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1) INTRODUCTION

Large drift chambers for the muon detector of the L3 experiment [1] at LEP have been
built at CIEMAT by the High Energy Physics Group. These chambers, called Z chambers,
measure the muon track coordinates along the direction of the LEP electron-positron beams
(Z coordinates). A total of 96 of them, with typical sizes of 5.4 x 2.2 m2, were produced.
The expected performance has been achieved in all chambers, which have been operating
since august 1989.

General information about chamber relevant features, as well as results of preliminary
studies and tests performed with prototypes, can be found in [2] and [3]. The simplicity of
the basic cell design chosen by us, made possible that chamber construction could proceed
fast. A rate of 6 units per month was reached at the end of the construction phase. As
shown in Fig 1, a chamber consists of two superimposed layers of about 60 cells each. Every
cell has a sense,wire (gold plated molibdenum 50 microns diameter wires were used) and a
couple of field shaping cathodes made with aluminium I beams. Cells are closed, top and
bottom, with aluminium sheets kept at ground potential as sketched in Fig 2.

Figure 1. Sketch of a Z chamber showing the two-layer structure.
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Figure 2. Basic cell configuration: sense wire, I beams and aluminium ground plates.
G10 strips act as insulators. The distance between 1 beams is 91.18mm.

Because of the electric field configuration in the cell, the drift velocity is not constant
all along the drift path. Therefore, the dependence of the drift time on the distance to
the sense wire is not linear. The deviation of the drift velocity from uniformity depends
on several parameters. This is why optimization studies, were performed, and a cell-map
parametrization for the relation time - distance was obtained by using a small size prototype
in a CERN test beam at the West Hall of the SPS [4,5].

This cell-map parametrization is presently used in the muon track reconstruction pro-
grams of the L3 detector. It has been shown that the resolution obtained in the case of
assuming a constant drift velocity is significantly improved when the parametrization is in-
cluded. Just as an example, we show in Fig 3a the graphical representation of an event with
two muons as seen by the L3 detector (side view). The detail in Fig 3b allows to get a closer
view of one of the muon track segments reconstructed from the wire signal information of
two Z chamber layers. More details on muon reconstruction, and momentum measurements
with the L3 detector, can be found in [6].

In the CERN test beam, a nominal gas mixture (Argon-Methane 91.5%-8.5%), and a
nominal anode wire potential (2150 Volts) were used. However, during normal operation
in the L3 detector, there are situations where both values may change. The same applies
to the discriminator threshold voltage, which can be raised or lowered depending on noise
conditions. In order to study which implications these effects would have on the resolution,
we decided to take some cosmic muon data using a set of four spare Z chambers which were
available. This study was also meant to help us to better understand the behaviour of real
size chambers, and to set up a method of chamber calibration. Data taking was performed at
C1EMAT, in the cosmic ray station used for chamber testing during the construction phase.
In this paper we report some of the results obtained in our study.
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Figure 3. a) A typical dimuon event as seen in the L3 detector. Muon trajectories in
the YZ plane have been reconstructed from Z chamber information and are shown, b)
Blow up of region A in Fig 3a.
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2) EXPERIMENTAL SET-UP

We present in Fig 4 a sketch of the experimental set up. Cosmic ray particles are
detected when crossing the plastic scintillators which have photomultipliers at both ends.
A mean time coincidence system provides the trigger signal, and the event is recorded in
case that there is also a minimum number of wire signals from the chambers. Fig 5 shows a
diagram of the cosmic ray trigger system.
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Figure 4. Sketch of the experimental set-up.

The drift chambers were precisely positioned. The relevant point was to make sure that
wires from different chambers were parallel. Then, we had to measure the relative alignment
of the chambers along the Z coordinate (in our reference system, the direction parallel to
the wires is X, and gravity defines Y).

This was done by using a theodolite and taking advantage of the chamber reference
pins. The distance between these pins and any of the wires in the chamber is known to
better than 300 microns. Considering the theodolite precision, we estimate that possible
alignment errors are not bigger than ±0.5 mm.
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Figure 5. Cosmic ray trigger diagram.

The chambers were fully equipped with electronics, similar to the ones used in L3. Drift
time readout is also made with L3 standard LeCroy TDC's. Data taking was controlled by
a PUP 11/24 computer. The data were transfered through a DECNET link to a VAX
computer and later on to the IBM 3090 of the Computer Center for offline reconstruction
and analysis.

3) DATA SAMPLES

Data taking conditions changed from run to run as summarized in Table 1. We have
taken data with three different argon methane gas mixtures (8%, 8.5%, and 9% methane
content, from now on referred as P8, P8.5, and P9, respectively), we have considered two
possible discriminator threshold values (38 and 80 mVolts), aivd we have varied the sense
wire potential from 2150 to 2100, and to 2050 Volts.

Typically, during a run period (about one to two days), a few hundred thousand triggers
were collected. These data were processed and simple selection criteria were applied in order
to keep only good single muon tracks traversing all chambers. First, we removed noisy hits
by cutting on the time corresponding to the pulse-width. This is possible because the TDC
registers both, the leading edge and the trailing edge of the electronic pulse corresponding
to the signal produced in the wire. Good muon tracks leave pulses where the difference in
time At between the trailing and the leading edge is well above 100 ns (see Fig 6), whereas
noise pulses have very often small Ai values.
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Data sample
(Run#)

1

2

3

4

5

6

8

Gas mixture
(% of methane)

8.5

8.5

8.5

8.5

8.0

8.0

8.0

9.0

I-beam Voltage
(Volts)

2150

2100

2150

2050

2150

2150

2100

2150

Discriminator
Threshold ( m Volts)

38

38

80

38

38

80

38

38

Table 1. Summary of data taking run conditions.
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Figure 6. Time difference (Ai) between the trailing and the leading edges of the
electronic pulses associated with hits of good muon tracks. Noisy hits (not shown) have
a Af value which is, in most cases, well below the 100 ns cut.
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Then, we required that there is one, and only one, good hit in each of all chamber
planes. The case of two good hits in a plane is also accepted when both hits are in the same
cell or in adjacent cells (the latter possibility just takes into account that if the union track
has a 9 angle with respect to the Y axis, in the YZ plane projection, different from 0, it may
traverse two cells of the same chamber plane as sketched in Fig 7).

Figure 7. Schematic view of a track with two signals in the same plane (wire numbers
1 and 3).

4) TRACK FITTING METHOD

Apart from multiple scattering effects, muon tracks should follow straight lines. We
found convenient to fit separately two track segments, one using the two upper chambers
in Fig 4 (4 planes), and another one using the two lower chambers. Each of the segments
can have 4 associated signals, one per plane. All the possible combinations of 4 signals are
made, and the one providing the best \ is selected. These combinations include the fact
that every hit can in principle correspond to two different coordinates, one at the left side
of the wire and another one at the right side (left-right ambiguity).

For those events where 1 top segment and 1 bottom segment, with good \2 ' s are
obtained, a match between both segments is tried. Good matching is achieved when the
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difference of slopes ( Aslope) and the difference of intercept values (AZQ) of the two segments
are small.

A particularly simple and interesting situation, which can be used to verify chamber
alignment, is the case of incoming muons with 9 close to 0 (perpendicular muons). Events
of this kind have been selected by just requiring that the global slope (average value of the
slopes corresponding to the top and bottom segments) fulfills:

Global slope |< 0.05

The Aslope distribution and the AZo distribution, for a sample of perpendicular muons,
are presented in Fig 8 (black dots with error bars). It corresponds to part of P8.5 data,
but similar distributions are obtained with other samples. The average values of the two
distributions should be zero in the case of perfect chamber alignment. The actual values
obtained from the data, < Aslope >= 0.3 x 10~3 and < AZQ > = 0.16 mm, provide a
confirmation that alignment errors are not bigger than those indicated in section 2.
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Figure 8. a) ASlope and b) AZ° (in nun) distribution of perpendicular muons. Black
dots are data. The superimposed histogram is made with Montecarlo cosmic muon
events, after simulation of energy loss and multiple scattering effects.

The distributions in Fig 8 contain additional information: their widths are a con-
sequence of both, the chamber measurement error and the multiple scattering. Multiple
scattering effects are most important for low momentum particles (p < lOOMeV). It is well
known that the cosmic ray momentum spectrum is in fact dominated by low momentum
muons (it falls with muon energy roughly as E~").
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We have tried to understand the importance of these effects by generating Montecarlo
cosmic muon events. Each muon is tracked through the chambers. The deviation due to
multiple scattering when traversing every aluminium plate is simulated. The measurement
error in each chamber plane is also taken into account by adding, to the corresponding
track coordinate, a random number generated according to a gaussian distribution with
a = 0.5 7n7n. Then, a track fitting method, similar to the one used for real events, is
applied. The Aslope distribution and the AZQ distribution obtained is also shown in Fig 8
(dashed line histogram) superimposed to the real data points. From Fig 8, one can conclude
already that such a simple Montecarlo simulation scheme describes reasonably well the data.
This gives us enough confidence to further proceed in the data analysis.

In order to minimize multiple scattering effects, for the rest of the studies reported in
this paper, we have applied the following additional cuts:

| Aslope |< 0.03

| ZQ | < 2.0 777.777.

By doing that we strongly reduce the low momentum component of the cosmic ray spectrum
in our data.

5) STUDY OF THE GAS MIXTURE EFFECT

For each data sample, we have followed a procedure which involved several iterations.
Starting with a simple cell map parametrization, i.e. a constant drift velocity, tracks were
fitted as explained in the previous section. The measured time in each chamber plane, and
the distance to the wire as obtained from the fitted track information, could then be used to
get a more precise cell map parametrization. Track fitting was started again with the new
cell map, and the process repeated until the residuals did not change significantly. Usually
the process needs only a few iterations to reach convergence.

This study was made considering different global slope data subsamples in order to get
the dependence with the cosmic muon angle of incidence, 9. As described with more detail
in section 8, the non-linearity between drift time and wire distance becomes dramatic for
high 9 values.

The results obtained show that the drift velocity increases when going from 8% to 9%
of methane content as much as 5% (from 28.5 to 30.2 ¡.i/ns for 9 = 0). This can be seen in
Fig 9, where the effective average drift velocity is plotted as a function of 6 for the three gas
mixtures analysed. It is also apparent that average drift velocity increases with 9, in good
agreement with previous calculations [7]. The 9 dependence is very similar in the three gas
mixtures.
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Figure 9. Average drift velocities as a function of 9, the muon incidence angle, for the
three different gas mixtures P8, P8.5, and P9.

These results clearly indicate the need of monitoring the gas mixture composition. If
one would use for the reconstruction of the P8 data a program with the cell-map parametriza-
tion corresponding to P8.5, the resolution would deteriorate by more than a factor 2, as can
be seen in the distribution of residuals shown in Fig 10. The hint of a double peak structure
in the distribution of Fig 10a is what could be expected from the use of a wrong drift veloc-
ity. Just for comparison, we show in Fig 10b the distribution of residuals obtained when the
correct cell-map parametrization is used (all 9 angles). The single wire resolution for all gas
mixtures is in the range 0.5 to 0.6 mm.

During data taking with the L3 detector, supervision of the gas mixture is permanent.
An automatic control system ensures that it is never outside the range 8.5 ± 0.05% in
methane content. This range is quite safe, since it would correspond to a maximum drift
velocity change of about 0.5 %, which is acceptable from the point of view of the required
resolution.
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Figure 10. Distribution of fitted track segment, residuals (in mm), a) for the P8
data sample when using the parametrization obtained from the analysis of the P8.5
data. The indication of a two-peak structure is basically a consequence of using a
wrong drift velocity, b) for the same data sample (all 0 angles), when using the proper
parametrization. The resolution, 0.56 nun, is at least a factor 2 better in this case than
in the previous one.

6) DISCRIMINATOR THRESHOLDS AND SENSE WIRE VOLTAGES

Our results show that going from 38 m Volts discriminator threshold to 80 mVolts does
not have any significant, influence on the resolution. This conclusion applies to both, P8 and
P8.5, gas mixture data samples. As a matter of fact, the same cell-map parametrization
can be used for both data samples. The only effect we have been able to detect is the neat
decrease on the number of noisy hits when increasing the threshold value. Depending on the
gas mixture the decrease factor can get a value in the range 2 to 3. It does not have any
effect on the good hit efficiency though.

Efficiency studies have been performed, in all runs, by comparing the normal data
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sample with another sample especially selected with the condition of having events with
good hits in only 7 chamber planes. Care has been taken to make sure that the missing
signal has no obvious explanation like simple geometrical acceptance. In all cases, we have
found that the single wire efficiency is bigger than 99 %.

Very similar results are obtained from the study of runs with different high voltage in
the sense wires. There is no indication of significant resolution effects. The same applies
to chamber efficiency. However, there is also clear a decrease in the number of noisy hits
when the wire voltages decrease. The phenomenon of gas gain, i.e. the amplification factor
produced in the very near distance to the anode providing the output signal pulseheight, is
of course extremely sensitive to the values of wire voltages. A study made to understand the
gas gain in our chambers is briefly described in the next section.

The conclusion from this section, as far as the L3 muon detector performances are
concerned, is rather positive: in case of need, voltages can be lowered and/or thresholds can
be raised, within a certain range of course, without major implications on the Z chamber
resolution, and without affecting track reconstruction efficiency.

7) DETERMINATION OF THE GAS GAIN

The gas gain was determined [8], for different gas mixtures, as a function of sense wire
voltages, using an iron 55 source. Around 0.1 microcuries of iron 55 were deposited on a
teflon strip 5 mm wide, 50 mm long and 1 mm thick, placed in the middle of a chamber
cell, parallel to the wire. The integrated iron 55 spectrum was measured by letting the
discriminator threshold level vary from 7.15 to 94.8 mVolts, in steps of 1.18 mVolts. In each
step, the number of pulses coining from the iron 55 cell was counted during 10 seconds, as
well as the pulses coming from the two nearby coplanar cells. These two background counts
are averaged and substracted from the iron 55 cell count. Sense wire voltages ranged from
2000 to 2175 Volts, in steps of 25 Volts.

As shown in Fig 11, the relative gain versus the sense wire voltages, is well described, for
all gas mixtures, by an exponential e * olts)/c^ w u e r e c j^g a value oí c — 130 ± 10 Volts.
The relative gain among P8 and P9 gas mixtures, with the same wire high voltage, is of the
order of 1.3 to 1.4 in the region of low high voltages, becomes 1.5 at 2100 Volts, and gets
even higher at higher voltages.

Assuming that 227 primary pairs are produced by the iron 55 X- rays, an absolute gain
determination can be made. Expressed in terms of mVolts at the discriminator level, we
found that the absolute gain per primary electron, at 2050 Volts and for the P9 gas mixture,
is 3 ± Ü.4 riiVolts.
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Figure 11. Relative gain versus the sense wire high voltages (in KVolts) in the case of
two different gas mixtures, P8 and P9 (8% and 9% of methane respectively). Solid lines
represent the exponential function e

V(Volts)lc with c = 130 ± 10 Volts.

8) THE EFFECT OF THE MUON INCIDENCE ANGLE

The relation between time and distance is not far from linear when the muon direction
is perpendicular to the chamber. As the angle of incidence changes, the linearity gets much
worse. The effect can be seen in Fig 12, where a double plot, Z versus T, is shown in the
case of four different 9 angles. At 45 degrees the effect is clearly very important, and if
not properly parametrised the resolution would deteriorate substantially (order of several
millimeters).

In our cell map paratnetrization we use Legendre polonomials instead of normal ones.
By doing this, we avoid the problem of having strong correlation effects between the coeffi-
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cient parameters.

From the plots at Fig 12, two regions can be identified. The first one, in the range
T < 350 fisec, has been parametrised with polinomials up to second order, whereas for
the second one, the rest of the time range, up to third order polinomials were used. Seven
parameters are then needed to describe the cell map parametrization at each 9 value.
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Figure 12. Z vs T for different muon angles of incidence from P8.5 data, a) 9 = 0
degrees, b) 9 = 15 degrees, c) # = 30 degrees, d) 9 — 45 degrees.
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After obtaining the seven parameters in different 9 regions, their variation with 9
was fitted. This variation can be described in a simple way by a second order polinomial
(it means that the global cell map parametrization needs 21 parameters, three times the
number previously mentioned corresponding to a given 0 value).

9) CONCLUSIONS

A set of Z chambers of the L3 muon detector has been callibrated using cosmic ray
muons. The experimental set up we used at CIEMAT has been proven to be good to measure
resolution effects at the 0.5 mm level. Good agreement was found between data and a simple
Montecarlo simulation of cosmic muons.

The influence on the resolution and on the track reconstruction efficiency of varia-
tions on the gas mixture, discriminator threshold, and sense wire high voltages has been
studied and is reported in this paper. A determination of the gas gain of the chambers
is also reported, and a description of the importantance of angular effects in the cell map
parametrization is made.
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