4.2.5	Wire fixation bars


As was mentioned in the previous section, four of the seven panels have gap bars. The other three panels carry anode wires. On both faces of the panels along their long sides, a set of wire fixation bars are glued. These bars have a thickness of half a gas gap (4.76 mm) and a length corresponding to a single HV segment (typically around 60 cm). They are made according to standard printed circuit board technology out of one-sided copper-clad FR4.


A pattern of finger-tip pads is etched on the bars, and these pads will be used for soldering wires. They are interconnected in groups (anode wire groups), and each group has a special pad made for soldering a blocking capacitance (on the side of the chamber where the signals come out)  or a HV resistor (on the other side where HV is distributed to the wires).  The artwork is gold-plated to ensure high quality soldering. A drawing of a typical wire fixation bar is shown in fig. 4.2.11.


Wire fixation bars are glued to the panels with epoxy under the pressure provided by a special clamping tool (fig.4.2.12). The pressure is needed to insure a strong and reliable bond as well as an uniform height of the bars over the panel surface. Their position on a panel is defined by small FR4 pins going through the pre-drilled holes.
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Fig. 4.2.11:  A drawing of a typical wire fixation bar.


�
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Fig. 4.2.12:  Clamping setup to provide a pressure during gluing wire fixation bars: (a) design and (b) the actual setup.


4.2.6	Wires


The total number of wires in the chambers under consideration sums up to about 2.5 million. This fact alone made us to conduct an extensive R&D effort to address the two major issues: an efficient and reliable scheme of  winding and attaching wires,  and, once the wires are in place, the operational  reliability of the chamber.


We chose to use 50 mm gold-plated tungsten wires produced by Sylvania [4.11]. Tungsten wire of 50 mm diameter or thicker is known to be very reliable in long term operation (i.e., it does not break) when properly  attached. (See the discussion in the next subsection). 


Our tests show that the elastic limit of these wires is around 350 g and that breaking occurs at around 450 g.  At the baseline wire spacing (3.12 mm) and nominal operational HV (4.1 kV), the wires of maximum length (1.3 m) will become electrostatically unstable if their tension is below 150 g.  The chosen baseline wire tension and its spread of 250 ( 25 g precludes these problems.  It is worth mentioning that no intermediate wire supports are needed.


We have tested a good number of wires in sparking conditions to see how many discharges they can withstand before breaking. Tests revealed that when the value of the blocking capacitor was larger than 1 nF, it had a strong impact on wire breakage.  On the other hand, if its value is less than 1 nF (but still larger than 0.1 nF), the breakage rate is fairly stable: it takes  from a few hundred thousand to a million sparks to break a wire at HV=4.5 kV fed to the wire via a 5 M( resistor.  (The higher the wire tension, the smaller the number of sparks required for breakage.) 


The exact electrical layout for the wire planes will be discussed in subsection 4.2.9. The wire connections in the tests briefly described here were exactly the same, i.e. the HV was fed to the wire via 1 M( and 5 M( resistors with a 1 nF filtering capacitor, and on the other end the wire was connected via a blocking capacitor to a 25 ( resistor going to the ground (this resistor was a mockup of an anode amplifier input impedance). Details on this study are reported elsewhere [4.12]. 


4.2.7	Winding, gluing and soldering wires


A special winding machine has been designed to wind wires directly on panels (Fig.4.2.13).  In this process, precision threaded rods, or combs, are first fastened to the panels along their long edges.  The combs have longitudinal  slots which fit over the edges of the panels. Then, the panel is set to rotate about its symmetry axis on special spindles fixed at its top and bottom while wire is fed synchronously through a  standard wire tensioner.  This machine is capable of winding two thousand wires (one thousand per panel face) in less than four hours.


Wire tension uniformity was measured to be within (5% and wire spacing variations never exceeded (100 (m. Both numbers are well within our formal specifications: (10% and ( 200 (m.  (The wire tension specification is important to ensure wire electrostatic  stability, while the wire spacing specification is needed to guarantee the gas gain uniformity).


After the winding operation, a continuous bead of epoxy is applied to the wire fixation bars, and one day is allowed to let the glue set.  Many years of experience with multiwire chambers show that wire gold-plating tends to defuse into solder, and the tungsten core of a wire occasionally snaps out from a solder joint.  Having wires glued in addition to soldering has proved to be a very efficient measure to prevent this from happening.


At the next step the panel, still fixed on the same cart used for winding (Fig.4.2.14),  is moved to a soldering station which we have developed, based on the automated Panasonic soldering head [4.13] - see Fig.4.2.15.  A focused high-intensity light and solder feeding mechanism are synchronized and move along the chamber edge, making one soldering joint every 3.5 seconds. (It takes about one hour to solder 1000 wires on one side of a panel.)  In addition to speed, one obtains a much better control of soldering quality.


After all wires have been soldered, they are cut right next to the solder point (sharp wire ends are varnished to prevent discharges), and the combs are removed.  The last step is to hand solder blocking capacitors (which will connect wire groups to the traces on the panel leading to the anode connectors) and, on the other side, to fix small PC boards carrying HV resistors and filtering capacitors.
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Fig. 4.2.13:  The winding machine used for building large CSC prototypes.
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Fig. 4.2.14:  A panel stays on the same cart from the beginning of winding until the end of soldering. The cart allows the operator to move the panel from one machine to another and to rotate it about its long axis.
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Fig. 4.2.15:  The automated soldering machine (top) and close-up view of the soldering head (bottom).


4.2.8	Segmentation within a plane


Segmentation of chamber planes into a few HV-independent sections is driven by the large chamber size.  The obvious risk is that a single bad wire (e.g., drawing too large a dark current) out of 1000 wires in a plane may require shutting off the entire plane if no provision is made for disconnecting a part of the plane. A more subtle problem arises from the fact that we intend to read out both strips and wires from the same plane. Thus, if one wire in the plane is noisy, most likely it will have very little effect on the readout of the rest of the wires, but it may be very damaging for the strip readout since every wire runs across all strips  in the plane.


Assuming 20 noisy wires per every 100,000 (a number quoted by the NA4 experiment with a 113,000-wire MWPC system [4.14]),  and also that a single noisy wire destroys the strip readout in the plane,  simple combinatoric calculations show that 8% of an area covered by 6-plane chambers will be dead. This calculation assumes 1000 wires per plane without any segmentation, and that a chamber is defined to be dead if three or more planes are not operational (such chamber will not provide a local charged track trigger which requires at least four hits). If one breaks up a plane into five independent sectors, so that a sector containing a noisy wire can be disconnected without affecting the other four, the dead area immediately reduces to 0.1%. This simple exercise shows the importance of HV segmentation.


However, electrostatic calculations show that one cannot just disconnect  a group of wires from the high voltage: this would result in a substantial increase of the electric field on the wires adjacent to the disconnected ones, thus putting them in the danger of sparking.  After analysis of different solutions, we have adopted a scheme which  appears to be the simplest and has proved to be very effective in the tests of both small and full scale prototypes: on the boundary between plane segments two wires are removed and an insulating (FR4) strip of 16 mm width and 3.2 mm thickness is glued under the wires on one of the two cathodes (see Figures 4.2.1 and 4.2.2). Of course, the guard strip is glued before winding begins. When HV is on, this insulating guard strip charges up positively and substantially reduces the electric field on the edge wires.  The dead zone induced by its presence is less than 25 mm wide. Very similar guard strips run under the first two and last two wires in the plane and solve the same problem of the increased field on the edge wires. Independent HV segments are of the order of 60 cm wide in all chambers.


As was mentioned above, to ensure constant gas gain one needs to keep cathode-to-cathode spacing fairly constant ((250 (m). To insure this specification we introduce a few intermediate spacers. Their purpose is twofold: first, they maintain panel flatness (the span between support points becomes a factor of two smaller: 60 cm instead of 120 cm), and, also, they prevent bulging of panels due to gas overpressure inside the chambers during gas flushing. Having removed a couple of wires  between HV segments, we open plenty of space (about 9.5 mm) where these  spacers or buttons can be placed (fig.4.2.16).  Panels will be pre-drilled in these spots and after winding and attaching  the wires, the buttons are inserted and glued.  Then, after completion of chamber assembly, the entire stack of panels is tightened down at the locations of the buttons with through-going tie-rods. As a result, the panel flatness requirement becomes substantially looser, and, as calculations show, bulging reduces from 0.1 mm to 0.01 mm at the nominal 1 cm of H2O overpressure [4.15].
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Fig. 4.2.16:  From one to four special spacers, or buttons, will be placed in every chamber gap and panels will be tightened down in these points. These considerably relax requirements on panel flatness and prevent excessive bulging due to gas overpressure. 


4.2.9	Electrical layout


A schematic drawing showing how HV is brought to the chamber wires and how signals from wires and strips are taken out is given in Fig.4.2.17 (for chambers ME234/2). Each chamber plane has a plane of wires between two cathode planes, one of which has the strip pattern milled into it.  The smooth cathode plane free of strips is a clean ground for both anode and cathode  electronics readout.  The two outermost copper-clad panel surfaces, together  with the aluminum side frame, form an external ground and constitute RF-shielding for the entire chamber.


HV is brought to the chamber via a shielded multi-lead HV cable. This cable is a few meters long and comes from one of the HV distribution boxes sitting on the outer rim of the iron disks.  At the point where the HV cable is connected to the chamber there is a primary RC-filter which blocks the main part of possible pickup in the cable.  Its shield is connected to the chamber ground via 1 k( resistor.  From the main connector, the HV is distributed to the corresponding segments via seven-lead HV cables of the same type (one out of seven is spare) which have banana-plugs at their ends.  These allow for manual disconnection of any of the segments should the need arise.  The plugs are soldered to the panels where HV traces come out from under the gap bars. RC-filters, formed by a combination of 1 M( and 5 M( resistors and 1 nF capacitors,  which are placed inside the chamber de-couple signals from different wire groups (they also provide additional filtering of the HV).


On the other side of the chamber, wire group pads are interconnected with traces going to the edge of the panel via 1 nF blocking capacitance (the largest wire group capacitance is 135 pF). The traces come to the edge in groups of 4. Special protection boards are mounted on the panel edges, and  each board takes 8 signals from one side of a panel and 8 signals from the other side and brings them to a 34 pin connector where the 16-channel input cable for the anode electronics plugs in. These boards have 10 ( resistors and diodes which are intended to protect electronics should a spark occur in the chamber. Also, they provide a small leakage current so that blocking capacitors do not charge up if the anode electronics is disconnected. Cathode strips in groups of 16 are brought directly to 34-pin connectors  mounted on the panel edge.


All panels are interconnected by means of copper braid jumpers soldered directly to them on each side of the anode and cathode 16-channel connectors. Thus, all grounds have one L-shaped continuous line of interconnection and no ground loops are formed. Preamplifier input twisted-pair flat cables are shielded, and the shield is also soldered to the ground. Our experience with the large prototypes showed that this grounding scheme provides a very good and consistent result.


�


Fig. 4.2.17:  Electrical layout of signal grounding and HV connection.


4.2.10 Assembly and external frame


After the seven panels have been stacked and sandwiched between 3.2 mm thick aluminium extrusions going along the perimeter under the bottom and above the top panels, the assembly bolts are tightened.  The extrusions distribute the compressive force of the bolts over a larger area and allow a greater torque to be applied.  Then, when the 3.2 mm side plates are fixed to the extrusions, the overall package gains a good deal of stiffness, and the entire chamber can be treated as a single block and can be easily handled.  A drawing showing the chamber embedded in the frame is shown in fig.4.2.18. We measured that the chamber sags by less than 1 mm over the full 3.4 m length under its own weight when it is simply supported at the opposite ends [4.16]. In addition to distributing the compressive force of the bolts and providing essential rigidity, the frame interconnects the copper faces of the top and bottom panels and encloses the rest of the chamber in the Faraday cage. It should be mentioned that there are two important procedures which precede the attachment of the side plates. First, RTV is applied along the perimeter of all six gaps and gas tightness is checked. Second, relative plane alignment is surveyed: each plane of strips has a few milled alignment marks extending outside of the gap bars so that they are visible from outside.
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Fig. 4.2.18:  Assembled large scale P1-prototype (3.4(1.2 m2 in size).


A photograph of the assembled chamber is shown in fig. 4.2.19. The photograph shows the US P1 prototype being tested in the cosmic rays. One can see the frame going around the chamber perimeter, cathode electronics on the top of the chamber on its wide (closest) side, and anode electronics, covering the middle third of the chamber in this photograph and placed on the top of the chamber along its left side. Two rectangular fixtures near the corners (the wide side of the trapezoid) are the two out of three kinematic mounts to hold the chamber on the vertical walls on the iron disks of the return yoke. Swivel rings on the chamber corners are intended for handling the chamber with a crane. More details of the chamber mounts, its frame, and handling fixtures as well as installation procedures can be found in subsection 4.6.  
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Fig. 4.2.19:  The large scale US P1-prototype, 3.4(1.2 m2 in size, is under the tests at the cosmic ray stand  (details on the different prototypes and the results obtained with them can be found is Section 4.8).
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