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1. Introduction

The Muon Filter is the external part of the hadron calorimeter of the L3 experiment
for LEP(. Its function is to catch the tail of the hadronic showers developing in the
internal part of the calorimeters; it contributes to the absorbing power for hadrons and
helps in the identification of muons, whose momentum will be measured in large drift
chambers external to the calorimeters.

The muon chambers and calorimeters operate in a magnetic field of 0.5 Tesla pro-
duced by a large solenoid; the calorimeters are suspended inside a 32 m long steel ”sup-
porting tube” coaxial to the solenoid , and the muon chambers are attached on the outside
(Fig. 1).

In the interaction region the supporting tube is reinforced by an internal 'octagonal
tube’, as shown in Fig. 2. The electromagnetic calorimeter and the internal part of the
hadron calorimeter are inside the octagonal tube while the Muon Filter is located in the
8 volumes between the two tubes. The Muon Filter is split into 8 independent 5 m long
parts (Muon Filter octants), whose cross section must fit the available space; on top of a
rectangular cross section part, made of 6 brass absorber plates interleaved with position
sensitive detectors, there are 5 additional brass plates of different widths which match the
tube circular shape.

The detectors are gas tube chambers, made out of a brass comb-like profile in order
to maximize the amount of material. The presence of 5 layers of chambers in each octant
ensures a full detection efficiency for going through particles, while still retaining a good
absorbing power for hadrons. In fact the total thickness of each octant amounts to one
interaction lenght, 85% of which is due to the brass absorber plates and the rest to the
chamber profiles.

A total of 624 tube chambers (amounting to 4992 wires) have been assembled inside

the 8 muon filter octants; in the following we will describe in detail construction and testing
procedures of the chambers.

2. The tube chambers

The detection elements are 4 m long gas tube chambers with wires parallel to the
beam direction. The address of the hit wire gives the azimuthal coordinate while foreseen
charge partition will give the position along the beam direction.

Since the chambers will not be accessible for the whole period of operation (> 5
years) of the L3 experiment, the first requirement is their reliability. This implies the use
of well proven long stability materials and sets strict tolerances on cell dimensions and wire
diameter. The final design and the choice of materials are the result of a series of studies
and tests on prototypes, both with cosmic rays and the L3 test beam at the CERN-SPS.
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Here we report on the major steps followed during the evolution of our detector to
its actual status. First we reduced the cell height of the standard PVC tubes developed at
LNF® from 9 to 5 mm, we measured their response as a function of the particle incidence
angle (®) and we investigated their behaviour when sandwiched between two uranium
plates(*); then we studied their performance in a prototype calorimeter with copper and
copper+uranium as absorber(5). Furthermore a systematic study of their behaviour in
streamer regime as a function of their cross section was performed(®).

In order to maximize the quantity of material on particle trajectories, we developed
chambers made of a brass '’comb-like’ profile. Very small cross section brass tubes (4.5x3.5
mm? cells separated by 0.5 mm thick walls) were obtained from a special composition brass
plate by a carefully optimized milling procedure. A prototype calorimeter was constructed
and tested on the L3 test beam at the CERN-SPS("),

The milling procedure however turned out to be too expensive and time consuming
for the large number of chambers needed. A commercial firm , after one year of attempts,
succeeded in developing a method to produce brass profiles by extrusion, which could
meet the required standards in straightness, absence of twists on the whole length, surface
quality of the cell walls, and tolerances in the cross section. A few profiles of different
cell dimensions were produced and compared. A set of 20 chambers, 1 m long and with
8.4x5.0 mm? cells, was produced and tested with cosmic rays and on beam(®,

In the final design the chamber profile is 4.2 m long and it is subdivided into 8 cells,
8.4 mm wide, 5.0 mm high, separated by 1.5 mm thick walls. The remaining bottom layer,
4 mm thick, allows an easy handling of the profile. A brass lid, electrically connected with
the chamber body, constitutes the fourth side of the tube structure. The total thickness of
the chamber, including a PVC envelope for gas tightness, amounts to 12 mm, and can be
easily assembled in the nominal 15 mm spacing between the brass absorber plates. Each
chamber weighs approximately 20 Kg.

In order to implement charge partition we chose a 50 micron wire made of a Nichel-
Chromium amagnetic alloy with a resistivity of 470 /m. Positive high voltage is applied
to the wires and the chamber body is grounded; this simplifies chamber construction and
enhances their reliability, but it requires the use of decoupling capacitors to readout the
wires. The chambers are operated in an Ar/CO, 80/20 gas mixture at a high voltage of
about 1700 V. A few full length chambers were produced and tested before starting mass
production. ‘

The final design is shown in Fig. 3 and consists of:

1 brass profile

1 brass lid

2 printed end boards with high voltage and signal edge connectors
ABS plastic wire holders (one every 20 cm along each wire)

2 PVC end board covers -

2 PVC end pieces :

4 brass threaded nuts embedded in the end pieces

2 PVC sealing rings

4 PVC spacers

- 8 brass screws
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- 1 PVC envelope of rectangular cross section
- Nichel-Chromium amagnetic wire

All these materials, standard in the construction of detectors for HEP, have been
used for a long time in many different experimental situations.
Special care was taken to avoid the use of glues for the following items:

(i) end boards are blocked in a mortise and screwed to the brass profile; some conductive
araldite is added, but only to ensure a better electric grounding;
(i1) wires, soldered at each end on the end boards, are held in position along the cell by
clipping on specially shaped holders;
(i1i) board covers are clipped to the board itself and to the end pieces;
(iv) brass lids are screwed to the brass profiles and the same screws fix the end pieces
and the spacers.

The end pieces are glued to the external envelope with a PVC melting glue (Tangit
) in order to form a gas tight enclosure around the chamber. The slits on the end pieces for
the H.V. and signal edge connectors are filled with silicon glue: this is a critical point in
our design, consciously chosen for the impossibility to provide suitable O-rings. However
all pieces are tightly coupled to prevent any movement and stress on the connections.

Gas inlet and outlets are situated on both ends of the chamber and are screwed in
appropriate brass threaded nuts embedded in the PVC end pieces during their moulding.

We finally underline that the design of the chambers is perfectly symmetric at the
two ends. This was very useful in the assembly phase; in fact the chambers could be
installed disregarding their direction and connections (gas, H.V., signals, ground).

3. Design details

We will describe in detail the pieces used for the assembly of the chambers.

- Profiles and lids. Their cross section is shown in Fig. 4. All corners are rounded
(radius = 0.3 mm) to avoid electrical discharge points inside the cells and damage to
the external PVC envelope. After extrusion the profiles undergo a.cold rolling for final
shaping and straightness, correcting the mechanical internal tensions of the material. It
must be noted that in the extrusion of open, asymmetric shape profiles these tensions are
difficult to eliminate and cause deformation, unacceptable in our case. The lid thickness
( 1 mm) is chosen so that they can be obtained by cold cutting and shaping. Each end
of the extruded profiles is machined ( tube wall cutting, mortise and screw holes) in
order to provide lodgement for the end boards and threaded holes to fix the end pieces
and the lid to the profile. ' ‘

- End boards. On each board ( Fig. 5) there are :
(i) 8 pads where the anode wires are soldered;
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(ii) a set of 8 thin film resistors ( 10MQ2) printed on a ceramic board soldered on the
main printed board, through which high voltage is applied to the wires;

(iii) 8 high voltage decoupling capacitors (800 pF) of small size (5x5x3 mm?), in order to
fit in the narrow gap of the chamber; they are varnished to ensure electrical insulation.
Each board has been tested at 4.0 KV, with the signal lines grounded; the rejection
rate was quite high ( about 20%), because of defects in the varnishing procedure of the
capacitors;

(iv) one edge connector for high voltage and one for signal connections. The bottom
face of the end board, except for the high voltage edge connector, is metallized for a
better contact with the brass profile.

- PVC end pieces. They are geometrically complicated because they must perform dif-
ferent tasks: allow the exit of H.V. and signal edge connectors through suitable slits,
provide gas inlet and outlet and ensure gas tightness by means of a PVC ring inserted
between the end piece and the PVC envelope. :

- Wire holders. They are composed of two pieces (Fig. 6): the bottom one centers the
wire in the cell and the upper one is a ring which clips on top in order to fix the wire.
The quality of the material and of the moulding ensures the necessary precision on the
wire positioning. The pieces are moulded in octets for easy mounting. The small bar
linking an octect can be easily removed after their installation by gentle 'cracking’.

- PVC envelopes. Obtained by extrusion, they have a thickness of 0.6 mm. Their di-
mensions, slightly larger than the ones of the brass profile, allow the chambers to slide
inside.

- Wire. The geometrical and mechanical characteristics of this wire are very good. Nor-
mally it is fixed by crimping. Since this was impossible in our geometrical arrangement,
we chose to solder it on a long pad (about 1 cm). During the R&D phase we noticed

that some of the wires slipped from the soldering pads, so we added some araldite glue
on the wire ends to help keeping it fixed.

4.- Construction equipments

Since the total number of chambers needed for the experiment is not huge (about 700
including spares), we chose to build them by hand.

Chambers were assembled on a 4 m long table, 8.5 cm wide, where the profile was placed
and held in a correct position. The supporting plane of the table was the upper external
face of a metallic tube, so that the inner part of the tube was used to support equipment
by just inserting it at the ends. At the wire mounting stage we inserted at each end of the
tube a roller system to hold, glide, tension and lower the wire in the correct position.

In order to insert the chambers inside the PVC envelopes we used an additional 2.5 m
long table to support the envelopes.




Each table was equipped with two soldering irons, two air-dryers, and an automatic glue
dispenser.

5.- Construction procedure

We chose a sequential assembling procedure, producing a single chamber at a time,
through a sequential series of operations; this required about 3 and a half hours of a skilled
technician work, and the presence of two persons during some of the operations. We set
up three production lines, taking about six months for the production of 700 chambers.

Brass profiles and brass covers were delivered from the factory inside containers, with
all the necessary mechanical work (holes, mortise, beveling) already done.

At the beginning of the assembly work, the brass profile was set on the table, carefully
eye inspected and cleaned with petroleum ether. A few profiles ( approximately 2%) had
to be rejected at this stage for defects on the cell surface or insufficient straightness and
planarity.

The end boards, previously inserted in the PVC end pieces with the slits and edge
connectors sealed with silicon glue to form a unique block, were screwed at both ends of
the profile. A small quantity of conductive silver epoxy glue was added to improve the
contact between the board ground and the profile; an air-dryer was used to speed up the
drying of the glue.

At this point the wires were tensioned at 250 g and soldered one by one. The tensioning
was done by hand in order to have a better control of the operation (e.g. to ensure that
the wire stays centered on the wire holders); moreover we estimated that this would have
been less time consuming than the adjustment and maintenance of an automatic machine,
which would have had to perform quite delicate operations. After soldering, a drop cf
epoxy glue (Araldite) was placed on the soldering pads.

While the Araldite was drying the upper parts of the holders were clipped on the lower
ones.

PVC covers were clipped onto the end boards and the PVC end pieces. The brass cover,
eye inspected and cleaned with alcohol, was put in position after a final inspection and a
systematic cleaning of the chamber with a vacuum cleaner. The cover was then screwed
onto the profile. >

At this point we used the table extension and the chamber was inserted inside the PVC
envelope, which was previously checked for visible defects. A sealing ring, bathed in Tangit,
was inserted between the chamber end piece and the envelope.

The chamber was then ready for acceptance tests.
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6.- Acceptance tests

The testing procedures consisted of a series of checks concerning gas leakage, wire ten-
sion, high voltage and cosmic ray detection. First we checked the gas leakage by measuring
the differential flux between the chamber’s input and output , at a constant 10 millibar
overpressure. Chambers were accepted only if the leakage resulted less than 100 ml per
hour. In Fig. 7 the gas leakage distribution is shown.

Secondly the wire tension was measured using audio frequency induced resonances on
the wires, the frequency of the resonance being directly correlated to the wire tension. The
wire tension distribution is reported in fig. 8.

After these preliminary checks, we performed the high voltage test and chamber condi-
tioning. This test was entirely computer controlled via CAMAC interface. The current
drawn by the chamber was constantly monitored and the applied high voltage was var-
ied accordingly. During this test we used pure CO; at 3600 V, which ensures a smooth
operation in Ar/CO; 80/20, where the operating voltage is around 1700 V. Chambers
were accepted within a dark current limit of 200 nA, which was generally reached after a
conditioning period of 15 minutes. The rejection factor was approximately 5%. In Fig. 9
the obtained dark current distribution is shown.

Finally cosmic ray spectra were taken on columns of five chambers, using an electronic
chain consisting of charge preamplifiers built in Florence, coupled to LeCroy’s 2249A charge
ADC’s. The data trigger was given by the coincidence between the top chamber and the
bottom one. '

All the chambers produced very clean spectra , with an easily distinguishable peak of
the Landau distribution. For each chamber the results of all these tests were written on a
control card, of which a typical example is reproduced in fig. 10



(1) -
(2) -

(3) -
(4) -
(5) -
(6) -
(7) -
(8) -
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Figure Captions
The L3 detector
Cross section of the supporting tube.
Scheme of chamber assembling.
Profile and lid.
Printed end board.
Wire holders.
Gas leakage distribution.
Wire tension distribution.
Dark current distribution.
Test summary card.
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