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ABSTRACT

The CMS experiment comprises MSGCs as onth@tkey detectioelements for
high luminosity tracking at LHC. In addition to the high dose rate of 10 mC/year per cm of
strip, these detectors have to survibe hostile presence of highly ionizing particles,
neutrons low energgammasand hadrons. In this report we preséhné results of
systematic tests on maximum safe operational gain limit$3&6Cs before the discharge.
Long termageing testperformed on prototype open ‘banamabdulesenvisaged to be
arranged arounthe interaction region in thisrward part of theCMS tracker show no
evidence of gairop up to equivalent ~ 10 years of LHperation. Acomparison is
made between argon and neogas mixtures withDME in equal proportions by
investigating longerm irradiation effects orthamber operation by introducimgntrolled
and reproducible pollution in the gas lines.

Invited Paper presented by A. Sharma at the


https://core.ac.uk/display/25209181?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

5th International Conference on Advanced Technology and Particle Physics,Villa Olmo,
Como, Italy Oct.7-11, 1996






Study of ageing and gain limits of Microstrip Gas Chambers at high rates

B. Boimskd, R. Bouclier, M. Capeans, S. Clae#/. Dominik, M. Hoch,
G. Million, L. Ropelewski, F. Sauli, A. Sharfd.. Shekhtmah

W. Van Doninck and Luk Van Lanckér

CERN, Geneva Switzerland

1 On leave of absence from Institute of Experimental Physics, University of Warsaw, Poland
2Inter-University Institute for High Energies (ULB-VUB), Brussels, Belgium
® GRPHE, Université de Haute Alsace, Mulhouse, France

4 Budker Institute of Nuclear Physics, Russia

Abstract

The CMS experiment comprises MSGCs as one of the key detection elefoertiggh
luminosity tracking at LHC. In addition to the high daste of 10 mCl/year per cm of strighese
detectors have to survive the hostile presence of highly ionizing particles, neldronsnergy
gammas anchadrons. In this report we present the results of systematic tests on maxafem

operational gain limits in MSGCs before the discharge. Long term ageing tests performed on prototype

open ‘banana’ modules envisaged to be arranged around the interaction regiorfoirwérd part of
the CMS tracker show no evidence of gain drop ugduivalent ~ 10 years of LHC operation. A
comparison is made between argon and neon gas mixturesDMth in equal proportions by

investigating long term irradiation effects on chamber operation by introducing controlled and

reproducible pollution in the gas lines.
1.INTRODUCTION

Microstrip Gas ChambergMSGCs)
[1,2] have been planned to be one rodjor
tracking devices in the CMS experiment for
high luminosity environment of the LHC
collider at CERN. With the implementation of
a diamond-likecoating , either under or over
the metal strips, these devices habeen
shown to have a high rate capability and long
term stability of operatior{3]. These features
are however, very sensitive to the various
parameters involved, therefore demands on
quality of artwork, cleanliness conditions in
the mechanical assembly as well as {jass
among others are ratheigorous. Moreover,
the technology and metal wused for
manufacturing such a device is alsaalicate
issue considering the copious rate thérmal
neutrons, low energy hadrons arghmmas.
Simulating these highly ionizing tracks
particles, discharge limits have been
investigated on diamond coated chambers.

Further, in theforward andbackward
part of the tracker, MSGCs which will be
arranged around the interaction region in
modular ‘bananas’ containing many substrates
in the gas volume along with readout and
service electronics. The expectedteigrated
dose rate of 10 mC/year per cm of strip may
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be foreseen to modify their operation [4].
Given these conditions, we havenade
systematic tests of long term operation of a
prototype ‘banana’ and the ageing results are
reported here.

Another ageing test hasbeen
performed to compare the effects of lolggm
irradiation on the operation of an MSGC with
different gas mixtures with the introduction of
controlled pollution in each case.

2. EXPERIMENTAL PROCEDURES

2.1 Discharge limit tests

The discharge limits  were
investigated for three chambers onever-
coated (DOC) andwo under-coated (DUC1
and DUC?2) with the usual geometry of ifm
anodes, 10Qum cathodes and 20Qm pitch.
The stripsfor all chambers were made of
chromium, and a gold plated 1@®n glass was
used as drift electrode. It may beentioned
that the three plates were of excellent quality
and could withstand very high voltages in the
absence of radiation. A schematic description
of the experimental set up used is shown in fig.
1. Alpha particles depositing typically few 100
keV in the active gas volume were introduced
by means of a special @m Hostaphan film
glued on a 1 mm thin slit in thevindow.
Maximum gain limits were determined with an
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Fe* source and then repeated with alphas. Due
to the larger amount of ionization the trip
voltage was lower in the lattecase; thus
simulating the presence of highly ionizing
particles. Gain calibrations were performed
and the same electronics chain was
maintainedfor the tests. Theseneasurements
suffer from two limitations: first, the alphas are
introduced in a very local position of the
active area, and second they were performedin
the absence of angther source of radiation.
To overcome this, another set up was prepared
for DUC2, in which it was possible to
illuminate the whole active surface (10 x10
cm2) of the chamber, and in additiom-
active gas R#° could be introduced ashown

in fig. 2. This set up was used to determine the
maximal safe voltage, thus limiting gain for
chamber operation with the whobetive area

of the chamber connected.
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2.2 Prototype ‘banana’ ageing tests

For the ageing studies of the prototype
‘banana’ module of thdorward tracking, the
set up used is the RD-10 lab at CERN [4]. Two
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Fig. 3

MSGC plates were mounted inside the
banana, onewith gold and the other with
chromium strips on diamond coat&263. The
banana contained powered readetlgctronics
[5] to simulate the 2 mW/channelheat
dissipation expected out of the PreMémont
end chips envisaged to be mounted inside the
gas volume. A piece of cooling pipe watkso
included. The gold chamber was irradiated in
both the tests, along with a single wire
proportional counter for monitoring gapiality

as well as variations of the gain witlespect

to temperature and pressure, which also
recorded separately. Both the testgere
performed with an exposure spot size of 2 mm
diameter, gain ~900 in the chamber, and a
drift field of 3.3 kV/cm, which wasincreased
subsequently in the low gas flow test to 6.7
kV/cm the anode voltage wasonsequently
adjusted to have the same gainkeore. The
current density was ~ 9 nA/nfniThe twotests
lasted for 64 and 40 days, over which the
charge accumulated per cm of strip of 85 and
73 mC respectively.

2.3 Controlled Pollution ageing tests

The third investigation reportetiere
was performed in th&DD lab at CERN. The
MSGC was assembled by mounting in a
regular ‘wire chamber style’ (see fig. 4) a C85-
1 glass plate
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with gold electrodes: 2um anodes, 10Qum
cathodes and 200m pitch with a resistivity of
10 Q.cm. Two kinds of reproducible
controlled pollution conditions were
introduced. First a fresh 4 rmstainless steel
line cleaned with alcohol and heated in the
oven at 80 degreefor 24 hourswas placed at
the gas inlet of the MSGCSecondly, a Si-oil
bubbler was connectedmmediately at the
exhaust to allowfor some controlledback
diffusion. Tests with argon and neamixed
with DME in equal proportions were performed
to have a comparative evaluation of the long
term chamber operation with theabove
mentioned polluted conditions.

3. RESULTS AND DISCUSSION

3.1 Discharge Limit Tests

The first tests was performed on the
DUC1 and DOC which had anaverage
resistivity of 2.1¢* and 2.1& Q/sq. using the
set up offig. 1. Pulse height spectra were
made with F& and the Gaussian fitsvere
made to obtain the peak position ahdnce
the gain. For the alpha spectra however, an
exponential fit at the tail of the spectrum was
taken to represent the maximal eneripgs.
Precursors or large signals are observed when
the chamber’s were exposed dc¢s [6]. Figs. 5
and 6 show the gains as a functionvoftage
for the different gas mixtures studiddr the
under- and over- coated chambers respectively.
A drop of maximum safe voltage and thus the
limiting operational gain in the presence of
alphas is shown by theaespective arrows
marked on the plot.

From these results it is cleathat
there is only a smalbdvantage using neon,
ineffective because of the reduced ionization.
The margins of voltagdor safe operation are
similar. Gains in excess of 40could be
achieved in pure DME both with Peand a’s.
The gains were highefor the undercoated
chamber; the required highervoltage,
however, can have adverse consequences in
case of a discharge since the energyb®ut
twice than the corresponding enerdgr the
overcoated chambers.
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These measurements howevsuffer
from the following limiation: they are
obtained by irradiating a small part of the
active surface of the chamber to radiation, and
are performed without a high rate of ionizing
particles. With the improved set up shown in
the previous section (fig. 2)measurements
with a high X-ray flux exposure in the
presence of heavily ionizing particledbtained
from Radon were realized.
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Radon (RA*%) emits a’s of 6.4 MeV
and we have measured in the thin chambers (3
mm gap) an energy loss spectrum witlpeak
at a few 100 keV and a maximum ~1.2 MeV
as shown in fig. 7. The solidistogram is the
measured spectrum, while the baepresent
results of simulations performed with an
estimated range of 28 mm for the 6.4 MeNs
in the gas. The peak occurs at a few 100 keV
since the most probable energy loss is the one
arising from perpendicular tracks. Fig. 8
summarizes the results of measurements of
discharge limits ofDUC2. In this chamber,

which had an average resistivity af2 10*
Q/sq., anodes were connected groups of 16

( 32 groups intotal) and eackgroup could be
accessed individually. When there is no source
of radiation, one can reach voltages as high as
685 V on thecathodes connecting eagtoup

of the anodes one by one to groufsdopping

for safety reasons). This corresponds to the top
dashed line in the figure equivalent to ~ few
10% in gain. With an X-ray flux of ~1®mmés?

this limit is reduced to values ranging 620-660
V over the groups thus lowering thgain
achievable as is shown by the curve marked A.
A single anode group will be responsible for
lowering of the operational voltage of the
whole chamber. The discharge limiting current
in each case was set ~ 10 % above tibial
(leakage + radiation) current. When the radon
generator is switched on, this safe voltage is
further reduced to 605-635 V ovall the
groups (curve B) reducing thamaximum
attainable gain limit in the presence of highly
ionizing particles to be ~ 3500 which dgiite
marginal for operating in a high flux of MIPs
with  full efficiency governed by the
signal/noise of the readout electronics.
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3.2 Prototype ‘banana’ ageing tests

These tests were performed with the
prototype CMS forward ‘banana’ chamber
shown in fig. 3 of section 2.2. For the fitststs
performed with a gas volume exchange five
times per hour, the chamber hadcumulated
an integrated charge of 85 mC/cm. Fig. 9
shows the relative current as the run
progressed. Gain fluctuations due thaily
variations in pressure and temperatuere
correctedfor. An initial drop of ~ 5% was
observed and a gas analysis performed at the
same time showed some outgassing
presumably from theelectronics which was



sitting powered inside the banana. v&rtical
scan at low rate after completion of thest,
along the anode strips showed no drop of
relative gain in the irradiated positioRor the
second test with a volume exchange each two
hours, the relative current as a function of
accumulated charge shown in fig. 10.Note
that the drift field was increased afteraching

~ 9mC/cm keeping all other conditions the
same. No gain drop iseen throughout the run
accumulating 73 mC/cm; this is corroborated
by a low rate pulse height scan along the
anodes.
3.3 Long tests with controlled
pollution

term

For these tests the chamber shown in
fig. 4 was used. The semiconducting plate had
a measured resistivity of ¥0Q.cm. Table 1
summarizes the chronologiorder and the
results of the tests. The first tests thaere
performed withAr-DME (50-50) andNe-DME
(50-50) accumulated more than 10 mC/cm per
strip with no degradation of gain. Fig. 11 shows
the results obtained with the firsttempts of
polluting the gas system with a stainlessel
line. The gas
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rack seems to have been obviously cleaned by
the action o©DME in a few weeks. A 10 %
drop of gain with theinitial Ar-DME (50-50)

run was not reproduced when the test was
repeated after thdle-DME (50-50) runwhich
also showed no signs of deterioration. With the
introduction of a new stainless steel line this
drop was not observed eithgrroving that the
pollution was irreproducible.
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The second attempt to pollute the
system with the Si-oil bubbler was more
dramatic. Fig. 12 shows the results thiree
successive ageing tests performed in different
regions of the plate respectively neon, argon
and again neon with DME (50-50) as
operational gas mixture. Gain dropwere
observed in each of these tests albeit faster in
neon mixtures. An optical investigation of the
plate revealed the three irradiated spots
distinctly, wider than the (2 mm) diameter of
the collimator of the X-rays. This increment of
spot size was distinctly correlated with the
accumulated chargeer irradiated spot. The
sort of degradation in the Si-Oil bubbler runs is
different from that observed in thdormer
stainless steel gas line casehere a fluid
covers the anodes and cathodes in the
degraded areas.

4. Conclusions

We have shown that operation of
MSGCs in a high flux of radiation isnore
delicate in the presence dfighly ionizing
radiation, limiting the operational gains of
these devices. The reduction factor is
correlated to many parameters of the MSGCs
namely artwork,metalization, gas purityetc.
The apparent advantage of a ~10i86reased
gain in neon mixtures at discharge limit is
compensated by larg@rimary ionization in
argon mixtures. More



Run Gas Attempted Pollution Result
No. mixture
(50-50)
1 Ne-DME None OK
2 Ar-DME None OK
3 Ar-DME SSlLine 1 10% Gain drop
@14 mC/cm
4 Ne-DME SSLine | OK
5 Ar-DME SSlLine | OK
6 Ne-DME SSLine Il OK
7 Ne-DME SS Line lll OK
8 Ne-DME Si-Qil bubbler 10% Gain drop
@12 mC/cm
9 Ar-DME Si-Oil bubbler OK
10 Ne-DME Si-Oil bubbler 20 % Gain drop
@ 22 mC/cm
11 Ar-DME Si-Oil bubbler 20 % Gain drop
@ 25 mC/cm
Table 1
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work is needed to clearly disentanglinese
effects. Ageing tests of théorward ‘banana’
prototype have shown no gabtrop till ~ 7-8
years of equivalent LHC operation. No clear

cut effects to differentiate argon angeon
mixtures affecting the long term behavior of an
MSGC made on semiconducting glassuld
be established due to irreproducibility of the
pollution conditions.
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