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Abstract

Results of measurements made with a full size four gap multi-wire proportional chamber prototype
for the inner part of the LHCb muon system are presented. Comparisons between the calculated and
measured detector capacitances of the wire and cathode pads have been performed. The efficiency
and cross talk in the case of a combined anode-cathode readout of the prototype were measured
in a test beam. In general the properties of the chamber are well understood, although the causes of
instability of the system at low thresholds needs to be resolved. The prototype fulfils the requirements
for the LHCb muon system. These results include data up to April 2001 updating a previous note.
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A picture of the chamber by the end of the assembly period.



1 Introduction ulation, as discussed in Ref. [2] (see section 2.4).
The measurements of the capacitances, which were
A large part of the LHCb Muon System will begone after the beam tests, revealed also some faults
equipped with Multi-Wire Proportional Chambersy the chamber which occurred during the chamber
(MWPCs). The detectors in region 4 will have arconstruction and helped to understand some of the
ode wire readout, those in region 3 and the inngptained results.
part of stations 4 and 5 cathode-pad readout, while Measurements of the chamber performance in
those in the inner part of stations 2 and 3 haveig@e T11 and T7 testbeams at the CERN PS were
combined anode-cathode readout [1]. While in thgade in November 2000 and April 2001. The
first two cases the anode or cathode signals alafiamber was tested to ascertain the double gap and
provide the space point, in case of the combing@ad gap efficiencies for anode wire “pads”, cath-
readout the anode signals are used to measuredhe pads and with the combined readout, see sec-

horizontal coordinate and the cathode signals pifyn 3.3. Also the effects of cross talk and noise are

vide the vertical coordinate. The need for a confhyestigated, see section 3.4.

bined readout is a consequence of the high granu-

larity required in the horizontal plane (6 mm in sta- ..

tion 2 region 1) and a less stringent requirement én  D€tector description

the vertical plane (31 mm station 2 region 1). Th

high granularity leads to a high density of reado

channels in these regions. Moreover, the combingdschematic view of the prototype is given in fig-

readout makes these chambers particularly subjggé 1. The sensitive area of the chamber is 600

to cross talk [2]. Therefore, the electrical propertiggs0mm?, corresponding to the chamber size in sta-

of these chambers and the Front End (FE)-interfagen 2 region 2. The prototype has 4 separate gaps,

have to be well understood. each with an anode wire plane and a plane of cath-
Based on these considerations, a MWPC proigde pads. The values for basic chamber parameters

type was constructed as an example of the detecigs the following:

planned for use in region 2 of Muon station 2, with .

part of the wire-strip granularity matching the re- ® MM Symmetric gas gaps

quirements for region 1 (see section 2 for a more

complete description). The prototype has four sep-

arate sensitive gaps, each with an anode wire planee Gold-plated tungsten wires of 30n diame-

and a plane of cathode pads. The chamber read- ter from LUMA

out was arranged such that the signals on both the

anode wires and cathode pads could be meas §:::aailed simulation studies, summarised in [3, 4]

1 General layout

e Wire spacing 1.5mm

simultaneously. The chamber had some catho ow that the required detector performance can be

pads grounded and also the possibility to connél tal_ned with these parameters. .
Figure 2 shows two cross-sections of the cham-

the wires to ground. This allowed the measurE- The i | dwich built of t
ment of the chamber response with only the ano & € INNET panel sanawiches are bullt ot two

or cathode active, and hence a comparison with tWénted circuit boards (PCBs) glued on a honey-

results obtained from the combined readout. cqmb sheet. The top and bottom paqels are 3.2mm
The gaps were electrically connected in paiF ick FR4 sheets with copper cladding. The FR4

before the readout chip giving two independeﬁ eet; were used in an attempt to simplify the con-
%tﬁuctlon, however they are less flat than the hon-

double gaps. Two FE-boards were available eal b s, Al h in the left f
allowing 16 channels to be read out. The interfaGg cOM?° PaNEIs. A1S0 ShOWN In the IeTt figure are a
inlet and outlet and in both figures the interface

to the chamber was arranged so that the 8 chanrﬁgjt e FE-electronics boards
[ doubl d th ding 8 int i '
n one Coulbie gap and the corresponding € in In the right hand diagram of figure 2 one can

other were monitored. " f the chamb | the wi
The total and mutual capacitances of the aﬁ?e a cross section of theé cnamber along the wire

ode and cathode channels were measured and coe,tgtg The i]as volume of th.e che;n:r?er Iﬁ cl(z)sed
pared to results obtained with the MAXWELL sim?! 1ings fo €ase Te-opening ot the chambers
and allow for possible modifications.
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Figure 1: Top view of the wire plane laying over the cathode plane.
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Figure 2: Two detector cross sections perpendicular (left) and parallel (right) to the wire planes. Shown
in detail are the cathode pad readouts and the anode wire readouts in the left and right figures respectivly.
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2.2.2 Cathode pad readout

Figure 4 shows a drawing of the cathode pad plane
where the cathode pads are numbered according to
the readout sequence. The larger cathode pad di-
mensions are 15& 31.25mm? and the smaller
pad dimensions are 75 31.25mm?. The read-

out traces and a column of the larger pads that
were grounded are also shown in figure 4. All the
other lines shown in the drawing are guard ground
lines introduced to minimise the mutual capaci-
tances and hence cross talk effects [2]. This is dis-

Figure 3: Blow up of a corner of the wire ﬁxatiorbussed further in section 2.4.

bar.

2.3 Construction procedure

The high voltage is brought to the wire pad§he construction was done following the steps
via a bus line and individual loading resistors alorgmmarised below.

the wire fixation bar, as can be seen in figure 3.

The figure also shows how the wires are glued and ® Panels: The flatness of the printed circuit

soldered to the wire fixation bars.
The dimensions for the various components of
the prototype are summarised in table 1.

2.2 Signal readout

As mentioned before, the prototype was built to
study the combined anode-wire and cathode-pad
readout. In both cases two neighbouring gaps were
OR-ed before the signals were fed into the FE-
boards. The anode wire signals are readout along
the wires on the long side of the chamber, while
the cathode pad signals are readout perpendicular
to the wire direction on the short side of the cham-
ber (see figure 1).

2.2.1 Anode wire readout

The chamber has two different wire strip sizes:
6.25 x 250mm? and 12.5x 250mm?. Figure 3
shows a corner of one of the wire planes and illus-
trates the grouping of wires in the small wire pads
on the wire fixation bars. In order to obtain the
required granularity with a uniform wire spacing
of 1.5mm, 4 or 5 wires are grouped together for
the narrower wire strips with an average width of
6.25mm. In case of the larger wire strips with an
average width of 12.5 mm, 8 or 9 wires are grouped
together.

boards (PCB) and the honeycomb sheets was
controlled before the panel gluing. Only the
components with a flatness withit50um
were accepted. Abou20% of the PCBs
were outside this specification. The chosen
PCBs were glued to the honeycomb sheets
with Araldite 2011, and then left for about
24 hours held to a flat surface by vacuum.
The flatness of the final panels was measured
again. The measurements showed a maxi-
mal deviation of£50m with an RMS of the
measurement of abo@0um. These mea-
surements are within the required tolerances.

Frames: In order to avoid surface currents

the wire fixation bars were first machined

with a special profile in order to smooth the

electric field at the borders. They were then
glued on the panels with the cathode struc-
ture, while the bars with the O-ring grooves

were glued on the central panel and the two
outer FR4 sheets.

Wiring: First a 10um guard wire was
placed by hand at each end of the chamber
and their wire tension was adjusted to 300 g.
The guard wires were positioned to have a
1.5mm offset from the sense wires. The
wiring of the plane was done in a standard
winding machine. In a first step a frame with
precise combs (to insure the correct wire
spacing) was mounted to the machine and



Outer chamber dimensions  7¥5362 x 62 mm’ Sensitive area 60@ 250 mn?

Number of gaps 4 Gap size 5mm
Number of Anode channels 2 x 32 Number of Cathode channels 2 x 60
Number of wires 4 x 400 Wire pitch 1.5mm
Honeycomb thickness 7mm Outer PCB thickness 3.2mm
Cathode PCB thickness 1.6mm Ground PCB thickness 0.8 mm
Wire pad sizes 6.2% 250 mn? Cathode pad sizes 7531.25 mnd
12.5x 250 mn? 150 x 31.25 mnd

Table 1. MWPC prototype parameters.
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Figure 4: Top view of the cathode plane. The circled numbers indicate the connection between readout
traces and cathode pads. This numbering scheme is used for the chamber capacitance measurements.



wired. The wire tension was 50g. Next th&@he chamber was repaired before the April test-
two wire planes produced were transfered tieam measurements. The overall chamber geom-
intermediate frames. Finally, these planegry is shown in figure 4. Figure 5 shows the wire
were put on top of the honeycomb sandwiclpad capacitances. The 1.25 cm wire pads have a ca-
To guarantee a distance of 2.5 mm from thgacitance of~40 pF, the small pads show25 pF.
wire plane to the cathode, the height of thEhe 20% discrepancy with the calculation is most
frame carrying the wires was adjusted usirgrobably due to edge effects. All the capacitances
a microscope. The wires were then gluedutside the nominal values where identified with
with Adekit 145A and left for 24 hours al-mechanical errors, i.e. unconnected or shorted
lowing the glue to polymerise. pads.
) ) ] The mutual pad-pad capacitances are shown in
e Soldering: The wire soldering was dongjqre 5. The capacitance is2.5 pF, independent
maqgally with a low temperature solder. Apy¢ o pad size as expected. The valueliss
additional flux paste was used to allow figher than the calculated one. It is however still
faster and easier soldering. The same past& i, a critical range.
was used to solder the front-end components g capacitances of the small cathode pads to
and this caused serious problems. The Cofyond are shown in figure 6. The capacitance of
ductivity of the paste was higher than ex: 5g he js209 larger than the calculated value.
pected and all the connectors and capaciteffie mytyal pad-pad capacitance is shown in fig-
had to be replaced. A different solder Wage 5 The measured numbers agree very well with
then used. the calculation. The measured value was 1 pF be-
« Assembling: Before the final assembling of WeeN pads 1-3, 2-4, 3-6 etc. and 3.6 pF between
the chamber, all the panels were cleaned wigdds 1-2, 3-4 etc., see figure 4. The large capaci-
an ionising nitrogen gun. The closing of thiance between pads 1-2 etc. is due to the readout
chamber with screws caused slight deformi@ce of pad 2 that runs under pad 1. The fact that
tions on the corners of the sandwich paﬁhls number agrees wgll with the calculation is a
els. For future prototypes a reinforcemeni€'y important result since the readout for all the
of these border regions is foreseen. chsmbers is region 1 and region 2 is based on this
scheme.

The gas system was not capable of ensuring Finally figure 7 shows the capacitances of the
reliable gas flow through all four gaps. In théarge cathode pads to ground which are alternating
measurements made during the testbeam it bec##g to the different readout trace configurations.
clear that one double gap (labelled A) was systefﬁhe numbers agree well with the calculation. All
atically worse than the other double gap. This wiie numbers outside the nominal values were iden-
traced in the April testbeam to a single gap on tfiéied with mechanical faults.
outside of the chamber. One possible explanation We conclude that except for the wire pad mu-

is that the outer panel is not sufficiently flat and hd4al capacitances all measured values agree with
changed the gas gap width. the calculations withire0%. The high mutual wire
pad capacitances of 2.5 pF are still well within al-
2.4 Detector capacitances lowable tolerances.

The pad-ground capacitances and pad-pad capacs Front end electronics
tances where measured using a voltage sine wave

generator. For the capacitance measurement of¥€ front end (FE) electronics are based upon the
single pad, all the other electrodes in the chafiSDQ++ readout scheme as described in Ref. [5].
ber were grounded. Unfortunately these measurdie addition of a common base transistor in front
ments were only done after the testbeam data t&kXhe each input to the ASDQ chip reduces the in-
ing in November, so problems like unconnected BHt impedance and extends the valid range of de-
shorted pads that where discovered during the gctor capacitances. The noise characteristics were
pacitance measurements are present in that datgo reduced by this modification. A schematic of
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Figure 5: The left plot shows the wire-pad capacitances to ground. On one double gap, not all the
pads were measured. The numbering scheme follows figure 4. The pads showing a capacitance of
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The solid lines show the calculated values and the solid and open circles refer to the measurements of
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the design of the readout for the anode wires and
the cathode pads is shown in figure 8. This shows
the hardwired OR of each double gap before the
amplifier and the conversion to LVDS to send the

signals to the DAQ system. Only the digital ouput

of the electronics were recorded.

The FE electronics have been implemented in
two stages; the first stage as a spark protection
board (SPB) and the second as the ASDQ chip
board (ACB). The ACB is mounted parallel to and
immediately above the SPB. This design limits the
distance the signals must propagate from the cham-
ber. Only the digital outputs of the chambers were
recorded. The ACB design has undergone several
improvements since the testbeam data was taken.

Another technical note will describe the FE
electronics in detail with a full schematic [6]. This
will contain the details of the implementation and
the response of the FE electronics. Here only those
measurements related to the chamber response in
the testbeam are mentioned.

2.5.1 Spark protection board

The SPBis a 52 60mm? 2 layer 16-channel board
that contains a system of resistors and diodes for
each channel designed to limit the voltage in the
event of a spark or discharge. The design uses a
two stage double diode scheme: the first resistor is
8.201 connected to two diodésind a second resis-

Figure 7: Capacitance of the large cathode patts: of 5Q° was also connected to two diodeJ his

The measurements (points) agree well with the cdlesign fully protected the readout channels during
culations (lines). Small edge effects are clearly vigieasurements up to 3.6 kV on the chamber and
ible. The values different from the nominal onefom discharges of a 1000 pF capacitor. During the

were identified with mechanical problems.

Theesting no channel became damaged in contrast to

solid and open circles refer to different doublthe simpler scheme described in Ref. [5]. The noise

gaps.

suppression resistor and capacitor for each channel
are 15.22) and 17 pF respectively.

2.5.2 ASDQ chip board

The ACB is a 5«60mm? 4 layer 16-channel PCB
containing 16 common base transisfoend two
ASDQ chips. The noise characteristics of the read-
out are improved with respect to the previous im-
plementation [5]. The parallel noise was reduced
by increasing the resistance of the collector and

1SMD 2512, 1 W
2BAV99

3SMD 1206, 0.25W
“BFR-93A
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Figure 8: A schematic view of the wire pad readout chain in the upper diagram and the cathode pad
readout chain in the lower diagram. The HV is shown on the wire pad readout. The upper plot shows a
vertical section though the chamber with the wires running parallel to the page, the lower plot shows a
horizontal section with the wires perpendicular to the page.
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2.6 Baseline restorer response

Digital output

Each channel of the ASDQ chip has two preamw BLR output (1.5 V) ‘

plifiers connected to a differential amplifier. De-—=—=

pending on the polarity of the input signal one con

1

AN176 mvE

nects one of the two in order to have the same pp-""

L

larity for the chip-internal signal processing chain

One problem arising for the wire pads is shown "J
Figure 9. If a particle crosses the edge of a wir

Digital output ‘

:‘| .
| [

pad, all the electrons will drift to the edge wire and
induce a negative signal there. The charge of the

avalanche however also induces a positive signalp@ure 10: The figure shows the output of the base-
the edge wire of the neighbouring pad which hge restorer (BLR) and discriminator for the nega-

the same pulse shape, opposite polarity aht tye ASDQ++ board. The upper trace indicates the
pulse height of the negative signal. The result igsyts to a circuit to generate equal and opposite
a positive input signal into the ‘negative’ amplifiefe|ta pulses. With the BLR response balanced with
input which causes a positive signal in the intefy, input control voltage of -0.7 V the analogue and
nal signal processing chain. The response to tgigital outputs are shown in the 2nd and 3rd trace.
‘wrong polarity” signal of the chip is shown in fig-|f the BLR is set to maximise the response for neg-
ure 10 for two settings of the BLR response ranggve signals, control input of +1.5 V, the responses
In a balanced mode the response to different Pge shown in the two lowest traces. Each horizontal

100 ns

larities is equal. If the response is optimised for yision is 50 ns.

given input polarity (negative in figure 10) and the
opposite signal is provided there is an initial small
pulse in that direction followed by a large and long

response in the opposite sense. This can cause sig-

nals delayed by about 75 ns from the initial pulses,
compared to about 59 ns for signals of the correct
polarity. In the November testbeam data was taken
with the BLR optimised for the expected polarity,
in the April testbeam the data was taken with a bal-
anced system.
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Figure 11: The layout of the 3 scintillators, thézg'2 Chamber hit multiplicities

hodoscope and the chamber in the testbeam argagure 12 shows the noise rate for the chamber
The trigger was set for a coincidence between thdthout beam as a function of the applied HV.
scintillators S1, S2 and optionally a specific horHowever very high signal rates were seen during
zontal and vertical hodoscope strip. The small scidata taking. This was predominantly due to insta-
tillator S3 was used in T11 in November but ndiility in the system which induced large hit rates
subsequently. when the beam was on. The hit rate was directly
proportional to the beam intensity for each HV set-
ting and the spills without beam show almost no

3 Testbeam results hits in the chamber.
ThedFE /dx feature of the ASDQ chip [5] was
3.1 Experimental set-up on in November; in this mode the length of the out-

, put pulse is proportional to the measured charge.
Data was taken in the T11 test beam from OCtobefe ;5 /4; feature also increases the dead time

31st 2000 until November 7th and from the 24ifjac0 suppressing the hits immediately after a sig-
to the 29th of November in T7. Additional datgq| At larger HV the longer average pulse length
with the modified electronics and repaired chamgnyinuted to the larger dead time. In April ow-
ber were taken from April 6th to 9th 2001. The e)ﬁhg to better stability in the system thikg /dz fea-

perimental set up is shown in figure 11. A detailegh« \vas off and the ASDQ provided short output
description of the DAQ can be found elsewhere [%ulses.

The default trigger was based on a coincidence of
the scintillators S1 and S2, with an additional ¢
incidence with the small scintillator S3 in the firs
period. In the second period a vertical and a hoffthe requirement for the quad gap MWPC is to pro-
zontal channel of the hodoscope were used in colide signals with ovef9% efficiency for a mini-
cidence with with the S1 and S2 scintillators in thewum ionising particle crossing the chamber. There
data analysis. The trigger was delayed by 300 nsigaalso the requirement of ove§% efficiency with
allow both the history and the subsequent signaaly one double gap. The final readout will logi-
to be observed. TDCs measured the time of hially combine the two double gaps to increase the
in the scintillators, the hodoscope and the chambefficiency and provide redundancy. So both the sin-
Scalers counted for 333 ms of the 400 ms burstdfe double gap and double double gap (hereafter
record the total numbers of hits in the scintillatorglouble and quad gap) efficiencies were measured.
the hodoscope and the chamber. The plateau length is the range of high voltage
(HV) in which the double gap is at leas86% ef-
ficient and does not spark or draw significant dark
current.

3.3 Efficiency results
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The chamber is designed with a gas gain tfe dependence on the position in time of the nom-
1 -10° as the nominal operating point. The chaniral 20 ns window are also plotted. These plots
ber should be efficient if the gas gain were to vaghow that the cathode pads at a low HV benefit
between(0.5 — 2) - 10° with the attendant changegrom a larger time window, although in the plateau
in pulse size induced in the pads. The HV correegion both anode and cathode pads have saturated
sponding to these gas gains3id5 + 0.15kV. This the efficiency in a 20ns window. The ability to
indicates that the plateau ought to start at 3.0 k'éposition the window with an accuracy of a few
for each of the readout configurations. nanoseconds if the HV is changed can be seen to
The efficiency for the two sizes of anode wirbe important, particularly for the cathode pads.
pad are shown in figure 13 as a function of the
HV, these measurements were made opposite3@ Cross talk results

grounded cathode plane. The trigger was based
upon a 1cm by 1cm area in the hodoscope. Tké0SS talk between anode wire pad or cathode pads

narrow size of the wire pads and the distance will reduce the positional sensitivity of the cham-
the chamber from the hodoscope allowed trigger88"- This has implications for the LO muon trig-
particles to spread into 3 wire pads. To accurate$g’ Performance, the dead time and hence the effi-
measure the efficiency the first hit in any of thregency. Therefore cross talk should be minimised
adjacent wire pads was taken in November and fqlrall stages in the detector design. In the following
in April. The plots for the two sizes of cathode pad€sults from cross talk to one or more adjacent pads
are also shown in figure 14, the measurements wéfg Presented.

also made with the anode wires grounded at Hv, N the testbeam data two types of cross talk
The same measurements with a combined read¥§e observed.

are shown in figures 15 and 16.

The improvement seen between November and
April is attributed to the significantly lower cham-
ber noise. This indicated large dead times in e Out-of-time cross talk : An in-time hit is
November which reduced the overall efficiency. found in the pad crossed by the beam and an-
The measurements of the chamber in November  other hit in an adjacent pad 20 ns later.
show that there was no useful plateau for the cath-
ode pads in combined readout mode and a limited The explanation for the out-of-time cross talk
plateau for the wire pads. Both were caused MRS found in the response of the baseline restora-
an unstable readout that would sometimes urinéi’on circuit to pulses of the opposite polarity to the
for many repetitions after a particle induced a si@n€S expected by the pre-amplifier, as described in
nal, this greatly increased the dead time. With tf&ction 2.6.

improved grounding in April these effects were no 1 Ne average cluster size for the anode wire pads
longer apparent. and the cathode pads is show in figure 18, for data

At the nominal working point of 3.15KkV thet@ken in April. This clearly shows that there was lit-

efficiency was good %95%) for both of the dou- tle cross talk in the anode wire pads and less in the
ble gaps in each readout configuration in Aprifathode pads. However this was only achieved in
The start of the plateau is about 2.95KkV for thife April testbeam after modifications to the cham-

wire pads. For the cathodes the plateau starts B&! grounding scheme and electronics boards. The

fore 3.0kV and there is no appreciable drop in efffla@ taken in November shows much more cross
ciency up to 3.4 kV. talk and larger cluster sizes especially in the anode

The effect of varying the time window in whichWire pads. N _
signals are accepted was measured. Figure 17 The cathode pads have capacitive couplings

shows the time distributions for the signal for botAlONg €ach edge and between the readout traces
the large cathode pads (3115cm?) and the large and pads. Figure 4 shows that for the small cath-

wire pads (1.25x 25cm?) at both 3.15kV and ode pads a scheme with the readout traces running
3.40KkV. The efficiency as a function of the size gfnder pads in the same horizontal row was tested.
the acceptance window for these distributions ardd® small cross talk rate between cathode pads in

e In-time cross talk : A hit is found in an ad-
jacent pad within the same time window.
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Figure 13: Anode Efficiencies, Single ReadoutThe efficiency is plotted for both sizes of wire pad.
The threshold was set at 210 mV for the large wire pads and 270 mV for the small wire pads. The other

side of the readout were grounded during these measurements.
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Figure 14: Cathode Efficiencies, Single ReadoutThe efficiency is plotted for both sizes of cathode
pad. The threshold was set at 270 mV for the large cathode pads and 240 mV for the small cathode pads.
The other side of the readout were grounded during these measurements.
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Figure 15:Anode Efficiency, Combined Readout The efficiency for each of the two double gaps (A

and B) and the combined quad gap is plotted for both sizes of wire pad. The threshold was 310 mV
for the large pads and 250 mV for the small pads. In each case both anode and cathode planes were
connected to the readout.

November Data

? EI T LI | LI | LI | LI T IE /5\
é 9 E = Q\/
S 98 3 ¢
S 97 F e I
o 96 1 o
gz E: ¢ Quad gaps :E e Quad gaps
93 z— a Double gap B —z 93 a Double gap B
= = 92
gi E_ o Double gap A _E o1 E_ o Double gap A
90:|| T VI NI A A A= 90:||||||||||||||||||||||||
3 31 32 33 34 3 31 32 33 34
HV (kV) HV (kV)
Cathode pad 3.1 x 15 ch Cathode pad 3.1 x 7.5 cf

Figure 16:Cathode Efficiency, Combined ReadoutThe efficiency for each of the two double gaps (A

and B) and the combined quad gap is plotted for both sizes of wire pad and cathode pad. The threshold
was 250 mV for the both sizes of wire pads, 250 mV for the small cathode pads and 280 mV for the large
cathode pads. In each case both anode and cathode planes were connected to the readout.
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Figure 17: The top row of plots shows the time distributions for botkx33cm? cathode pads (left) and
1.25x25cm? anode wire pads (right) at two HV settings. The efficiency for the chamber in this channel
as a function of the acceptance window is shown in the centre row, only a single wire pad is sampled here
so the lower efficiency can be understood as external triggers with the particle missing the wire pad. The
position of the window was set at each point to maximise the efficiency. The lower row of plots shows
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Figure 18: The average cluster size in the large dfigure 19: The average cluster size in the anode
ode wire pads and small cathode pads, data takeire pads for three different particle incidence an-

in April. The curves are the average of the twgles, data taken in April. The curves are the cluster
double gaps in combined readout mode. This daiae seen in the OR of the 2 double gaps. The num-
was taken after the improvements were made to thers in brackets are the prediction from the purely
electronics. geometrical cross talk.

the same horizontal row, as shown in figure 18, iBte gap. This additional requirement resolves the

dicates that this configuration does not lead to Sigr0b|em of partides Crossing pad boundaries, and

nificant cross talk. tends to suppress correlated cross talk from ground
The effect of geometrical cross talk was investgscillations for example.

gated, if the particles are not travelling perpendicu- The size of clusters was investigated, figure 22

lar to the chamber they may pass from one changgbws the cluster sizes for the anode wire pads

in the front double gap to a neighbour in the bagk 25+ 25¢m?) with the normal trigger. This shows

double gap. In the OR of the two double gaps thigat the cross talk increases with the gas gain as the

then gives a cluster size of greater than one. Ffignal size become larger.

a chamber with a distance of 50 mm between the

start of the first sensitive gap and end of the last )

and a wire pad dimension of 12.5 mm the expect@d Conclusions

geometrical cluster size is+ 4 tan 6 for a track of

inclination angled. Figure 19 shows the size of th@‘ multi wire proportlona! chamber prototype for
’P—ée muon system was built and tested at CERN dur-

geometrical cross talk in the OR of the double ga he | half of 2000 and beginni f 2001
for three angles. The angle of the chamber was the later half o and beginning o :
The chamber was a full size example of a cham-

measured in the November testbeam and so the ef- ] df f th Th
fects of the geometrical cross talk can not be gie" envisaged for parts of the muon system. The

entangled from the electrical cross talk. Only cro$® nstruction of the prototype proved the viability O.f
talk measurements with the chambefataken in the proposed scheme, however several areas for im-
April will be presented here provement were revealed which were partially ad-

The rates of cross talk are plotted in figure 2gl:_l)ress before the April testbeam. The development

and 21 in for combined readouts. Also shown in tl%ork is continuing and a new chamber suitable for

same figure is the cross talk rates with an additiorMF?_ﬁ 'S '?] prek|)o araéuon. imulated d
requirement of exactly one hit in the opposite dou- e chamber design was simulated to under-
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Figure 20: In-time Cross talk: The plots show the cross talk between each pad and its neighbour
(solid curves) and next-neighbour (dashed curves), data taken in April. In the left column the normal
trigger is applied, in the right a single pad cluster is required in the opposite double gap. This additional
requirement reduces the geometrical cross talk and cases where many of the channels fire due to electrical
instabilities in the readout electronics.
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Figure 21:0ut-of-time Cross talk: The plots show the cross talk between each pad and its neighbour
(solid curves) and next-neighbour (dashed curves) in the next time bin (25-50 ns), data taken in April. In
the left column the normal trigger is applied, in the right a single pad cluster is required in the opposite
double gap. This additional requirement reduces the geometrical cross talk and cases where many of the
channels fire due to electrical instabilities in the readout electronics.
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—— T The efficiencies were oved5% for each double

4500 —{ gap, for a sufficient range of HV to allow an in-
4000 —e _] crease in the HV if the gain begins to drop with
- 4 aging of the chamber.

3500 B — HV=3.05kVv ] The cross talk in the cathode pads was small
3000 e HV=330kvy - and fully under control, the cross talk between the
2500 - _| wire pads was larger but still substantially less than
2000 & 1 the geometrical cross talk.
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