STAR Note 263Studies of Several Wire and Pad Configurationsfor the STAR TPC.W. Betts (Univ. of Texas at Austin), W. Gong (Max Planck Institute, Munich), E. Hjort (Purdue)and H. Wieman (LBNL)

IntroductionThe final state of a heavy-ion collision at RHIC can have several thousand particlesemitted. To track charged particles in such a high-multiplicity event, a large-volume TimeProjection Chamber (TPC) is to be used in the STAR experiment.1 The STAR TPC has acylindrical geometry with one central membrane cathode and two-end-caps. The centralcathode and inner and outer field cages provide the drift E-field. The end-caps contain thin-gap, multiwire proportional chambers (MWPCs) with a pad plane readout surface on theoutermost cathode surface. For each segment of an ionized track, the primary signal electronsare multiplied by avalanches near the anode wires, and image charges are induced on the arrayof small pads near the anode wires. The amplitudes of these signals are digitized as a functionof time. Measurement of the drift time allows determination of the z-coordinate(perpendicular to the MWPC and parallel to the RHIC beam), while the pads provide the (x,y) coordinates (perpendicular to the beam). This three-dimensional tracking capability of aTPC allows determination of individual momenta of charged particles by tracking themthrough a solenoidal magnetic field and identifying them with multiple energy-loss (dE/dx)measurements.Design of the end-cap TPC is critical to achieve the optimum performance for STAR withrespect to spatial resolution, operational stability and dynamical range. We have undertakena series of investigations, including both measurements and calculations, to study issues such asgas-gain characteristics, pad-response functions, pad signal amplitude, shaping-time effects,wire displacement, signal timing and electrical stability. For the purposes of these tests,several small multiwire proportional chambers with cathode (pad) readouts have been built.The primary differences between chambers are in the wire geometries, such as varying wireheights and the presence of field wires interspersed among the anode wires. Additionally,tests have been performed on larger chambers that more accurately represent the STARconfiguration for some purposes. These systematic studies have helped us finalize the design ofthe STAR TPC MWPCs and pad plane layouts.

TPC Sector DesignEach TPC end-cap is divided into 12 identical super-sectors. Each super-sector consists of anouter sector and an inner sector. Figure 1 shows the final design of the pad plane in one super-sector. It shows the actual distribution of pads and geometrical dimensions. The outer sectorhas 3940 rectangular pads of 6.2mm by 19.5mm in size which are arranged in 32 rows. The innersector has 1750 rectangular pads of 2.85mm by 11.5mm arranged in 13 rows.There are three wire planes positioned above the pad plane, with every wire stretchedunder proper tension, sufficient to insure that they will not deflect from their nominal positionsoriented parallel to the pad rows. In the inner (outer, respectively) sector, the anode wireplane consists of 20mm diameter gold-plated tungsten wires with a 4mm pitch located 2mm(4mm) above the pad plane. The smaller wire spacing and pad size of the inner sectors providesbetter spatial resolution necessary for tracking resolution near the center of the detector wheretrack density is highest. The ground wire plane consists of 75mm diameter beryllium-platedcopper wires with 1mm pitch, located 4mm (8mm) above the pad plane. Finally, the gating-grid wire plane consists of 75mm diameter beryllium-plated copper wires with 1mm pitch,14mm (18mm) above the pad plane. The gating-grid plays no direct role in the signalgeneration or tracking and should not affect the TPC performance. As its name implies, it actsas a gate. When it is uniformly biased, it is open and the TPC will receive drifting electrons.To close the gate, alternating wires of the gating grid will be brought to different potentials,such that drifting electrons will terminate on the gating grid rather than reaching theavalanche region near the anode. It is worth pointing out now that we have decided not to use

Figure 1. Padplane layout for one super-sector.

field wires (grounded wires between the anode wires) in the STAR TPC for simplicity’s sake;some further justification for that decision will be included later in this paper. We have seenthat performance of the TPC is not compromised by this decision to any appreciable extentwithin our operating regime and may, in fact, be slightly enhanced.

Small Test Chamber ConstructionBuilding one of the small chambers began with creating the pad plane cathode surface.The pad planes were made with copper-plated nema-G10 using standard PC board techniques.Of the six chambers built, five have pad layouts identical to the specifications for the STARTPC inner sectors. (As shown in figures 1 and 2.) Each inner sector pad is 2.85 mm wide by 11.5mm long, with a 0.5 mm gap between adjacent pads. In these small chambers there are two rowsof eighteen pads. The rest of the pad plane surface is copper-plated and is grounded in thefinal set-up. The pad plane PC board includes plated vias and traces from each pad to thebackside where a surface mounted connector allows readouts from each pad individually. Thesixth chamber is a small replica of the STAR TPC outer sectors with three rows, with nine padseach, each pad being 6.2 mm wide by 19.5 mm long separated from its neighbors by 0.5mm.

Inner Sector Pad 11.5mm x 2.85 mm Anode Wires(20 mm diam.)Shield Wires (grounded)(75 mm diameter)

Field Wires (grounded)(Optional) (100 mm diam.)

d1d21mm

Ionizing tracke-e-e-e-e-e-e-

Fe55 X-ray (5.9 KeV)Argon Atome- w/ Kinetic energyfurther ionizes argon atoms(Approx. 220 e- created)

Al-coated quartz window (Al ~90A thick)

Ultraviolet Lasere-

-150V d0e-Figure 2. The chamber layout as seen looking parallel to the wires including the optional field wires (lightly shaded). Also shown are the various methods used to generate signals.Once the pad planes were completed, the wires were put on. The first plane of wires is theanode plane, as described above. (See figure 2.) Frames of wires with 4mm spacing were takenfrom the STAR project’s wire-winding machine, which insures proper spacing and tension. Theheight of the anode wires above the pad plane is one of the important variables thatdifferentiate these chambers. Of the pad planes with inner sector pads, one was built with1.5mm between the pad plane and anode wires (d2 in figure 2), three with 2mm (each one uniquein ways to be described below) and one with 4 mm spacing. The chamber with outer sector padshas 4mm spacing (d1 and d2) to match the STAR TPC outer sector design. Small blocks of nema-

G10, slightly shorter than the desired wire heights, were epoxied to the pad plane. Precision-ground glass rods were made of the desired diameters to set the wire heights. These glass rodswere placed outside the nema-G10 supports and then the frames with wires were lowered ontothe glass rods until the wires rested on them. The wires were lined up so that an anode wirewould be directly over the center of each pad. With the wires supported slightly above thenema by the glass rods, epoxy was poured over the wires onto the nema and encapsulated eachwire. On one of the nema supports, a narrow piece of copper (conductive) tape was laid underthe wires. Each anode wire was soldered to this tape and a cable was attached which is laterhooked up to the anode high voltage power supply and to readout-electronics to see the signalson the anodes (all ganged together through the copper tape). The wires were then cut from theframe and the ends snipped off. To alleviate the danger of discharge from these exposed ends,they were epoxied over as well as the copper tape and solder joints. With the anode wiresfirmly held in place by the epoxy, the glass rods were removed. Of the three chambers with2mm pad-anode spacing, one has additional field wires in between the anode wires as shown infigure 2. These field wires are grounded and they have a diameter of 100mm.The second plane of wires (called shield wires) is grounded and was put on in a way verysimilar to the procedures used for the anode wires. These wires have a pitch of 1mm. The usualarrangement in this type of detector is for the distance from the shield wires to the anode wiresto be the same as the distance between the anode wires and the pad plane (that is, having asymmetry of the cathode surfaces about the anode wires). Five of our chambers have such anarrangement, but the third chamber with 2mm pad-anode spacing was excepted. It has a 3mmgap from the anode wires to the shield wires. Most of the above work was done in a clean room.Once completed, each unit was showered in a high-pressure spray of warm water and detergent,rinsed with tap water and finally rinsed with de-ionized water. They were then placed in anoven for 2-3 hours at 150� F to dry.To summarize, and to introduce some shorthand, we have made six chambers, to be denotedas 1.5-1.5, 2-2, 2-2fw, 2-3, 4-4 and 4-4o. These indicate the pad-anode distance and the anode-shield distance as d2-d1, as well as indicating different configurations with identical wirespacings. The 2-2fw is the chamber with field wires and 4-4o is the chamber with the STARTPC outer sector design. Further on, additional geometries will be mentioned with the samesort of shorthand notation. These small chambers do not include a gating-grid layer, because itis expected that it would have no appreciable effect on the performance characteristics that weare studying.

Small Chamber Measurement Set-upMany of the measurements on the small chambers are similar to, or follow from, those doneby H. Huang, et al2. All measurements were done with P10 gas (90% Argon, 10% Methane).This is a common gas for these types of chambers and is one of the gases intended for use inSTAR. These small chambers are housed in aluminum boxes that can be sealed effectively withtape. To maintain a good gas quality, a small, constant flow of P10 was used. The exhaust gaswas monitored and always showed below 50ppm H2O during measurements. For tests in whichprecise gas gain was an important factor, less than 30ppm was considered sufficient. With apermanent epoxy seal, it was possible to get below 10ppm with a relatively low flow rate. It isassumed that the pressure was slightly higher than atmospheric pressure and that thetemperature was equal to the room temperature. Temperature and pressure variations do affectgas gain.3 We did not monitor these explicitly, but we are able to estimate their effect based ontypical lab environment changes and the effect is very small.In the small chambers, signals on the anode wires can be read-out with the circuit andelectronics shown in figure 3, which also allow the input of high voltage to the anodes and provide some protection against discharge. Note that all the anode wires are connectedtogether, unlike the STAR TPC, in which individual wires can be read out. However, theanode wires in the STAR TPC will not be used for particle tracking because of the highmultiplicity of STAR events and the wire lengths, but they are still useful as a measure of thetotal energy loss rate of charged particles and may be useful in the triggering scheme.Individual anode signals are also used for verifying the performance of STAR sectors when theyare built. In all measurements, the shield wires and unused pads are directly grounded to avoidcharge build-up that would affect the field. Positive voltage is supplied to the anode wires,and the current drawn may be monitored.HV Supply

Digital Voltmeter

Digital Nano-Ammeter

pre-amp

Charge-sensitive

Anode Wires

Oscillo-scope or MCAShapingampmonitor out10MW100MW1nFFigure 3. Anode voltage supply and anode signal readout set-up.We have three different methods of inducing signals, all based on some form of ionizingradiation, illustrated in a simplified way in figure 2. The leftmost one is the actual type ofsignal generation during STAR’s data collection. Charged particles traversing the drift gasregion may leave behind a track of electrons. The drift field created by the field cage andcentral membrane will drift these electrons toward the sectors on the end-caps where datacollection occurs. To measure gas gain and the effect of changes in read-out electronics, wetypically used an Fe-55 x-ray source. These soft x-rays have an energy of 5.9keV and theytypically liberate one electron with kinetic energy from an Argon atom. This low energy b-raythen produces approximately 225 electrons through further ionization in the P10. The thirdmethod of signal creation uses a 337nm nitrogen laser focused on a thin aluminum-coated(~90Angstroms) window. The window is approximately 1cm from the ground plane and has abias of -150V to push the liberated electrons toward the wire planes. The use of the laserallows a very small signal source size and precise positioning used for measurements of padresponse functions and pad-anode coupling. More detail will be given below in the sectionsdescribing the individual measurements.

Gas Gain and Field StrengthThe first measurements done were to determine the gain as a function of the anode voltage.The relationship between gain and voltage depends on the geometry used, so each of ourchambers is measured separately. We first calibrate the readout electronics by injecting aknown amount of charge at the preamplifier input through a precision capacitor. With thiscalibration, we are able to determine the number of electrons arriving at the anode wire after anavalanche. As mentioned earlier, we also know that an Fe-55 x-ray will produceapproximately 225 electrons before the avalanche. The gas gain is then the number ofavalanche electrons divided by 225. An Fe-55 source emitting 5.9keV x-rays is placed over thechamber. Putting the amplified signals from the anode wires into an MCA produces thespectrum shown in figure 4. It shows the primary peak, as well as the escape peakcharacteristic of argon gas (in which only about 110 electrons reach the avalanche region). Theenergy resolution indicated by this spectrum is about 24% FWHM. This is typical of all of ourchambers.

050001 1041.5 1042 1042.5 10405 0 0 100015002000

CountsChannel NumberCharacteristic ArgonEscape PeakMain 5.9 KeV PeakFigure 4. Typical Fe-55 spectrum in P10 gas from one of the chambers. There is noise discrimination below channel 150.By determining the position of the main peak, we may determine the gas gain through ourcalibration. Varying the anode voltage and repeating the measurement provides the datashown in figure 5. An exponential curve of the form

G = e

b⋅(V− V^0 ) (1)

is fit to the data for our small chambers. The parameters b and V0 of the curve fits for eachchamber are included in Table 1 at the end of this paper. Additionally in figure 5, we haveincluded some similar measurements performed on the EOS prototype. However, figure 5 doesnot have the actual gas gain, because we used a short peaking time (200ns) for our shapingelectronics to more closely duplicate STAR’s front-end electronics (with a peaking time of approximately 125ns) and were effectively ignoring some of the signal on the anode wires.Increasing the shaping time to several microseconds and measuring the gain showed that ourgain measurements are about 25-30% below the actual gas gain. So figure 5 shows the effectivegain with the 200ns rise time. STAR’s front-end electronics pre-amp shaper chip has a 125nsrise time. From our measurements, we have visually extrapolated down to this time as shownin figure 6.From figure 5, we see that the gas gain becomes higher at a given voltage as the anode tocathode distance decreases. This is as one would expect because the electric field near the wiresvaries inversely with the anode-cathode spacing. Furthermore, the presence of field wiresincreases the gain, again as a result of an increased field at the anode wires. With thesesystematic measurements of the gain, we are interested in finding an expression with which wecan obtain the gain for a given field strength at the wire surface. We have used GARFIELD4 toc a l c u l a t e t h e f i e l d s t r e n g t h s a t t h e s u r f a c e s o f t h e a n o d e w i r e s a t t w o d i f f e r e n t v o l t a g e s f o r each chamber. The field strengths are then correlated with the measured gains as shown infigure 7. This data was well fit by the equation

G = G0e (c⋅Eg ) = e (c⋅(Eg − Eg0 )) (2)

with c = 0.0757 cm/kV and G0= 0.000844 or Eg0= 93.5 kV/cm. With these parameters, it shouldbe possible to approximately calculate the gas gain for any MWPC with any wire geometry inP10 gas just from calculating the field at the surface of the anode wires.

1021031041051000120014001600

GainAnode Voltage4-42-34-4fw2-22-2fw1.5-1.5

Figure 5. Gain curves for the various chambers, showing data points (crosses) and exponential curve fits. Also included are data (unfitted dots) from the EOS TPC prototype.

00.20.40.60.811.20500100015002000250030003500

Ratio of measured effective gain to actual gas gain.Shaper Peaking Time (ns)Extrapolated Pointfor STAR Shaping Time

Figure 6. The effect of electronics peaking time on measured signal amplitude. The far left point is an extrapolated estimate of STAR’s effective gain based on the 125ns peaking time of the front-end electronics.01 1042 1043 1044 1045 1046 1047 104160180200220240260

Measured Gain = 0.000844 * e^(0.0757*Calc. Wire Field) R= 0.992

Measured GainField at the Wire Surface Calculated by Garfield4-4

4-4fw

2-32-22-2fw

1.5-1.5

Figure 7. The different wire spacings were input into Garfield at two different voltagesand compared to the measured gains at the same voltages. The curve is a best-fit exponential.

Pad Response FunctionThe two primary measurements from the TPC are dE/dx and particle tracking. The gainstability and energy resolution affect the first. Position resolution for particle tracking isaffected by such things as electron cloud diffusion in the drift region and the distribution ofinduced charge on the pad plane. Electron diffusion has been measured extensively (see forinstance Alber, et. al.5 ) F o r d e t e r m i n i n g t h e c h a r g e d i s t r i b u t i o n o n t h e p a d p l a n e , w e h a v e m a d e s e v e r a l m e a s u r e m e n t s a n d c a l c u l a t i o n s . T h e p a d r e s p o n s e f u n c t i o n ( P R F ) r e l a t e s t h e signal induced on a pad to the position of a track parallel to the length of a pad. (Tracks withsome angle to the pad length can be handled also.) The width of the PRF is a key measure ofthe position resolution of a TPC. The case with symmetric cathode spacing about the anodesw i t h o u t f i e l d w i r e s i s w o r k e d o u t b y B l u m a n d R o l a n d i 6 using the method of images. Theydetermine the induced charge density on an infinite plane (the pad plane) as if both cathodesurfaces are infinite planes (although our top plane is a wire plane, this should introduce only asmall error.) They express the PRF as the integral of the total induced charge density s(x)

P0 (x) = σ ( ′x )d ′x

x − W/ 2 x +W/ 2∫ (3)

where s(x) is given by

σ (x) = − λπ (− 1)k (2k +1)D 2 x 2 +(2k +1)2 D2 4 k =0∞∑ = − λ2D 1 cosh (πx D) (4 )

Here l is the linear charge density of the track, D is the distance between the cathode surfaces(with the assumption that the anodes are exactly in the middle), W is the pad width and x isthe distance from the center of a pad to a track projected downward onto the pad plane. Thismethod can be generalized to unsymmetric geometries (still without field wires), though aclosed form is not obvious:

Pus x( ) = − λπ − 1( )k 2 ⋅ k +12 + − 1( )k ⋅c ⋅D ′x 2 + 2 ⋅ k +12 + − 1( )k ⋅c 2 ⋅D2 k =0∞∑ x − W 2 x +W 2∫ d ′x (5)

in which [y] is the greatest integer function of y and the height of the anode wires above thepadplane is given by cD (in the symmetric case, c = 0.5 in which case the summation termsimplifies to that given in Eq. 4.) These PRFs can be closely approximated by a Gaussian curve

P0 (x) ≈ e − x2 2s 0 2 (6)

to which it is relatively easy to fit curves. Using a computer to do the calculations of Eq. 5(usually out to 1000 terms in the summation), we are able to calculate the expected pad responsefunction and width (as the s of a Gaussian) for any chamber geometry (without field wires).In addition to the calculations, we have measured PRFs for all of our chambers using anitrogen laser on an aluminum coated quartz window as an approximate point source. A fiber-optic cable from the laser was mounted on a precision 3-D translation set-up and brought to focuson the bottom of the window. The laser was scanned across the pad in 0.5mm increments. Ateach position, the amplitudes of the signals on the anodes and on a pad were measured and thepad to anode signal ratio computed. This is then plotted versus the laser position and the datais fit by a Gaussian. Figure 8 shows a sample of this measurement and curve fit for the 2-2chamber. The width of the pad response function can be determined from this measured widthby subtracting out (in quadrature) the laser spot size width (measured to have an approximatesigma of 0.3 mm ) and diffusion width (determined by the drift distance (from 1 cm to 1.5 cm inthe small chambers) and the drift field. In addition to the measurement by scanning, we can fixthe laser’s position over one pad and read out that pad and its neighbors. It does not take avery large signal for three (inner sector) pads to get sufficient signal for measurements, but forfive pads, a large signal was required. With so few points, the error upon fitting a Gaussian islarger, but this method was in good agreement with the measurements made while scanning thelaser. Table 1 (at the end of this paper) includes the calculated PRF widths and the measuredwidths for several chambers. Figure 9 shows the computed PRF width (in the symmetric case)as a function of D/2, as well as our measured values. Additionally, we looked for variations inthe PRF with different signal sizes and gains. Though not entirely ruled out, the effectappeared to be very small, such that for the range of signals in the STAR TPC, no significantvariation is expected.

0.050.10.150.20.250.30.350.41015202530

Relative Pad Signal AmplitudeLaser Position (mm)y = m1*exp(-(m0-m2)*(m0-m2)/...

Error

Value

0.0020444

0.3014 m10.013884

19.66 m20.018026

1.967 m30.0012489

0.05880 m4NA0.0004262

Chisq

NA0.9994

R Figure 8. This is a sample of the measurement of the pad response function (PRF) widths. The curve fit is a Gaussian with an offset. m1 is the peak amplitude, m2 is thelocation of the centroid, m3 is the sigma in mm and m4 is the offset. This particular measurement was done on the 2-2 chamber at a gain of about 1600.

11.522.533.544.5012345

PRF Width (mm)Pad to Anode Distance (mm)1.5-1.52-22-34-44-42-2fwOuter Sector Pads (green)Inner Sector Pads (blue and reds)The calculated PRF width forthe 2-3 chamber is 1.97mm(from Eq. 5)Figure 9. Pad response function widths (sigma of a Gaussian). The solid curves show the calculated values from Eqs. 3. Data points are as measured in small chambers. The 2-2fw and 2-3 data points have been slightly offset left and right for better visual clarity.

Pad Signal AmplitudeIn addition to the width of the signals induced on the pad plane, there is the issue of theamplitude. The amplitude determines how many pads will have signals above the thresholdof the readout electronics. If the amplitude of the induced signals are small, then some ’hits’will only be seen by two pads and the position determination will suffer as a result. Equation 5allows an estimate of the induced signal on the pads as a ratio of pad signal to anode signal,assuming the ’hit’ is directly over the center of the pad. Though not quite as good anapproximation as for the width (for instance, Eq 5 assumes infinitely long pads), it should stillbe within a few percent of the actual value. Using the nitrogen laser focused directly over apad, we are able to measure the pad to anode signal ratio for the various chambers bymeasuring the pad signal and anode signal with the same electronics. The calculated andmeasured values are given in Table 1. Figure 10 shows our measurements and the calculated padto anode ratio as a function of pad to anode distance. The larger signal from the chamberwithout field wires is an important point. It allows a lower operational gain to get the samesignal on the pads than using a design with field wires.

01020304050012345

Pad to Anode Signal Ratio (%)Pad to Anode Distance (mm)2-2fw2-3The calculated ratio for the 2-3 chamber is 33.4% (from Eq. 5)Inner Sector Pads (blue and reds)Outer Sector Pads (green)Figure 10. Pad to Anode signal ratios as calculated from Eqs. 3 (curves) and as measured in the small chambers.

StabilityWire chamber instability usually becomes an issue when one wants to install anodes andcathodes in compact geometries or operate with high gains. We first studied wire instabilityfor the STAR TPC in order to understand the consequence of eliminating field wires.7 Using theGARFIELD simulation program, we can calculate the wire displacement and gain variation asf u n c t i o n s o f t h e a n o d e v o l t a g e f o r v a r i o u s c h a m b e r g e o m e t r i e s . T h e m a g n i t u d e s o f w i r e displacement and gain variation are estimated by considering the equilibrium balance betweenelectrostatic forces and wire tension. A test structure for wire displacement was built to verifyour calculations. The agreement between the measurements and calculations has led us to adoptt h e s a m e m e t h o d f o r o p t i m i z i n g t h e w i r e s p a c i n g s f o r t h e S T A R T P C i n n e r s e c t o r s , w h e r e a s m a l l e r g a p b e t w e e n t h e a n o d e w i r e s a n d p a d s i s c a l l e d f o r . I n a d d i t i o n t o t h i s m e c h a n i c a l stability, there is also the issue of electrical stability, including such phenomena as sparking,glow discharge, and multiple counting. When encountered, these effects can lead to spuriousresults and potentially shorten the lifetime of the detector.Applying voltage bias to the sense wires can displace them from their original (zero bias)positions. Estimating the magnitude of the wire displacement can be done using the method ofimages. The pad plane was assumed to be a continuous, perfect conductor. For a given voltage onthe anodes, we used GARFIELD to calculate the electrostatic charges on the sense and groundwires. We then calculated the electrostatic forces exerted on one anode wire by all other anodewires, sense wires and their images (about the pad plane). Using the tension on the wires, weare able to calculate the displacement.

To verify our calculated displacements, we built a special setup consisting of a metal slabwith two wire planes stretched above the metal slab. The sense wire plane has a diameter of20mm at 4mm pitch and is 2.2mm above the metal slab. The ground plane has 75mm diameterwires at 1mm pitch 4.4mm above the metal slab. (This is almost identical to the STAR TPCouter sector design, with slightly larger spacings.) All of the wires are approximately 1m long.The metal slab and ground wire plane were kept at ground potential while the anode plane wasbiased. The displacement of an anode wire was then measured using a microscope.Measurements were done at several anode voltages and on twelve anode wires. Figure 11 showsthe measured displacement towards the metal slab for one of the central anode wires and thecalculated displacements at two tension values, T = 23g and T = 50g. (The wires had a measuredtension of 23g, while the STAR requirement calls for 50g.) Furthermore, we compared the wiredisplacements and wire tensions for all twelve wires at 1600V. This is shown in figure 12. Notsurprisingly, there is a clear correlation between wire displacement and wire tension. On thebasis of the agreement between our calculations and measurements shown in figure 11, we alsoapplied our method of calculation to other geometries considered for the STAR TPC. Figure 13shows the results for various anode voltages using wires 1m long with a tension of 50g.Qualitatively, they can be summed up by saying that an asymmetric configuration willexperience more wire displacement than a symmetric one and the presence of field wiresdecreases wire displacement at a fixed voltage (while increasing the gas gain and decreasingthe pad signal as discussed earlier.)The wire displacement places constraints on the wire spacing by affecting the spatialuniformity of the gas gain. When the center of an anode wire is displaced with the ends fixed,