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Abstract

Aging of CMS muon cathode strip chamber prototypes under sustained irradiation was studied. The tests were

performed with three prototypes of different gas seal designs and with three gas mixtures Arð30%Þ þ CO2ð50%Þ þ
CF4ð20%Þ; Arð30%Þ þ CO2ð70%Þ and Arð40%Þ þ CO2ð50%Þ þ CF4ð10%Þ: The CF4-containing mixtures showed no or

little aging for an overall accumulated charge per unit of wire length in excess of 13 C=cm: In comparison, the

performance deterioration in the Ar–CO2 mixture proved to be very dramatic: the gas gain falls by a factor of 2 for each

0:25 C=cm of accumulated charge. r 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

1.1. CMS endcap muon system and LHC

conditions

The CMS Endcap Muon System [1] consists of
540 cathode strip chambers (CSCs) of 6 different
kinds, the largest ones being 3:4� 1:5 m2 in size.
All chambers are made of seven trapezoidal
cathode panels separated by six 1 cm gaps, with
anode wire planes being placed in the center of
these gaps. The separation between nearby planes
is formed by rectangular FR4 gap bars running
along the panel perimeter. The panels are made of
copper-clad FR4 skins interleaved with a 16 mm

thick polycarbonate honeycomb structure. The
wire planes consist of 50 mm gold-plated tungsten
wires spaced 3:2 mm apart and placed in the
middle of the 9:5 mm gas gap. The overall area
covered by the chambers is more than 1000 m2 (or
6000 m2; if all planes are counted separately), and
the total number of wires exceeds 2 million.

At the LHC peak luminosity, the counting rate
at the worst CSC spots is evaluated to be around
130 Hz=cm for the wires and about 2 MHz per
chamber plane (with a typical area of S ¼ 3�
1 mÞ: The rate is mostly due to 0.1–1 MeV
gammas that give rise to signals on average about
3–4 times larger than from minimum ionizing
particle (m.i.p.). The nominal high voltage (HV) in
the CSCs is such that the total m.i.p. avalanche
charge is about 1 pC; which corresponds to a gas
gain of about 6� 104: Assuming that the average
luminosity per year is only one half of the peak
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luminosity, one easily arrives at the following
numbers:

The maximal charge per unit wire length in 10
LHC years is expected to be

Qwire ¼ 1=2� 1 ½pC� � 4� 130 ½Hz=cm� � 10 ½yr�

¼ 0:08 ½C=cm�: ð1Þ

The total charge per unit area of cathode plane in
10 LHC years will be

Qcathode ¼ 1=2� 1 ½pC� � 4� 2 ½MHz=plane�

� 10 yr=ð3 m2Þ ¼ 0:04 ½C=cm2�: ð2Þ

1.2. Chamber prototypes and aging settings

The irradiation tests were conducted with
three prototypes that were fabricated using
materials intended for chamber production. The
active area of each of the prototypes was 175�
240 mm2 and reproduced the major local details
of the final chamber design, see Fig. 1. Three
different gas mixtures Arð30%Þ þ CO2ð50%Þ þ
CF4ð20%Þ; Arð30%Þ þ CO2ð70%Þ and Arð40%Þ þ
CO2ð50%Þ þ CF4ð10%Þ were used during the
investigations.

It should be pointed out that both the prototype
gas sealing design and the choice of aging settings
reflected the evolution of the CSC chamber design
over a 1 yr period of tests. In the first two
chambers, the gap bars were epoxy-glued to one
cathode panel and the gas seal was achieved by
placing a continuous bead of Si-based sealant
Room Temperature Vulcanizing rubber (or RTV)
along the panel perimeter before the chamber was
closed. That was the simplest mechanical design of
the detector, which minimized its cost, that is
important for so large endcap muon system. The
obvious drawback was that RTV could (and did)
leak into the inner chamber volume. RTV is well
known to be adversely affecting the chamber
radiation hardness [2,3]. However, it is also known
that the presence of CF4 in a working gas mixture
may partly compensate the negative influence of
silicon from RTV, preventing the anode aging. On
the other hand, in this case the cathode type of
aging takes place [4,5]. Our goal was to study the
real scale of possible degradation for the definite

design of chamber sealing and using an Arð30%Þ þ
CO2ð50%Þ þ CF4ð20%Þ gas mixture which was the
baseline of the chamer design at that time.

After an accumulation of a few coulombs per
cm of anode wire, two points became clear. First,
the chamber had no change in a gas gain, i.e., wires
remained intact. Second, increased dark current
indicated that a cathode aging took place. This
means that deposits were spread along the cathode
surface. More detailed discussion is presented in
Section 3.2.

Supposedly, one could obtain the same aging
effect by distributing the dose, collected in the
irradiation zone over the entire area of the cathode
surface of the detector. To be comparable with
LHC conditions, the charge accumulated during
the aging test can be evaluated as

Q
prototype
wire ¼ k �QLHC

wire �
Stotal

Sirrad
E12 C=cm ð3Þ

where QLHC
wire E0:08 C=cm is the expected charge

per unit of wire length in 10 LHC years (see (1));

Fig. 1. (a) First version of the gas sealing design. The gas seal

was achieved by placing a continuous bead of RTV along the

panel perimeter before the chamber was closed. (b) Final gas

sealing design. The chamber was first closed and tightened and

only then was a bead of RTV applied along an outer seam

between the gap bar and the panel.
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SirradE3:2 cm2 is the area of the irradiated zone in
the CSC prototype; StotalE420 cm2 is the total
area of the cathode plane in the CSC prototype;
k ¼ 1:3 is a redundancy coefficient. This scaling
assumes the most pessimistic case when the
radiation damage is determined by the integrated
dose over the entire surface and not by the local
dose of the irradiated spot. The result of evaluat-
ing (3) forced us to perform a quick aging test to
obtain an experimental results in a reasonable
time—at most 4–5 months.

After reaching 13:6 C=cm; it became clear that
the chosen gas mixture with 20% CF4 is very
effective in blocking the extremely negative influ-
ence of RTV on the chamber and in guaranteeing
its proper operation (see Section 3.2).

Nevertheless, to measure the aging character
with and without CF4 and to confirm the crucial
role of CF4 for the existing CSC design, we tested
second prototype with an Arð30%Þ þ CO2ð70%Þ
gas mixture and observed a dramatic aging of the
anode wires (see Section 3.3).

The results obtained led us to estimate a very
high radiation hardness for the Arð30%Þ þ
CO2ð50%Þ þ CF4ð20%Þ gas mixture. This allowed
us to take the next step in the design optimization.
The content of CF4; which is a very expensive gas,
was reduced by half. At the same time the
prototype sealing was changed so that the amount
of RTV, which can leak into the chamber gas
volume, was also reduced as much as possible. The
chamber was first closed and tightened and only
than was a continuous bead of RTV applied along

the outer seam between the gap bar and the panel.
For this scheme of the chamber assembling we had
to introduce O-rings around bolts tightening the
panels together to prevent gas leak through bolt
holes. This solution gave at least the same (or even
better) radiation hardness (see Section 3.4) as was
obtained in the first test.

Table 1 compares the conditions of charge
accumulation in all three aging tests with those
expected at the LHC.

2. Test setup and data analysis

Fig. 2 shows the top view of the prototypes and
indicates the area of irradiation as well as the
monitoring points where the measurements of gas
gain and singles rate were taken. An intense 90Sr
source (2 Ci) was used to irradiate the test
chamber. The irradiation zone of 1:8 cm in
diameter was defined by a 1 cm diameter collima-
tor of height H ¼ 10 cm placed over the central
region of the chambers. The size of the irradiation
zone was also confirmed by exposing a photo-
graphic film positioned in the place of the wires.
To make the irradiation intensity high and allow
for simple monitoring of aging, we cut five 15 mm
wide slots in the outer part of the panels at the test
points. That provided a rate of charge accumula-
tion of 0:3 C=cm per day, which corresponds to a
total counting rate of about 13 MHz=cm:

The direct measurement of the current per wire
for the gas mixture Arð40%Þ þ CO2ð50%Þ þ

Table 1

The conditions and accumulated charges in the ATS tests and expected at the LHC

LHC CSC 1 CSC 2 CSC 3

20% CF4 0% CF4 10% CF4

Gas flow (volume/day): 1 75 75 75 p1

Rates at the ATS and LHC

Rate per wire (kHz/cm) 0.13 2150 2107 1700

Rate per plane (MHz/plane) 2 13.9 13.6 11

Accumulated charges at the ATS and in 10 LHC years

Charge per wire (C/cm) 0.08 13.6 0.76 13.4 2.2

Charge per plane (C/cm2Þ 0.04 0.21 0.012 0.21 0.03
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CF4ð10%Þ is shown in Fig. 3. The flat section at
lower voltage ðI0Þ corresponds to the normal
ionization current and allows a direct evaluation
of the gas gain at higher voltages: G ¼ I=I0 (also

shown in Fig. 3). One can see the effect of space
charge that manifests itself as a deviation from the
expected exponential law, indicated by the dashed
line. This is due to the extremely high radiation

Fig. 2. Top view (top) and cross-sectional (bottom) view of the prototype test chamber. Wires marked as A and B were irradiated and

monitored at points 1, 2 (irradiation zone); 5, 6, 7, 8 (out of irradiation zone). Non-irradiated wires C, D were monitored at the central

points 3, 4. The irradiated zone of 1:8 cm in diameter was defined by a collimator of height H ¼ 10 cm with a 1 cm diameter hole.

Fig. 3. Current and gas gain versus high voltage for an Arð40%Þ þ CO2ð50%Þ þ CF4ð10%Þ gas mixture. The chamber was irradiated

with a 2 Ci 90Sr source.
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intensity that is needed to accumulate 13 C=cm in
a reasonable time. At lower irradiation rates, the
nominal gas gain of 6� 104 would be achieved at
3:8 kV; which was taken as the working high
voltage for this gas mixture. A similar dependence
was obtained for the Arð30%Þ þ CO2ð50%Þ þ
CF4ð20%Þ gas mixture. The corresponding high
voltage working point was at 4:2 kV: During
irradiation we did not increase the high voltage
to compensate for the space charge. That is why

the gas gain was lower by a factor of B1:5:
Otherwise the non-irradiated wires or wire sections
(including the regions right next to the irradiated
area) would be at too large gas gain. As a result, in
the case of breakdowns one would not be able to
disentangle whether they occurred due to aging,
due to operation at the extreme conditions, or due
to a combination of both.

Wires denoted in Fig. 2 as A and B were
irradiated and monitored at points 1 and 2

Fig. 4. SEM micrograph of the reference chamber wire surface, and corresponding XEM spectra. The scale ð20 mmÞ is indicated as a

white line on the top of the figure.
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(irradiation zone) and at 5–8 (out of irradiation
zone). Also, the non-irradiated wires C and D were
monitored at the central points 3 and 4.

Any aging damage in these non-irradiated
points would depend on deposit generation rates
and the gas flow distribution inside of the
chamber. A primary gas flow rate of 75 volumes
per day corresponded to a rate of 15 cm3=min:
This gas flow rate qtest was chosen to be the same
as for the real size CMS chambers at the LHC:
qtestBqLHC: So, the chamber volume refreshing
time could be calculated as

Ttest ¼ TLHC �
Vtest

VLHC
; ð4Þ

where Ttest—the test chamber volume refreshing
time, TLHC—the refreshing time of a real chamber
volume at LHC, Vtest—the gas volume of the test
chamber, VLHC—the gas volume of one block of
CMS chambers at the LHC. If Vtest ¼ 280 cm3;
VLHC ¼ 6� 3500 cm3 and TLHC ¼ 1 day, then
Ttest ¼ 20 min or 75 volumes per day.

At the end of the aging test with the Arð40%Þ þ
CO2ð50%Þ þ CF4ð10%Þ gas mixture, we accumu-
lated a noticeable part of the total charge at the
gas flow rate drastically reduced to 1 volume per
day and even 0.1 volume per day.

During the tests, the premixed gas was trans-
ported via a 6 m long stainless-steel line, connected
to the chamber via a 50 cm long plastic tube. An

Fig. 5. Gas gain ratio for the test and reference chambers versus accumulated charge at points 1, 2 (top) and 3, 4 (bottom).
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alcohol bubbler was installed at the end of a 10 m
long plastic exhaust line to monitor the common
flow.

In addition, an extra reference chamber of
the same design with a gas flow in parallel with
the test chamber being irradiated was used in all
the tests.

The measurements of the chamber properties
were carried on regularly after one or two days of
exposure for both the test (irradiated) and
reference (not irradiated) chambers. When the
source was removed, the current and singles count
rates from wires A and B, C and D, as well as from

the whole plane, were recorded with and without
the 55Fe source placed above the selected points, as
shown in Fig. 2. The gas gain at these points was
monitored by measuring the peak position of the
55Fe signal charge spectrum. The same electronics
were used for all measurements to avoid calibra-
tion errors.

Analysis of the anode and cathode surfaces
after aging was performed on the four prototypes
CMS chambers (one reference and three test
chambers) using a scanning electron microscope
with an X-ray emission (0–10 keVÞ spectroscopy
(SEM/XEM). The SEM/XEM analysis yielded

   
          

Fig. 6. Gas gain ratio for the test and reference chambers versus accumulated charge at points 5, 6, 7 and 8.

     
                   

Fig. 7. Dark current in the test and reference chambers versus accumulated charge.
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information on the morphology of the wire and
the cathode surfaces and on the atomic composi-
tion of the surface material.

3. Aging test results

3.1. Reference chamber

After carrying out three aging runs with
different gas mixtures, the only chamber which
did not change its characteristics was the reference

chamber. The SEM/XEM examination of this
chamber’s cathode copper foil surface did not
show any materials besides copper and oxygen
(from Cu oxide). The surface of the anode
wires was clean and smooth, which was confirmed
by the SEM/XEM examinations, as well, see
Fig. 4. The peak of the gold was observed together
with weak peaks of oxygen, tungsten and nickel.
The nickel peak is due to Ni which is used to
precoat the tungsten wire before it is gold plated.
The oxygen is the usual trace found on the wire
surface.

(a)

(b)

Fig. 8. (a) Dark current of individual wires in the test chamber after irradiation; (b) Noise count rate for the same wires. The total

accumulated charge is 13:56 C=cm: For cross-reference, similar measurements for the non-irradiated reference chamber are shown with

open squares.
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3.2. Aging test with Arð30%Þ þ CO2ð50%Þ þ
CF4ð20%Þ gas mixture

3.2.1. Gas gain and dark current

Fig. 5 shows the gas gain ratio for the test and
reference chambers versus accumulated charge at
points 1–4. The gas gain ratio was estimated as the
ratio of the 55Fe source pulse height spectrum

peaks ðQtest and Qrefer; for the two chambers). No
strong evidence for a decrease in gas gain at these
points was seen. Although points 1, 2 were right in
the irradiation zone and points 3, 4 were out of it,
all of them behaved very similarly and did not
show any signs of aging. Fig. 6 presents the same
measurements for points 5–8. Note the E20% gas
gain decrease at points 5 and 6 (these points were

Fig. 9. SEM micrograph of the clean cathode surface (top) and the cathode covered with silicon deposits (bottom). The scale ð20 mmÞ
is indicated as a white line on the top of each picture.
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not irradiated). These points were located close to
both the gas outlet of the chamber and the wire
soldering points (see Fig. 2). One may suspect that
the volatile deposits and macroscopic debris
produced in the irradiated zone might have
collected on the anode wires in this area and
caused the gain to drop. We will come back to
these points in Section 3.2.2, where we describe the
SEM/XEM analysis of irradiated wires.

It was found that all prototypes at correspond-
ing points had practically the same gas gain and

also had a good uniformity of gas gain over
the active area, with a maximum variation not
exceeding 15%. The difference between the
amplitudes at points 3 and 4 (see Fig. 5) demon-
strates the accuracy of the prototype mechanical
assembly corresponding to a 50 mm variation in
the anode–cathode gap. However, this does not
affect the aging results because we monitored the
relative changes in amplitude at each point
independently.

Fig. 7 shows the dark current for the test and
reference chambers versus the accumulated charge
during the aging test run. The dark current is
clearly sensitive to the irradiation. The combina-
tion of the high and variable dark current with the
stable gas gain led us to conclude that the aging
might have resulted in the formation of deposits
on the cathode planes. Fig. 8a shows the dark
current for the single wires in the test chamber.
The noise count rates for the same wires are
presented in Fig. 8b. One can see that there is no
difference between the irradiated and non-irra-
diated wires in the test chamber. This again
implied our expectation about the cathode aging
of the prototype chamber. In fact, during the test
we surmised this phenomenon. Later, when we
opened the chamber, we saw deposits spread over

Fig. 10. XEM spectra of the deposits covering the cathode

surface.

Fig. 11. Cathode surface in the corners of the aged chamber. The scale ð200 mmÞ is indicated as a white line on the top of the figure.
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the cathode planes, while the anode wires re-
mained fairly clean. The effect of self-sustained
current was likely due to a thin insulating coating
forming on the cathode surface, that could cause
electron emission from the cathode surface, as
originally described by Malter, see Ref. [6].

The total charge accumulated during the test
was equal to 13:9 C=cm of the irradiated wire
length, or 0:21 C=cm2 averaged over the total
cathode area, see Table 1.

3.2.2. SEM/XEM analysis results

Observation of the disassembled test chamber
showed the clear presence of deposits on both
cathodes. Almost the entire cathode surface was
covered by a smooth white film. Fig. 9 shows the
view of the cathode (copper) plane surface before
and after irradiation. The XEM analysis spectra of
the cathode coating at the different points
indicated the presence of silicon deposits, but no
traces of carbon, see Fig. 10. In the corners of the

Fig. 12. SEM micrograph of an anode wire from the irradiated zone and the corresponding XEM spectra.
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sensitive volume there were many ‘‘crater-like’’
spots ðE0:2–0:5 mm diameter) of brown and white
colors, see Fig. 11. Moreover, it should be noted
that the RTV sealing which had entered the
sensitive volume, had become powdery. The anode
wire surface examination was done at a few points
in the irradiated zone. At the center of the
irradiated zone, the gold covering looked etched
and the wire surface had become dark. However,
we found neither silicon nor carbon based deposits
on the surface, see Fig. 12. At the very beginning
of the irradiated zone we found some protrusions
on the wire. The XEM spectra of these protrusions

Ar+70%CO2

Fig. 13. Gas gain ratio of the test and reference chambers

versus accumulated charge at points 1, 2.

       
Ar+70%CO2

(a)

(b)

Fig. 14. (a) Single wire B (point 1) count rate obtained with the
55Fe source versus applied high voltage for different values of

accumulated charge Q. (b) Single noise count rate for wire B.

Fig. 15. General view of the silicon ‘‘nodules’’ covering the

irradiated zone of the anode wire aged in the Arð30%Þ þ
CO2ð70%Þ gas mixture (top), and the XEM spectra at the head

of the nodule (bottom). The scale ð20 mmÞ is indicated as a white

line on the top of the figure.
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revealed the presence of some carbon. Out of the
irradiation zone, the wire surface was unchanged
and the hints of carbon deposits had disappeared
as well. The wire surface at points 5 and 6 had
signs of tin deposits. These points are close to both
the gas outlet and the wire soldering points. The
surface of the rest of the anode wires was clean.

3.3. Aging test with Arð30%Þ þ CO2ð70%Þ gas
mixture

3.3.1. Gas gain and count rate

The second aging test was done with an
Arð30%Þ þ CO2ð70%Þ gas mixture. Our goal was
to confirm the role of CF4 in preventing wire
aging, as observed in the first test. Fig. 13 shows
that the absence of CF4 considerably changed the
picture. The classic symptom of polymerization on
anode wires is seen for the irradiated wires A and

B [2,3]. The gas gain dropped by 50% when the
accumulated charge had reached only about
0:25 C=cm: At the same time, the non-irradiated
wires had no noticeable gas gain decrease. The
changes in singles count rate with and without the
55Fe source are presented in Fig. 14a and b,
respectively. As one can see, with the increase of
accumulated charge the beginning of the plateau
has shifted towards higher voltages. There was
also a noticeable increase in the noise count rate.

3.3.2. SEM/XEM analysis results

After disassembling the aged chamber, we found
a clearly visible coating on the anode wires in the
irradiation zone. The cathode surface was clean
and not distinctively different from that of the
reference chamber. Fig. 15(top) shows SEM
photographs of an irradiated wire. One can see
that the whole wire surface was coated by

Ar+50%CO2+10%CF4

75 vol/day

0.1  vol/day

1 vol/day

Fig. 16. Relative gas gain versus accumulated charge at points 1, 2 (top) and 3, 4 (bottom).
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‘‘nodules’’ of deposits. The thickness of the surface
coating (B10 mmÞ was large enough to cause a
reduction in the surface electric field intensity and,
thus, the gas gain. The XEM examination of the
‘‘nodules’’, Fig. 15(bottom), showed prominent
peaks of silicon, carbon, and oxygen. The process
of polymerization did not spread out of the
irradiation zone. Clearly, the absence of CF4

drastically changed the chemistry of polymeriza-
tion.

3.4. Aging test with Arð40%Þ þ CO2ð50%Þ þ
CF4ð10%Þ gas mixture

3.4.1. Gas gain and dark current

In this round of tests, we used a gas mixture
with 10% of CF4 to see whether this gas is still
capable of preventing wire aging. Also, the

chamber design was changed so that no RTV
was in direct contact with the chamber gas volume.

Figs. 16 and 17 show the dependence of the
relative gas gain versus accumulated charge at the
different test points. The corresponding total dark
current of the test and reference chambers is
presented in Fig. 18. Globally, no essential aging
effects were observed up to an accumulated charge
of 13 C=cm: A jump of current after an accumula-
tion of 6–8 C=cm was small (cf. Fig. 7) and went
away.

To estimate the influence of the gas flow rate on
aging, the flow rate was decreased to 0.1 volume
per day after accumulating a total charge per unit
length of wire of 13:35 C=cm: This caused an
immediate 50% gain drop. However, no drastic
dark current increase was noticed. It is most likely
that the observed gas gain drop resulted from

0.1 vol/day

75 vol/day
1 vol/day

Ar+50%CO2+10%CF4

Fig. 17. Relative gas gain versus accumulated charge at points 5, 6 (top) and 7, 8 (bottom).
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production of electronegative species in the ava-
lanche. These cause electron attachment and
therefore reduce the electron component of the
negative charge flow to the anode. Starting from
13:93 C=cm; we increased the gas flow up to the
rate of 1 volume per day. As a result, the gas gain
was restored at all the test points except for points
5 and 6. The gas gain loss at these points was very
similar to what we observed in the first test run
with the Arð30%Þ þ CO2ð50%Þ þ CF4ð20%Þ gas
mixture.

3.4.2. SEM/XEM analysis results

Fig. 19 shows a SEM micrograph of the
irradiated anode wire surface. No traces of
deposited materials were found in this zone.
However, comparing the SEM micrograph of the
irradiated zone (see Fig. 19) with the similar
micrograph for the 20% CF4 gas mixture (see
Fig. 12) demonstrates another kind of aging
damage. The surface of the gold is cracked. The
XEM examination showed tungsten and a large
amount of oxygen inside the cracks. The SEM/
XEM study of the non-irradiated anode wire
surface in the gas inlet area showed no changes.
On the other end of the wires, at points 5 and 6
(close to the gas outlet), we did find some tin flakes
on the wire surface, very much similar to those
formed in the test with the 20% CF4 gas mixture.
Fig. 20 shows these flakes and the corresponding
XEM spectra. The presence of tin and fluorine in
the spectra suggests some chemistry between the
CF4 and the solder. The wires in the rest of the
chamber were free of deposits. The XEM exam-
ination of the cathode surface showed the presence
of oxygen, fluorine and silicon, see Fig. 21. It
should be noted that in the gas outlet area the
XEM spectrum had more intensive peaks of these
elements than in the irradiated area.

   
          
Ar+50%CO2+10%CF4

Fig. 18. Dark current of the test and reference chambers versus

accumulated charge.

Fig. 19. SEM micrograph of the central anode wire from the irradiated zone. One can see the cracks in the gold coating. The scale

ð5 mmÞ is indicated on the top of the figure.
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4. Conclusion

� Comparison to LHC conditions

There is an obvious temptation to extrapolate
the results of these quick aging tests with small
chambers to the real LHC conditions. It is quite
common to compare the total deposited charge on

wires in this kind of tests with that expected in a
real experiment. Although such a calculation is
quite straightforward, one should be very cautious
with drawing firm conclusions from it. There is not
a good quantitative model of aging that would
allow for reliable extrapolations of accelerated
aging tests to long term aging at real experiment.

Fig. 20. SEM micrograph of the central anode wire in the gas outlet area and the corresponding XEM spectra. The scale ð5 mmÞ is
indicated as a white line on the top of the figure.
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One should treat these calculations as indications
and tendencies rather than quantitative predic-
tions.

There are at least two mechanisms of aging: one
is connected with a polymerization process on
anode wires (anode aging), while the other
mechanism has to do with cathode deposits
(cathode aging). One can argue that for the first
one, the total charge per unit wire length is the
most critical parameter, while the total charge
accumulated per plane divided by its total area is
more relevant for cathode aging. For CF4 mix-
tures, the obtained data demonstrated the presence
of cathode aging. Then, supposedly, one could
obtain the same aging effects if the dose were
distributed over the entire cathode area. Thus, for
extrapolating the test results to the LHC environ-
ment, it is necessary to consider the accumulated
doses in terms of the charge per unit area of the
cathode planes.

The dose accumulated for CF4-containing mix-
tures was about 0:21 C=cm2; which is approxi-
mately a few times more than the dose expected at
the LHC (see Table 1).

� CF4-based mixtures

Both the Arð30%Þ þ CO2ð50%Þ þ CF4ð20%Þ and
Arð40%Þ þ CO2ð50%Þ þ CF4ð10%Þ gas mixtures
showed very little signs of aging besides an
increase in dark current and noise count. The gas
gain remained virtually constant up to the end of
the tests (B13 C=cmÞ:

Opening the chambers revealed layers of depos-
its on the cathode surfaces. Element analysis
showed the presence of silicon, fluorine and
oxygen. The intensity of the cathode coating in
the tests with 10% CF4 was substantially smaller.
However, this is likely due to the change in the
chamber design: in the old design which we tested
with the 20% CF4 gas mixture, we observed a
good deal of Si-rich RTV which had leaked inside
the gas volume. It should be mentioned that this
RTV inside the gas volume had become brittle. If
bits of RTV become loose, they can end up on the
wires—which is definitely not good for chamber
operation.

Wires tested with the 20% CF4 mixture
appeared to have an etched gold plated surface.
This observation is different from that with 10%

Fig. 21. XEM spectrum of the cathode surface in (a) the

irradiated zone; (b) the gas inlet area; (c) the gas outlet area.
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CF4: gold plating of wires was cracked and the
wires were damaged more. However, these da-
mages apparently did not affect the chamber
performance.

Another feature worth mentioning, observed in
both chambers, is the consistent presence of tin
deposits on the anode wires in areas close to the
gas outlets. The tin may come from solder
interacting with fluorine.

� NO–CF4 mixture

A chamber with an Arð30%Þ þ CO2ð70%Þ gas
mixture showed quick deterioration in gas gain: it
dropped by approximately a factor of 2 for each
0:25 C=cm on the anode wires. A thick polymer
coating on the wires was observed after the
chamber was opened.
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