | | | | After exposure =¥~
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Mask position Mask position

J. Galan, 2013 Vienna Chamber Conference, 12/02/2013



Resistive Micromegas: Neutron lrradiation

High intensity thermal neutron irradiation had place at C.E.A. Orphee reactor.

1000 [
2000
First neutron ; i
- 1600 — Drift voltage scanning
800 - y beam tests Z < from 550V to 1950V 1
—_ - 1200 £
Ea 800 %
£ 600 1 hour 2 hours = 400 5 hours 10 hours 22 hours |
[&]
£ 400 ""h |
[0}]
=
200T |
1

09/Nov 10/Nov 11/Nov 12/Nov 13/Nov 14/Nov 15/Nov 16/Nov 17/Nov 18/Nov

Neutron flux at the level of ATLAS Muon ~3.10* neutrons/cm2/s

T
14 F After neutron =S

Before neutron

SYRRMELE

10 years at HL-LHC (=> x10.107 sec) with a security
factor : x3

1.2

—

At the HL-LHC, we will accumulate 1,5.10!2 n/cm2

Normalized gain
=
[ =)
T

0.6 .
At Orphee we have ~8.1078 n/cm2/sec so in 1 hour 04 1
we have : 8.10% x 3600 ~ 3.10!?2 n/cm2/hour which 02F .
is about 2 HL-LHC years (200 days year). 0 . . . .

0 2 4 6 8

Hole
J. Galan, 2013 Vienna Chamber Conference, 12/02/2013
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Resistive Micromegas: Gamma lrradiation

Gamma exposure 1000 [T T T
and 11" of April (2012). 800 1
— 960 60
E 040 | Mes: cu%e;nt )
Total exposure time: = 60 020 iy 55 .
P 50 &
480 hours E 900 g
= 45 =
';:'.3 400 880 ; Z i
, : E
Total integrated charge = 860 -
840
. ‘ 200 | -
: 1484 mC 420 i
800 © 25
PO S S A S A S SO N YT S HN S SN SO NI S S SN SO SN NSNS SR S (Ut

Mean mesh current :
858.4 nA

D L 1 I
22IMar  24/Mar 26/Mar 28/Mar 30/Mar O01/Apr 03/Apr O5/Apr O07/Apr 09/Apr 11/Apr 13/Api

I
Hole 1 =1
Hole 4 /1

' 4Co

T
| O .
14 After gamma S TFT 03LMeV 5o
Before gamma HE- \
ot | LaeMey B\ [1amamev y

Hole 7 =1 7
g l ~ + % — 13325 MeV y i
[=1]
E 08T % % % . T f‘é 1
1
E 06 - S |
z
04T . |
021 7
0 | | | | i
0 2 4 6 8 10

350

J. Galan, 2013 Vienna Chamber Conference, 12/02/2013



Mesh current [nA]

R17b

Resistive Micromegas: Alpha lrradiation (241 Am Source)

About 30000 primaries are
produced by an alpha in 0.5cm

In standard conditions, gains
higher than 100 produce a spark
on every alpha (Raether’s)

R17a with
alpha source

220
200
180
160 ]
140
120
100
80
60 H
40
20

Time = 66 hours
G =7000

Characterization and simulation of |
resistive-MPGDs with resistive strip |
and layer topologies

0

09/Jun 09/Jun 10/Jun 10/Jun 11/Jun 11/Tun

Normalized gain

=
]
e
=3}
oo

- Source -
- production ]
rate = 3 kHz
Gain =100

800 1000 1200
ADC units

T
- After alpha O
Before alpha

10
Hole

J. Galan, 2013 Vienna Chamber Conference, 12/02/2013



Final Remarks: how to plan systemafic aging studies...
Since the present state of knowledge does not allow to formulate a complete set of
recomendations of how to prevent aging effects in wire chambers, it is important to
study the aging properties under conditions as close as possible to real ones.

The fundamental problem: you can not do a ‘real time test’
How is it possible to learn in a reasonable time about the long-term aging behaviour?

» Build a “full size prototype detector’ (the smallest full size independent
element of your detector)

<» Expose full area of detector to real radiation profile (particle types)
» Choose your gases and materials very carefully

» Vary all parameters systematically (gas gain, irradiation intensity, gas flow, ...)
and verify your assumptions...

“* Do not extrapolate your results for any given set of parameters by more than
1 order of magnitude

» If you observed unexpected result - understand the reason — and reproduce results



Radiation Damage and Long-Temn Aging can be minimized by:

1. Careful choice of construction materials: radiation hardness and outgassing
properties are of a primary importance
(There are clearly many ‘bad’ and a lot of ‘usable’ materials.
A material is adequate or not for a very particular detector type
and operating conditions — test to match your specific requirements)

2. Use of aging resistant gases: noble gases, CF,, CO,, O,, H,0, alcohols
are the most attractive candidates for the high-intensity environments;
(Hydrocarbons are not trustable for long-term high rate experiments;
operational problems could be aggravated by CO, as a quencher and by
the very high aggressiveness of dissociative products of CF,)

3. Adequate assembly procedures, maximal cleanliness for all processes and
quality checks for all system parts (personnel training, no greasy fingers, no
polluted tools, no spontaneously chosen materials installed in the detector

or gas system in the last moment, before the start of real operation)

4. Careful control for any anomalous activity in the detector: dark currents,
variation of anode current, remnant activity in the chamber when beam goes away.
(Use oxygen-based molecules to inhibit/relief/cure polymerization of hydrocarbons,

operation with CF, decreases a risk of Si polymerization)



Radiation Damage in Gas Detectors: Summary and Qutlook (1)

» Stable and reliable operation of fast gaseous detectors at large scale for high rate
tracking in hostile environments has been demonstrated by many experiments

» With the increasingly stringent requirements of modern experiments, geometry,
configuration of electric field, construction and electrode materials and operating
gases have been the subject of extensive studies and optimization efforts

< New micro-pattern detectors (MICROMEGAS, GEM) are rather insensitive
to aging compared to MSGC and MWPC (separation of multiplication
and readout stages, lacking fragile thin anodes, gain being obtained
by avalanche multiplication along an extended high field region)

It is widely believed that gas detectors are less radiation resistance than Si-detectors ®

THIS IS NOT ACTUALLY CORRECT, EVEN for LHC (SLHC)-like CONDITIONS ©



Radiation Damage in Gas Defectors: Summary and Outlook ((l)

Many problems in HIGH RATE GAS DETECTORS were due to casual selection
of chamber designs, gas mixtures, materials and gas system components,
which worked at “low rates”, but failed in harsh radiation environment

Benefit from > 20 vears of R&D Experience a’) §3>

If properly designed and constructed, gas detectors (especially Micro-Pattern
Gas Detectors) can be robust and reliable in the high-rate environment



