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Aging tests of full scale CMS muon cathode strip chambers
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Introduction

The CMS Endeap Muon system [1] consists of
540 six-plane cathode strip chambers of trapezoidal
shape, the largest being about 3.4 m x 1.5 m in size.
In total, there are about 2.5 millions wires and the
overall area covered by the planes is around 6000 m”.
Strips, milled on the cathode panels, run radiall
the endeap geometry and thus provide a precise
measurement of the @-coordinate. Wires are stretched
across strips and ¢
hits.

Chambers have o operale at high hit rates’,
reaching up to 400 Hz/cm® at the area closest to the
beam line. In these conditions, they are to provide
about 150 um spatial re
bumiz uwwng tdentif
in 25 ns time window bety
i‘}maciz L‘t{‘xi%mmz}&

sotution as well as correct
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n LHC
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1. CMS Cathode Strip Chamber design

The chamber design is shown schematically in
Fig 1 (see Refl [1] for the detailed description). Since
the choice of chamber materials ex mwé o the inner
volume often define chamber susceptibility 1w aging
in high rate environment, here we give e
references to vendors and materials used.

Seven trapezoidal panels form a CSC chamber
with wire planes sandwiched between panels, The
panels are made” of two 1.6 mm copper clad FR-4
(fire-retardant fiberglass epoxy) skins® glued onto a
12,7 mm polyvcarbona 15 are the basis
of the chamber mechan ami structure. Strips and all
other ¢l artwork are milled divectly on the
ap befween strips is about 0.5 mm wide
and about 0.2 mm de

CGap bars, made

act

of FR-4 material, are placed
along panel perimeter and define the 9.5 mm
cathode-cathode gaps. BEach bar is bonded to its
corresponding panel with 3M double-sided scotch
tape and then a continuous epoxy ghue’ bead is
applied along both the inner and ouwter seams. In
addition, spacer bars® are installed (fastened with

polycarbonate screws through a panel) every 60 cm
along the chamber centerline to allow for an extra

| panmas.

support for panels. This relaxes tolerances on panel
flatness and helps prevent panel bulging due to gas
OVEr-Pressure.

ey by
Guap bar

UM cathode sivip «

When the chamber is assembled and the bolis
along its perimeter are tightened, a continuous bead
of two-component RTV is applied from the outside
of the chamber along the newly formed seams
between panels and gap bars, which provides gas-
tight seal.

Anode bars®, having a thickness of half of the
cathode-cathode gap bar, are glued to the panels with
the same used Tor gap bars, Gold plated
tungsten wires of 50 pm in diz ameter” are first glued
with another epoxy'” and then soldered' " to the anode
bars. Wire spacing is about 3.2 mm. Each wire plane
is split by the above mentioned spacer bars into 3 to
5 segments. A few wires are pulled out betw
segments and 200 wm gold plated Cu-Be gus
wires'? are placed (o make the first and the last wire
of each segment. This allows one to  apply
méc@a nd ml high m!mg@& on cach of the segments.

3, Waterford, NY, 12188
11 {two part si}imm@ rubber adhesiv
INICE INC., 721 Winston &
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Y2 W 1.0 and 4.7 ME2 carbon-composition resistc
whih: the signals are read out mm the @i?m side via

nl 7.5 kV ceramic mgmutmx

Long and thin (0.5 mm) F Rwé isolation strips are
glued™” o the panels to protect resistors, capacitors
and wire solc dering joints from being exposed to the
ground (metal ¢ :

A stainke - tube s inserted in the top
gap bar while ar outlet tube s placed
mm%m‘d%\* it the bottom bar. Gas flows through
' i igzag manner through

2. Experimental setup

The aging tests were camied out using the

. - . LF o ,
740 GBg radicactive PCs source (0,662 MeV
gammas) at the Gumma bradiation Facility {2] at

ERN. The source can irradiate large area detectors
with uniform flux rate, The hit rate observed in our
mambmx during trradiation was about 20 kHz m’,
e, about 50 thmes larger than that expected at LHC.
Two  production  ME chambers  of
Q},S’s m o x LE min s about

Sl iters were usec d i these s
ch chamber was frradiated for about 5 xmmtha
cone in 2000 and the second one in 2001, The
sen the two rounds of tests was
gas flow. The 2000 tests were
done Mﬁb y s mixture flushing through the chamber
and directly o the exhaust, while the 2001 studies
were done with a prototype of a closed-loop gas

iw {

ystem, where € of the gas coming out of the
chamber gas outlet was mixed with 5¢ 1 gas

eried back to the chan
' gsed in both te; (s was 40
The pmiw of the pg;fxmzx £
){}O Was as éoE OWs:

zzmi div

hether recycling
impact on the ch a.l’:’xb@( aging susceptibility. During
the z‘cm;&zmmg 173 the gua is‘y of Ar and if‘(}x Wiis

e g i «immk;e;t \!{)Emmc per day in
2000 and 4 chamber volumes per day in 2001
(4 Vp/day is nominal for these chambers at CME).

The prototype of the closed-loop gas system
contained the same :mm::z"iz‘:lza as those to be used in
the final gas system being built E“m“ m CMS cathode
strip chambers. Two copper pipes' (10 and 14 mm
inner diameter, sf;,,wh m‘m;ﬁ 50 min i h) connected
I and outlet,

HPES WE
proc

, § system. The piping of the
rack iise made of stainless stee
prototype also inclided a purifier a,mizzaiw‘ filled
with activated nickel, pickel oxide, and aluminum
oxide to remove water vapor and oxygen. The
bubblers filled with vacunm oil were used at the
exhaust line and other various points for ¢
protection.
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photon beam irradiation. In total, about 2.1
area, or 700 m of wire lengtl The
two outer planes (1 and 6) served as a reference:

during iz’rﬂ&ciia jon, high voltage for these planes was

wirned off. The anode wire planes of the ME1/2-type

chambers are divided into three independent HV
cgments (A, B, and ).




3. Resulls

While irradiating (usually one-day long runs),
g e 1) anode current and

signals.

s11 the frradiation runs the

parameters  were  mea sured:

hreaks betwe
following chamber
1) dark current from cathode strip planes with a high
sensitivity Keithly pico-ammeter, 2) anode  wire
signal noise, 3) efficiency plate
muons, and 4) strip-to-sirip resistance.

The experimental  environment  (atmospheric

sure, temperature, and humidity) was recorded as

w for cosmic ray

The nominal operational poiat for CMS ch;‘as’n hers
is 3.6 k¥, which uuwmuuda m Ty L, or
about 1 pC total charge »
minimum ionizing parti 153@ MAor Source
ha ound hits was Compton electons, Tt was
shown in earlier : GIF that signals due to
Compton electrons ‘mi to make signals on average
4 tmes larger than those produced by minimum
fonizing particles. At the full LHC El‘ai}'iii‘im‘iik‘ with
the expected hit rates up to 400 Ha/em? (130 Hz/em),
one expects 1o infegrate of the order of 0.08 Crom of
> per unit of wire length in about 10 LHC vears
ssuming that average integrated lominosity per vear
is about one half of the LHC peak lwminosity).

Fg.3 shows the accumulated charge per unit of
wire length in the tests of 2001, One can see that the
four pla radiation
accurmulated a total charge of the order of 35-535 LHC

1w that  were  exposed o Dy

Years.

10 LHG years = 0.08 Clom

54 LHC yoars
W
40 LHG years

?}G LHO yearg

HILHG fosrs
Affsmgan

HLLMG years

‘;\

most layers (#1 and #6) were vsed as
(they had no MY during radiation rung),

Fig.d illustrates how cuwrrent measurements in
combination with a high rate source allow one o
measure the chamber gas gain. At low high voltage
all one sees is a flar tonization current Ly, With the
onset of avalanche process, the current HHV) grows
exponentially with high voliage. The gas gain can be

easily evaluated at any high voltage point as
(H\r’)fi During irradiation, the high voliage on
the four inner planes was set at 3.7 kV, which
carresponded (o 0. From fig.s can see that,
despite of the somewhat fncreas gain and very
igh irradiation 3
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4. Chamber current from cathode sirips vs,

few times at the same GIF conditions and remained
unchanged throughout the test period for both 2000
and 2001 year tests, Fig.d illustrates this result for the
tests done in 2000

@
o
w
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different dates

g b IHUH(“\ of irradiation.

Another more commonty used way of monitoring
gas gain changes is to compare gas gain in irradiated
planes to that in a re

¢ we had two reference planes, we
(Li+1)/2 and plotted T/l for four
planes—see fig.6 for the chamber aged in 2001, No
gas gain deterioration was observed.

HEfficlency plateau  measurements made  with
seintillating counters triggered on cosmic ray muons

did not show any systematic changes either.

ence not irradiated plane.
defined




Anode wire count noise for owr chambers is
dominated by hits due to natural radicactivity of
materials used and cosmic rays. At a threshold of
~15% of the average m.ip. signal, ate is about
10 Hz per anode wire group (~1 Mig.7 shows
that this “dark” nois i
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Fig. 6. Relat
non-trradiated plar

Drark current is yet .i;miim measure of chamber
performance stability. Fig.8 shows results obtained in
2000, One can see that dark currents did grow on
average from ~2 nA per plane (about 600 wires) to
around 10 nA (one of the aged planes did not change
its dark current, while the s ( increase was about

the results were

60 nA). In the 2001 res very
similar, with all cwrrents for six planes scatiered

between 1 and 10 nA at end of the tests.
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The last monitored parameter was the resistance
between strips: it was evaluated by measuring current
seent strips at difference potentials of 9 V. Fig. 9
an obvious systematic drop in resistance over
i%w course of ix‘;‘a&ia%mi} fromm ~ 1000 GE to as low as

-100 G for the worst planes. 8ull, this level of
resistance is fa too large to affect the strip readout.

In fact, the strips are normally gre
resistors so that they are not left floating when the

strip electronics 15 not connected  (th oM
resiste 3 to be efl on these two chambers to

allow for the strip-to-strip resistance measurements),

<
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“he dark eurrent vs. accumwiated charge

The facts that gas gain remained unchanged and
strip-fo-strip resistance decreased hinted that the
p olymerization deposits must have been formed on
sthode surface and not on the anode wires.
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9. Resstance between cathode suips vs. accunuls

Comparison of the results from 2000 (open-loop
s systermny and 2001 (closed-loop e}
showed no changes in {E"tﬁ; aging pattern. Also, as was
mentioned section 2, drd of the 2000 run
was conducte wiib a
o purity
changes th 9& oL ai e &!t:gfmu ;1 o EEw Wit LE} of the
28,

4. Gras analysis

During the tests with the closed-loop gas system,
we attempted to measure the possible accumulation
of impurities. The gas chromatographic analysis with

=200 ppm wsitivity  showed no signs of any




contamination. Dedicated high sensitivity O and
Or present at the
vel of about 10
the closed-loop gas system had a
rcohnmn designed to remove oxygen
and water, These weasurements were done at the
point upstream from the puri '
out from a chamber).

T

for gas as it

COMe

6. Soponary

Two chambers operating at a gas gain of 10°
with an A/CO/CH=40/50/10 ¢ mixture were
prradiated over an exte a few months and
over a (~2.1 m* or 700 m of anode wire per
chamber) with the total accumulated charge per unit
of wire length of about 0.3-0.4 Clom. This dose
should correspond to 40-50 LHC vears for the CMS

o Bottom lefis 1

an glectron

iy a5

wposition of cathode plane

sembling  the chamber confirmed  these
N <o ) -

ations. Indeed, whitish® deposits were found

on the cathode surfaces spreading

sam (remeraber that this plane had HV tmed
off during trradiation) also had some of the residue.
Analysis of deposits revealed presence of O, F, and
Si fairly
clean with only sporadic blots of polvmers of similar
composition (fig. 11y

Analysis of wires showed that they stave

€

L1 Anode wires as seen with the help of an electron-scanning
MICroscope

am these chambers
wamber operated with an open-

flushed through the chamber
and directly to the exhaust). The other one operated
with a prototype of the closed-loop gas system
providing, in each cyele of full chamber gas volume
exchange, only about 5% of fresh gas. Both
experiments, with and without recirculation, did not
show any  significant  chamber  performance
deterioration. The closely monitored parameters were
pas gain, anode wire noise count, dark current, and
resistance  between cathode strips. The gas gain
ceuracy. The anode
hardly changed from its original
rate of ~0.1 Hz/em”. The dark current increased from
~2 uA 1o typieally less than ~10 nA per wire plane of
600 wires. The strip-to-strip resistance changed from
1000 GE2 1o around 10-100 GL.

endeap muon s
intended for. One
loop gas syst 4

wire signal nois




Summarizing, the performed tests indicate that
thode strip chambers
the LHC environment

an
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