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Several wire and p(ld conflgu rations have been stud ied for the STAR TPC. These 

studies provide useful performnnce chiuacterjstics for the STAR TPC, such £is gClins, pl'd 

response fllnctions~ pad signal amplitudes~ stability characteristics and electron drift time 

variations near the sense wi.re plane. The results offer justification for the c.onfiguration 

used in the STAR Tre inner sector's, as well as information of use to similar detector 

systems. Most measurenlents were done using small hnlid-bui)t wire chl'lt"'flbers; several 

were done with prototype and actunl Tre sectors. Calcul.,tions include n~suHs from 

GARFLELD on drift time variations and stability, as well as approximate results from 

derived formulas for the pi\d respon::;e. 
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Introduction 

The final $tat~ of a heavy-ion collislo.l1 at RHIC can nave sever;\1 thousand particles 

emitted. To tr(lck charged particJe:s in suck n high multiplicily eve nt, a large-volume 

Time Projection Chamber (fPC) is to be used in the 5T AR experiment.! The 5T AR TPC has 

(\ cylindrical geometry with one central membr(\J'\e cilthode i\nd two end-clips. The central 

cathode and inner and outer field cages provide the drift E-fie\d . The end-caps contain 

thin-gap, multiwire proportional chambers (MWPCs) with a pad plane readout surface on 

Ihe outermost cathode surface. For each segment of an ionized track, the primary signal 

electrons are multiplied by avalanches near the anode wires, and image charges are 

induced on the array of small pads near the anode wires. The amplitudes of these signals 

are digitized as a {unction of lime. Measurement of the drift time allows determination of 

the z-coord inate (perpendicular to the MWPC and para !leI to the RJ·nc beam), while the 

pads provide the (x, y) coordinates (perpendicular to the beam). This three-dimensional 

tracking capability of a TI'C allows dete.rminlltion of individual momenta of charged 

ptlrticles by tracking them through a solenoidal magnetic field and identifying them with 

multiple energy-loss (dE/dx) me(lsurements. 

Design of the end-cap TPC is critical to achieve the optimum performance for STAR 

with respect to spatial resolution, two-track resolution, operational stability and 

dynamic range. We have undertaken a series of investigations, including both 

measurements and calculations, to study issues such as gas-gain characteristics, pad­

response funclions , 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 wire heights and 
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the presence of field wires interspersed among the anode wires. Additionally, tests have 

been performed on larger chambers that more accurately represent the STAR conflgu ration 

for some purposes. These systematic studies have helped U$ finalize the design of the 

STAR TIC MWPCs and p(ld plane layouts. 

TPe Sector Design 

Each TPC end-cap is divided into 12 identical super-sectors. Each super-sector consists 

of an outer sector and an inner sector. Figure 1 shows the final design of the pad plClne in 

one super-sector. It shows the actual distribution of pads and geometrical dimensions. The 

outer sector has 3940 rectangular pads of 6.2mm by 19.5mm lO size which are arranged in 32 

rows, The inn~r sector has 1750 rectangular pads of 2.85mm by 11.5mm arranged in 13 rows. 

There ~re three wire pl~(\es positioned above the p{ld plane, with every wire 

stretched under proper tension, sufficient to insure that they will not deflect from their 

nominal positions oriented parallel to the pad rows. In the inner (outer) respectively) 

sector) the anode wi re plane consists of 20j.J..m diameter gold -plated tu.ngsten wires with tl 

4rnIT1 pitch located 2mm (4mm) above the pad plane. The smaller wire spi'lcing and pad 

size of the inner sectors provides better .spatial ,md two-track resolution near the center of 

the detector where track denSity i.s highest. The ground wire plane consists of 75~,m 

diameter beryllium-plated copper wires with lmro pitch, located 4mm (8mm) above the 

pad plane. Finatly, the gating-grid wire plane consists of 75j.Lm diameter berylliuQ1-

plated copper wires with 1 mm pitch, 14mm (l8mm) above the pad plane. The gahng­

grid's role i~ twofold. As its ndme imp lies, it acts as a gate, When it is uniformly biased, 

it is open ~nd the TPC will receive drifting electrons,. To close the gate, alternating wires 

of the gating grid will be brought to different potentials, such that d rifting electrons 

2 



l 

.... 
X 

"-
a. 

ll\ 

>< 
1..11 .... 

IJ\ 
~ 
0-

0 
<=> 

IV 3 
..... 3' 

.,., 
'" 3 
3' 

0 
:3 

a 
m 
-( 

m ,.... 
..... 
0 
:tI 

n .... 
Z 

""" rn 
:u 

,.., 
:ll 
0 
(1\ 

VI 

'Z 
C1 

UI 
N 

Cj 
0 

~ 
3 
:;, 

~ 

0> 
~ 
to( 

N 
'0 

16~ POClS& ~ 
.,.. __ IEEII...,...,_I1111 ..... I:ZIIE!IIII~ __ -=-I1:1111""'" I f,od Flo,", 12 . 17 L Pods ~ 5;> 

>-
a-

0 
0 
3 
3' 

n 
~ 
0 ,. 
r-

VI 
OJ 
;,. 
f"\ 

z 
CI 

~_-IIII::J ___ ..... I!::.I.mIllEl_IIII:II ... -t Pod Row 9 - 150 P"'ds 6\ 

-l-I!2BD---:a:li------r( Pod Row 8 - 1(2 Poas ~ "'"' ......... -.,.".,. .... ------1 PC.d ROIJ 7 - 1).£ POdS 

..... :IIIII __ IIII!I .. _EllllIIEE_-! Pod Row 6 - 126 POdS 

',o.---..."..,., .... _ ................ rt:( PO(] Ro" S - 116 POelS 

'pIi __ amlmlljlllllllllllEC_rm( Pod Row :3 - 1()L Pods 

Pod Row ? . ?6 PodS 

\ . tJ.8 PeelS 

0-
a 
0 

..., 0 
VI 
3 
"3 

0 
3 

'" 
:3 

.... 
n 
;:0 
0 
U\ 
til 

VI 
"C 
> ,.... 

'" 
U.l 

,. 
UJ 

0 
".. 

U\ -I 
('TI 
n ..... 

Z 
CI 

'" 0 

'" :tI 

r.. 
""" 171 
U1 :z 
3 ..... 
"3 IT\ 

J:) 

o .-
5 

Figure 1. 

3 



will termlnate on the gating grid rather than reaching the avalanche region near the 

anode. In add Bion to acting as a gate, the gating grid serves to isolate the TPC drift region 

from anode field leakage through the shield plane. It is worth pointing out now that we 

have decided not to use field wires (grounded wires between the anode wires) in the STAR 

11'C for simplicity's s('tke and to reduce stresses on the wire mounting media that would 

result {rom holding the high volt(lge anode wires and the grounded neld wires in close 

proximity. Further justification for that decision will be included later in this paper. We 

have seen that performance of the TPC is not compromlsed by this decision to any 

appreci2ble extent within our operating regime ~nd may, in facti be slightly enhanced . 

Sma11 Test Chamber Construction 

Building one o( the small chambers began with creating the pad plane cathode 

surface. The pfld plrtnes were m~de 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 STAR TPC inner sectors (as showfl in Figures 1 and 2.) Each. inner 

sector pad is 2.8Smm wide by 11.50"'101 long, with a O.5mm gap between adjacent pads. Tn 

these small chambers there are two rows of eighteen pads . The rest of the pad plane 

surface is copper·plated aJ1d IS grounded in the final set-up. The pad plane PC boa.rd 

includes plated vias and traces from each p~d to the bl'ckside where a &urfClce mounted 

connector allows re?ldouts from eacn pad ind\viduaIl9. The sixth chamber is a small 

replica of the STAR TPC outer sectors with three rOWS J with nine pads each, each pad 

being 6.2rnm wide by 19.5mm long separated from its neighbors by OSrnm. 

Once the pad planes were completed, the wires were put on. The first plane of wires is 

the anode plune, as described above. (See Figure 2.) Frames o( wires with 4mm spacing 
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Figure 2. The chamber layout (IS seen looking pMlIliel to the wires including the 
optiMal field wires (lightly shaded). Also shown are t.he various methods used 
to generClte sign;lls. 

were taken from the STAR project's wire-winding machine, which insures proper spacing 

and tension. The height of the anode wires above the pad plane is one of the important 

varitlbles that differentiate these chambers. Of the pild planes with inner sector p(lds, 

one was buiJl with 15mm between the pad plMe and anode wires (d2 in Figure 2), three 

with 2mm (each one unique in ways to be described below) and one with 4mm spacing. The 

chao:'lber with outer sector pads has 4mm spacing (dl 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 o( the desired 

diameters to ~t the wire heights . These glass rod9 were placed outside the nema-GlO 

supports and then the frames with wires were lowered onto the glass rods until the wires 

rested on them. The wires were lined up so that an anode wire would be directly over the 

5 



center of each pad. With the wires supported slightly above the nema by the glass rods, 

epoxy was poured ·over the wires onto the nema and encapsulated each wire. On one of ~he 

nemn supports, a narrow piece of copper (cDoductive) tape was laid under the wires. Each 

anode wire was soldered to this tape and rt cable was C\ttached which is later hooked up 

to the anode high voltage power supply and to readout-electronics to see the signals on the 

anodes (all ganged together through the copper lnpe). The wires were then cut from the 

frame and the ends snipped off. To alleviate the danger of discharge {rom these exposed 

ends/ they were epoxied over as well as the copper tClpe and solder joints. With the anode 

wir"€S firmly held in pl(\ce by the epoxy, the glass rods were removed. Of the th.ree 

chambers with 201m pad-anode spacing, one has additional field wires in between the 

anode wires as shown in Figure 2. These field wires (Ire grounded and they have a 

diameter of 1 OOJ1.Oi. 

The second plane of wires (called shjeld wires) is grounded and was put On in a way 

very similar to the procedures used for the anode wires. These wires h,we a pitch of lmm, 

The usual arrangement in this type of detector is for the djstance from the shield wires to 

the anode wires to be the same as the distance between the anode wires and the pad plane 

(that is, havI.ng a symmetry of the cathode surfaces about the C'1node wires). Five of our 

chambers have such an arrangement, but the third chamber with 2mm pad-anode spacing 

was excepted. It has a 3mm gap from the anode wires to the shield wires. Most of the 

above work was done i.n a clean room. Once completed, each unit was jhowered jn a high­

pressure spray oj warm water and detergent/ ril1sed with tap water and finCllly rinsed 

with de-ionized water. They were thel1 placed in an oven for 2-3 hours llt 1500 F to dry. 

To summarize, and to introduce some shorthand, we have made six: chambers, to be 

denoted as 1.5-1.5/ 2-2/ 2~2fw, 2-3, 4-4 and 4-40. These ind icate the ptld-anode distance 
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and Ihe anode-shield distance as d2-d J, as well (IS ind icatil"lg different con figurations 

with identical wire spacings. The 2-2(w is the chamber with field wires and 4-40 i~ the 

chamber with. th.e STAR TPC outer sector design. Further on, additionL\) geometries will 

be mentioned with the SiU11e sort of shorthand notation. These small chambers do not 

include a. gating-grid layer, because it is expected that it would have no appreciable 'effect 

on the performance characteristics that we are studying. 

Small Chamber Measurement Set-up 

Many of the measurements on the small chambers are similar to, or follow from, those 

done by H. Huang, el aP All measurements were done with PlO gas (90% Argon, 10% 

Methane). This is a common gas for these ty~s of chambers and is one o( the gases 

intended for use in the STAR TPc. These small chambers are housed in "lumi..num boxes 

that can be sealed effectively with tape. To m(lintain a good gtls qu;\lity, <> small, 

constant {low o( PlO was used. The exhaust gas was cnor"litored and always showed below 

SOppm H20 during measurements. For tests i.n which precise gas gain was an important 

factor, les~ than 30ppm was considered suffident. With a permanent epoxy seal, il was 

possible to get below lOppm with a relatively Jow flow rale. It is assumed that the 

pressure was siightly higher than atmospheric pressure and that the temperature was 

equal to the room temperature. Temperature and pressure variations do effect gas gain.3 

We did not monitor these explicitly, but we are able to estimate their effect based on 

typical lab environment changes and the effect is very small. 

In the small chambers, sigJ1i\Js on the anode wires ctln be rei'ld-out with the circuit and 

eJectro"ics shown in FigUJ'e 3, which provide the input of high voltage to the anodes. 
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figure 3_ Anode voltage supply and aliOde signal readout set-up. 
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Ad d iiiontllly, the resistor isolation p ralects the c h (Imber from stored energy in I he event 

of sp3rking_ Not~ fh(lt all the anode wires are connected together, urlii ke the STAR TPC, 

in which individual wires CLln be read out. The anode wires in the STAR TPC will not be 

used (or d E/dx or treKking measurement!; because the multiplicilies are too high, but they 

Me still useful as tI measure of event multiplicity thilt will be used in the STAR triggering 

scheme. Individual anode signals are also u~d for verifying the perfonnance of STAR 

sectors when they are bui It. In all measurementsl the shield wires and unused pilds are 

d i re<:tly grou nded to Zl \loid chiHge build-up tha t would effect the fie 10. Positive volti'lge 

is supplied to the anode wires, and the current drawn may be monitored. 

We nave three difIHent methods of injecting electron sign<l}s for testing as illustrated 

in a s l.cnpJj(ied w~y in Figure 2. The leitmost one is (he actual type of signal gent:!ration 
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during STAR's data collection. Charg~d particles traversing the drift gas region leave 

behind a track of eJectrons. The uniform drift field created by the central membrane and 

field cage will drift these electrons toward the sectors on the end-caps where data 

collection occurs. To measure gas gain and the effect of changes in read-out electronics, we 

typically used an 5sFe x-ray source. These soft x-rays hiwe an energy of S.9keV and they 

typically liberate one electron with kinetic energy trom an Argon atom. This low energy 

eledron then produces approximately 220 electrons through fu rther ionizabon in the P]O. 

The third method of signal creation u.ses a 337nrn nitrogen laser focused on a quartz window 

coated with a 90A aluminum fi 1m as a photo-electric cathode. The window is 

approximately lcm (up to 15crn, depending on the chamber) from the ground plrme and has 

a bias of -130V (or higher for longer drift distances) to push the liberated electrons toward 

the wire pJanes. The use of the laser allows a very small signal source size and precise 

positioni.ng used for measurements of pnd response (unctions and pad-"node coupling. More 

detai I will be given below in the sections describi ('\g the ind iv ld uaJ measurements. 

Gas Gain and Field Strength 

The first measurements done were to determine the gain as a function of the anode 

voltage. The relationship betwe€n gain and voltage depends on the geometry used, so 

each of our chambers is measured separately. We first caJibrate the readout electronics by 

injecting a known amount of charge at the preamplifier input through a precision 

capacitor. With this calibration, we are able to determine the number of electrons 

arriving at the anode wire after an avalanche. As mentioned earlier, we also know that 

an 5sFe x-ray will produce approximately 220 electrons before the avairlnche. The gas 
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gain is then the number of avalanche electrons divided by 220. An 55Fe source is placed 

over the chamber. Putting the amplified signals from the anode wires into an MCA 

produces the spectrum shown in Figure 4. [t shows the primary peak, as well as the escape 

peak characteristic of argon gas (in which only about 110 electrons reftch the avalanche 

region). The energy resolution indicated by Ihis spectrum is about 24% FWHM. This is 

typical of all of OU[ chambers. 

By determining the position of the main peak j we m~y detennlne the gas gain through 

our calibration. Varying the anode voltage and repeatjn.g the measurement provides the 

data shown in Figure 5. An exponential curve of the form 

(1) 

is fit to the data for our sm(lll chambers. The parameters band Vo of the curve fits for 

each chamber are included in Table 1 in the Conclusions section. Additionally in Figll.re 5, 

we have included some similar measurements performed on the EOS prototype. Much 

work has been done to derive gain$ as (\ function of gas parameters j potentials and ch(\mber 

geometries,{.5,6 of which Equation 1 is (\ somewhat simplified parameterIzation. It is 

empirically quite a good approximation for our chambers at the voltages we are likely to 

use) as is evidenced by the good fit with OUf measured gains. In general, however, 

deviations from such a si,mple exponential dependence are to be expected in certain gasses 

and at very high or low gains. 

Figure 51 however, does not have the actual gas gain, because we used a short peaking 

time (200m;) for' our shaping electronics to more closely duplicate STAR's front-end 

electronics (with ~ peaking Ume o( approximately 125ns), which is too short to 

completely integrate the full signal. IncreaSing the shaping time to several microseconds 

and measuring the gain showed that Our gain measurements are about 25-30% below the 
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actlJ(l1 gas gain. So Figure 5 shows the effective gain with the 200ns rise tune. From our 

measurements, we have VisuCllly extrapol?tted down. to the STAR TPC shaping time as 

shown in Figure 6. 

From Figure 5, we see that the gas gain becomes higher at a given voltage as the anode 

to cathode distance decreases. Thi$)$ as one would expect because the electric field near 

the wires ill.creases with reduced anode-cathode spacing. Furthermore, the presence of 

field wires Lncreases the galn l again as a result of an ir.creased field at the anode wires, 

With these systematic measurements of the gain , we are interested in finding an 

expression with which we can obtain the gain for a given field strength at the wire 

surface. Following the example of STAR Note 1297, we have used GARFTELOS to calculate 

the field strengths at the surfaces of the Anode wires ~t two different voltages for each 
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chamber. The field str€ngths ate then correlated with Ike measured gains 25 sh()wn in 

Fi~lHe 7. This data is weI! fit by tht! equiltion 

G == lise l( [9' ~ e(((£~ -[~Q)\ (2) 

with c :; 0.0757 cm/kV and GO"· 0.000844 or EgO= 93.5 kV /cm With these parameters, it 

should be possible to approximately calculate the gas gaif\ for any MWPC with uny wire 

geometry in PIO gas just from calculating the field ilt the surface of the anode wires. 

Pad Response Function 

The two primary measurements (rom :he TPC are dE/dx ~nd particle tracking. The 

ga instability and energy reso lu t~on a (feet the fj rsL Po~j hon resol ution for p;3 rticle 
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tracking is affected by such things ('IS ele<:tron cloud diffusion in the drift region and the 

distribution of induced charge on the pad plane. Electron diffusion has been measured 

extensively. (See for lnstance AlberJ et nC~) For determining the charge distribution on 

the pad plane, we have made several measurements (lnd calculations. The pad response 

function (PRF) relates the signal induced on a pad to the position of a track parallel to the 

length of a pad. (Tracks wjth. some angle to the pad Jength can be handled also .) The 

width of the PRF is a key measure of the position resolubon of a TPC. The case with 

symmetric ca.thode spacing about the anodes without field wires is worked out in Blum and 

Rolandj5 using the method or images. They determine the induced ch21rge density on an 

infinite plane (the pad plane) as if both cathode surfaces are infinite planes (although 

our top plane is a wire plane, this should jntroduce only a small error.) They express the 

PRF as the integral of the total induced chMge denslty a(x) 

H+W/2 

Pe(H) = J ahf)dH" (3) 
~-wn 

in which a(x) is given by 

crlM) = - A. f (-11" (2k + I)D/2 
1t k=8 ~ + (21< + 1)

2D2/4 

A. 1 
= 

- 2D COSh(1CHjD) 
(4 ) 

Here A. is the linear charge density of the track, 0 is the distance between the cathode 

surfaces (with the assumption that the anodes are exactly tn the mldd Ie), W is the pad 

width zmd x is the distance from the center of a pad to a track projected downward onto the 

pod plane. This method can be generali.zed to unsymmetric geometries (still without field 

wiresL though a closed form is not obv ious: 
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in which [ ... J is the gre(ltest integer function of the Mgument, ancl the height of the anode 

wires above the pad plao.e is given by cD (in the symmetric C(ls€, C = 0.5 in which case the 

summation term simplHies to that gi,;,en in Eq. 4.) These PRFs can be closely approximated 

by a Gaussian curve 

(6) 

to within" few percent. This has Ule advantage o( being relatively easy to iit curves (rom 

measured d lIta (0 r consisten I, comparable numbers, such as the Caussia n wid th, so. Usi n g a 

computer to do the cllkulations of Eq. 5 (usually out to tOOO terms in the summation, though 

100 terms is sufficient for an oCCUT(lCY of better than 4% in total induced charge), we lire 

able to calculate the expected pad response function and width (as the sigma of a 

Gaussian) for any chamber geometry (without field wires). 

In addition to the calculalions, we have measured PRFs for (It! of our chambers using a 

nitrogen laser on an aluminum coated quartz window as an approximate point source. A 

fiber-optic ca.ble from the laser was mounted on a pre<-isio[l 3-D translation set-up (lr'\d 

brought to focus on the bottom of the window. The laser was scanned across the pad in 

O.5mm increments. At each position, the amplitudes of the signals on the anodes and on a 

pad were measured and the pad to anode signal ratio computed. This is then plotted 

versus the laser positlon and the data is fit by a Gaussian. figure 8 shows a sample of this 
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Figure B. This is a sMr'lple.of the measurement o{ the plld response function (PRF) 
wid ths. The curve fit is a Gaussian with. an offset. m 1 is the peak I'Implitude, m2 
is the location of the centroid, m3 is the sigma in oun and m4 is the offset This 
particular mea~u(eO"\ent was done on the 2-2 chamber at a gain of about 1600. 

measurement rtnd curve fit for the 2-2 ch;lO"lber. The width of the pact response function can 

be detem1 ined from this measu red wid th by subt racting oui (in quadrature) the laser spot 

size width (measured to have an appro)(imClte sigma o{ 0.3 mm ) and diffusion width 

(determifled by the drift distance (from 1 em to 1.5 em in the small chambers) and the drift 

field. In addition to the measurement by sC(\J1nin~ we can fix the laser's position over one 

pad and read out that pad and its neighbors. It dLles not lake a very large signal Jor three 

(inner sector) pads to get suHiciet'lt signal for measurements, but (or five pads, ;:I large 

signal was required, With so few points, the error upon litting a Gaussian is larger, but 

this method was in good llgreemenl with (he measurem€nt.9 made while scanning th~ 

laser. Table 1 (in the Conclusions section) includes the calculated PRF widths ano the 

measured widths for several chambers. Figure 9 sn(\ws the computed PRF width {in tne 
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Figure 9. Pad response (unction widths (sigma of (I Gaussian). The solid curves 
show the C<llculated values (rom Egs. 3. Data points are as measured in small 
chambers. The 2-2fw and 2-3 data poinls h(\ve been slightly offset left and right 
(or better visual cia rity. 

~ymmetric case) as a function o( D/2, as weI! as our mellsured values. Additionally, we 

look~d (or variations if) the PRF with different signal sizes and gains. Though not 

entirely ruled out, the effect appeared to be very small, such that (or the range of sign(lJs 

ill the STAR TPC no significant variation is expected. 

Pad Signal Amplitude 

In addition to the width of the sigNlls induced on the pad plane, there is the issue of 

the amplitude. The amplitude determines how many pads will have signaLs above the 

thresholo of the reildout electron iC$. !( the ampl i tude of the ind uced signills a re small, 
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then some 'hits' will only be seen by two ptlds and the position determination will su{(er 

ilS a result. ~uation 5 allows an estimate of the induced signal on the pads as tI ratio of 

pad signa1 to anode signal, assuming the 'hit' is directly over the cen.ter of the pad. 

Though not quite as good an tlpproximation as for the width (for instClnce, Eq 5 assumes 

infinitely long pads), it should still be within a few ~rcent of the actual value. Using the 

(litrogen laser (ocused directly over a pad, we are able to meilsure the pad to anode signfll 

ra tio for the va rious chambers by measuring the pad signa I and anode sjgnal with the 

same electronics. The calculated and measured values are given in Table 1. Figure 10 

s.hows our measurements and the calculated pad to Mode ratio as a function of pad to 

anode distance. The larger signal from the cnamber without field wires is an important 
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point. It allows a low,er operational gain to get the same signal on the pads than using a 

design with field wires. 

Stability 

Wire chamber instability usually becomes an issue when one wants to install anodes 

and cathodes in compact geometrie$ or to operate with high gains. Wire irlstabi Ii ty for 

the STAR TPC was first studied jn order to understand the consequences of eliminating 

field wires.!O Using the GARFIELD simulation program l we can calculate the wire 

displacement and gain variation as functions of the anode voltage for various chamber 

geometries, The magnitudes of wire displacement and gam variahon can be estimated by 

considering the equillbrium balance between electrostatic forces and wire tension.5 A test 

structure for wire displacement was built to verify our calculations. The agreement 

between the measurements and calculations has led us to adopt the same method for 

optimizing the wire spacings for the STAR TIC inner sectors, where a smaller gap between 

the anode wires and pads is ca lled (or. In add ition to this merh<lnical stabHtty, thf'H' is 

also the issue of electrical stabilitYI including such phenomena as sparklng, glow 

discharge and multiple counting. When encountered l these effects can lead to spurious 

results and potentially shorten the lifetime of the detector. 

Applying volt(lge bias to the sense wires can. displace them from their original (zero 

bias) positions. Estimating the magnitude of the wire d.isplacement can be done USing the 

method of images. The pad plane -was assumed to be a continuous I perfect conductor. For a 

gjven voltage on the anodes, we used GARFIELD to calculate the electrostatic charges on 

the sense and ground wires. We then calculated the electrostatic forces exerted on one 
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anode wire by aU other anode wires, sense wires an.d their images (about the pad plane). 

Using the tension on the wires, we are able to c~lculate the displacement. 

To verify our calculated displacements, we built a special setup consisting of a metal 

slab with two wire planes stretched above the metal slab. The sense wire plane has £\ 

diameter of 20J-lm at 4mm pitch and is 2.2mm above the met<ll slE\b. The ground plane has 

7S)..Lm diameter wires at lmm pitch 4.4rnm above tlie metal slab. (This is almost identical 

to the STAR TPC outer sector design, with slightly lMger spacings,) All of the wires are 

approximately 1 m long. The metal slab and ground wire plane were kept at ground 

potential while the anode plane was biased. Th~ displacement of an anode wire was then 

measured using a microscope. Measurements were done at several anode voltages and on 
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Figure 11 Shown here is the actual dJsplacements of a central wire (#7) on the 
test structure (at a measured tension of 2.3g) and the calculated displacements 
based on CARFfELD. 
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measured wi re tension:; for OU ( test setup as described in the text . 
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twelve anode wires. Figure 11 shows the measured displacement towards the metal sl(lb 

for one of the central anode wires and the calculated displClcements at two tension values, 

T = 23g and T ~ SOg. (The wires had a measured tension of 23g, while the STAR 

requjrement calis for 50g.) Furthermore, we compared the wire displacements and wire 

tensions for all twelve wires at 1600V. This is shown in Figure 12. Not surprisingly, there 

is a clear correlation between wire displacement and wire tension. On the basis of the 

agreement between our caJculations and measurements shown in Figure 11, we also applied 

our method of calculation to other geometries considered (or the STAR TPC. Figure 33 

shows the results for various anode voltages using wires 1m long with a tension of SOg. 

Qualitatively, they can be summed up by saying that a.n asymmetric configuration will 

experience more wire displacement than a synunetric one and the presence of field wires 

decreases wire displacement at a fixed voltage (while increaSing the gas gain and 

decreasing the pad signa) as discu~sed earlier.) 

The wire displacement places constraints on the wire spacing by effecting the spah~J 

uniformity of the gas gain. When the center of an anode wire is displaced with the end.s 

fixed, the surface field strength will vary as a function of posihon on the wire. Accord ing 

to Eq. 2, there should be a corr<:'sponding change in the gain. Using GARFIELD again, we 

ca1cu~ated the surface field strength at 1400V with several values for the displacement. 

In Figure 14 we show the results for both inner and outer sectors (2mm and 4mm spaclngs 

respectivelYI without field wires). For .instance/ at ]400Y we expect a wire displacement 

of 40!lm (20~) (or the inner (outer) sector from Figure 13. l1"te resulting gain variation is 

about 1 % or less for both )nner and outer sectors as shown in Figure ]4. FurtheJ1l'lore, we 

anticipate operating the inner sectors close to 1200V, so the gain variation should be 

somewhat smaller. 
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Figure 14. Variation of gain as CI function of wire displacement (or the STAR TIC 
(On fi gu ratio os. 

To further test {or displac.ement effects, an outer sector was constructed with 2-2 wire 

spacing. Using an outer sector pad plane provides ;m oversized version of the inner sector. 

Using an 55Fe source at various positions over this sector, we see a definite variation in I.he 

gain that exceeds our ell leu lations based solely (In wire displacements. Figu re 15 shows the 

results normalized to the lowest measured ga.in for the giveCl conditions. The center::; of the 

wires are at 60cm and the wire lengths and voltages are i nd icated. There is no clear 

correlation between voltage and gain Variation, but the $horter wires do show a lower 

variation overall. While some of this gajn variation is likely (rom wire displacement, an 

electrostatic effect near the chamber edges may be a contribution. This (as well as a 

simple method for signj(jcant improvement) has been studied by Brand el at)1 
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Figure 16. Shown here is the relative gains of the inner and Quter sectorS, with a 
comparison between the measured main peak of an 55Pe source and the escape 
peak. The ratio of ~ain peak height to escape peak height is represented by 
triangles. The apparent extra increaS€ in gain for the escap'" peak in the inner 
sectors at high volt~ges is not well understood. 

Another unusual effect was noticed during theS€ tests . The effective gain of the escape 

peak signals rose faster than for the main peak as the anode voltage was increased . 

Figure 16 ~ho~ these results along with a corresponding set of measurement~ done on ~ real 

outer sector With 4--4 wire spacing. We hypothesize that this last characteristic this may 
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be caused by two effects. First, ilt such high gains, the simple €xponential dependence of 

gain on anode voltage may no lDnger be valid. Second, there may be gas gain saturation 

effects keeping the main peak. from rising as quickly as the escape peak. 

The second issue of stability is electrical. Operation with double counting, sparking or 

other forms of discharge is generally unacceptable for STAR We have conducted tests on 

these phenomena using the small test chambers and (ull-size sectors, and we are confident 

that a 2mm-21l'101 arrangement is accep1able tor the STAR TPC inner sectors . In addition to 

the aforementioned chambers, we have constructed several others with 2-2 spacing for 

these tests. These additional 2-2 cham.bers Me si.n;i1ar to the others, but have no pad 

readout. (They have grounded pads, but no provision for reading them out .) Some of these 

tests Me di ((ieu It to quantify and / 0 r h(ld Uflcont roUed variables that mil ke comparisons 

Jess clear, but we will attempt to explain our observations in a usefu t way. 

A~ has been known for some time, cleanljnes~ is an important issue. Chambers bathed 

well before lise are more resistant 10 discharge ilnd generally last longer. This is oome OUI 

by our tests on these 2-2 chambers. Those bathed before testing would operate normally at 

50-JOOV higher than unwashed chambers built in 3 typical lab enilironment with the 

normal complement of dust and assorted airborne particles floating around. Thjs lowering 

of the maximum volli\ge translates to a loweling of [he maximum gain by (\ factor (If 2-4. 

Sparking and 'glow discharge' (a fOTTl\ of self-sustaining, semi-stable, relatively low 

current discharge that is sometimes obselVilble as a faint glow on a wire J2•13)) is much more 

likely to occur in the presence o( these contaminants. It could oHen be induced by exposing 

the dirty chambers to an 80llCurie 5r-90 p-sou[ce. Often when glow d iscnarge was 

observed, we would be able to see the o((ending dust particle in the chamber under a 

microscope. Hence the decision to build the actual sectors jn a clean-room environment is 
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clearly justified. We also attempted to intentionally contaminate the chambers with 

some of the more likely contaminants from the sector production proces:;. In one instance, 

we soldered copiously near a chamber (using the same solder as used in the STAR sector 

production process), sending wider flux allover the place. Many smaU solder flux balls 

were visible on the pad plane and several were on the wires. Their presence had a similar 

effect to that of room dust, that is, a lowering of the maximum operflting voltage by about 

75V. aboV€' which dischtlrge would set in. A simi lar trial with epoxy (Epon826-

Versamid140, as used in the sector construction) showed little eHect (rom the presence o{ 

epoxy, at least in the shon term on the order of a couple of hour:;. Longer term effects from 

charge buildup and wire degrtldation mfly be possible though. 

For the 2-2 spacing •. operation was normal to over 1400V, which gives an effective g<lin 

of about 70M or an actual gll5 gain of close to 100,000. Even when exposed to the 5r-90 ~ 

source, inducing several microamps or current through the anode wires, the 2-2 chambers 

could be run ilt over 1350V without showing any -prob lems after the source was removed. 

Considering that STAR plans to operate at a gain less than 2000, (An anode voltage of 

roughly l125V) there is a large safety margin. Briefly testing other chambers to Ilteir 

limits did not show any clear correlation between wire geometry and maximum operating 

voltage before discharge. They all were reliable up to gains of at least 50,000. 

Finally. we attempted to look for spurious anode signals that might be induced by 

ionization at the cathod~ surfaces. To do these lests, we set up a counter to count the 

signals from the anode wire. Using an ssFe s.ource 0( known activity, we can determine the 

expected count rate and compare that to the actual count rale. With the iron source, count 

rate agreement of about 3% was achievable, Additionally, we used the nitrogen laser 

with an external trigger and counted the number of triggers. This permitted <I higher 
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accuracy l.n determining the expecu~d count cilte. Using counting time~ on the order of an 

hour and a trigger rate or about 10H2, it was possible to have actual CQunt rates less than 

1'% di((erent from expected count rates. The remaining small difference coenes about from 

fluctuation sin the bflckground (cosmic) count ing rate. At expected STA R operating gains 

(-1000-2000), no deviation (rom expected count rates was observed for any of the cnambt:'n>. 

At g;lins above 50,000, deviations in the count rate of up to 10% were observed. Attempt ing 

to go beyond that by increasing the anode voltage usually resulted in discharge setting in 

(as described aboveL and the chamber would no longer operate in a proportional mode. 

Agi'lifl, preCise quantification of this effect was difficult. There was some variation from 

day to day and chamber to chamber. but there was no obvious relationship betw"een wire 

geometry and undesirable effects. With these effects occurring at such high gains, we see 

no cause (or concern trom STAR's point of v iew in usi ng the 2-2 chamber withou t (j~ld 

wi res. Any unwanted effects on ly occur at levels well beyond the STAR TPC opera ling 

levels. 

Signal Timing Near the Anode Wires 

We h,we studied the time for drifting electrons to reach the anode wires as (I function 

of initial drift position. These variations are caused by field line bunching near the anode 

wires and 2off~t z-position determination rtnd resolution, though probably so little liS to be 

negligible (or the 51' AR TPC. Th is effect is in add it ion to longirud inal diffusion in the 

drift gas and other {actors already well known and accounted for in STAR These results 

are presented for P10, but our methods are easily adaptable to other gasses. 

It is expected that signals directly over an anode wire shou Id a rri ve sooner than 

signals corning from arell$ between anode wires. Figure 17 shows the drift lines and 20ns 
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Pigure 17, Shown here are electron drift lines in PI 0 as computed by GARFIELD for 
a 2-2 chamber with a BOV /crr. drift fjeld (ibove Ihe gating grid and the anode 
wires at 1230V. Also shown are drift time contours in 20ns intervals . 

drift time contours for a 2-2 chamber i\!; computed by GARFIELD fOT all lines terminating 

on the <lnode wire at the center. (The anode wire pilch is 4mm.) The bunching o{ drift 

/in(;'s (primarily bet"Ween the shield wires) produces distinct breaks in electron drift time 

as" functiOn of initial x position. Figure 18 shows the computed di(ferences in drift times 

relative to the minimum tiS a function Df initi;tl x-position (with an l1node wire (\t 0) for a 

2-2 chamber and a 4-4 chamber respectively. We see lhtlt there is lillIe difference 
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Figure 19. This is a graph of GARFIELD's drift time calculations for a 2-2fw 
chamber with an anode voltage of l079V. It shows a reduction in drift time 
variations as compared to a 2-2 chamber. It is expected that for the purposes of 
the STAR TPC, the effects of these variations, even in the somewhat worse 2-2 
chambersJ will be small enough to be negligible compared to other factors. 

between the two chambers in this respect with both having about 230s variat ions. For 

comparison, Figure 19 has the same plot for a 2-2 chamber with field wires showing (I 

decrease 1n time differences to about lSns. These results are significantly smaller th?n 

those gjve.n in STAR Note 129,7 which gives drift time variations of 86ns {or a 4-4 chamber 

and 73ns ror a 4-4 chamber with field wires. The calculations of STAR Not~ 129 use 

somewhat different conditions, perhaps the most sjgnificEmt is the use of argon-ethane 
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(80:20) gas, rather than P10. As will be discu$Sed further on, our computed variations c.lre 

so small as to be negligible to the STAR TPC, so there is very little advantage in this 

respect to using a conhguration with field wires. Additionally, varying the anode 

vo ltages over the expected operating ranges for the STAR TPC produced little variation in 

these results. 

Using our laser and photo-cathode system described previously for PRF measurements, 

we are able to measure the time variations in the small chambers by scanning the laser 

perpendicuJar to the anode wires. The timing is done using a Time to Digltal Converter. It 

is started by the output of a constant fraction discriminator Jooking at photodiode signal 

triggered by the reflection of the laser off the chamber window; the stop signal comes 

from anolher constant fraction discriminator looking at the anode wire readout. Since we 

are only interested in relative changes, we don't need to consider signal processjng time, 
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Figure 20. Here are the results of a measurement of drift deJay in a 2-2 chamber, 
before consideration of the effects of laser spot size ~nd d ri ft diffUSion. Anode 
wires are at 2mmf 6mrn and lOmm. The curve is a cubic spline fit. 
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which is assumed to be constant during a laser scan. rigure 20 shows the results of such r:I 

measurement for a 2-2 chamber. 

To reconcile the measurement with calculation, we must consider the effects of laser 

spot size and drift diffusion. Additionally, the test chamber on which the measurements 

were made does not have a g~ting grid wire plane, nor any magnetic field. In GARfiELD, 

w~ remove the gating grid and the magnetic field (\$ necessary to simulate the actual test 

chamber. The results are very similar to the case with a gating grid, except the delayed 

group js slightly narrower. This happens because drift Hnes slightly more than 2mm from 

an anode wire may slip inside the shield wire and join the low-delay group near the anode 

wire. With the gating grid, this doesn't happen because of the small bunching effect at 

the gating grid. We then consider the GARFIELD results with no gating grid as being 

approximately a square wave with an amplitude of 23ns and a delayed width of 1.8mm, 

rather than 2mrn n.s it would be with a gating grid. The laser spot size has an 

approximately Gaussian cross-section with a sigma of about 300llm. The transverse d ri ft 

diffusion has ct sigma of ~bout 700J.Lm after the l.5cm drift (using a transverse diffusl0n 

coefficieM of 550Jl.D.1/"cm). We convolute the resultant Gaussian electron cloud at the end 

of the drift distance with the approximate square wave of the GARFIELD results at 

different laser spot positions. What we find is (l very similar shape as fou.nd in our 

~easurements, though with a somewhat larger amplitude of about 14ns. See Figure 21. 

We have also made measurements on the 4-4 and 2-2fw chambers. Our measurement on 

a 4-4 chamber (with only lcm drift region) (las an amplitude of about 17ns, while our 

predicted measurement, found as described above (but with the shorter drift distance), is 

about 18ns. For the 2-2fw chamber, our measurement is about 9ns, while our predicted 

measurement (using a 15ns GARFIELD time from Figure 19) is I1ns. From these results, it 
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Figure 21. On. the left, GARFIELD drift ti.me delCly calculation (or a 2-2 chamber 
wjth no gating grid, as ;n the smalliesl ch.ambers 0(\ which our measurement:; were 
made. The delayed region is slightly wider than in the case with gating grid 
wires as is showl"t il"t Figure 18. Ol"t the right is the convolution of the left with a 
Gaussian to predict the result of our actual measurement (in Figure 20). The shapes 
are very similnr, but the amplitude is somewhat larger. 

appears that GARFIELD's results for the actual ~C are not unreasonable, but tend to the 

high side and perhaps could be improved by usiIlg better gas parameters. 

In any case, the effect of such small variations on w~e 5T AR TPC performance should 

be quite small. In an ideal case, in which we have no drift diffusion and perfect signal 

readout, a 23ns shift in drift time would introduce 1.3mm o{ error into z~position 

determination for one hit. In practice however I t ra nsverse diffusion will cause a d riff i n g 

cloud to spread out at 1851lIl1/~cm (in the O.5T field) and each pad is influenced by severed 

anode wires above it, such that this delay should be largely averaged out to only half of 

its actual value. Furthermore, this should be (l relatively constant offset in z-position 

determination that, along with several other sources of such 1m offset, Ctln be mostly tllken 

out through calibration events using laser tracks and other means, Ignoring th is effec t, the 
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actual capabi)jty of the STAR TPC with fitti.ng algorithms is expected to be about 700Jl.fD 

position resolution. in. the z-direction 1. This number is largely based on the exp~tation 

that the STAR TPC will perform similar to the ALEPH TPC in this regard14 and on 

simulation studies performed by Howard Wieman and others at LENL. As a crude 

estimtl.te of the statistical error introduced by this effect, consider a minimum ionizing 

track passing across tht~ length of a pad. ft will produce approximately 54 or 90 electrons 

over an inner sector or outer sector pad respectively. The·z-positton resolution resulting 

solely from statistical variations of th~ distibution of electrons across the drift time 

regions should be no more than approximately 1.3mm/vS4 = 180jlm for the i.nner sectors and 

1.3mm/~90 = 140~m for the outer sectors. In comparison to the 700llm from other sources, 

this is rather small and is quite insjgnificant if these two resolutions add in quadrature, as 

expected. The effect on (r, 41) I or (x,y), resolution is expected to be negligible also. 

Fu rther study with the STAR TIJC Slow Simulator (TSS) for event reconstruction will 

allow a more precise quantification of the effects. This drift time offset has been put into 

the TSS soitw"are, but a careful study and analysis of the results has not yet been 

completed. 

Conclusions 

As a result of these v<3rious measurements and calculations, we reach several 

conclusions. Foremost, a 2-2 chamber with the small pads and without field wir~s 

satisfies STAR's needs for position re$olution, gain uniformity, and signal size in the inner 

sectors. The outer sector design (4-4) is similarly acceptable. There is a large margin of 

safety in both mechanical and electrical stability. The STAR TPC will not suffer any 
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significant performance degradation as a result of the var1ations in drift times near the 

anode wire plane. However, similar detector systems with sm,aile,r drift distances or 

smaller drift diffusion might find the drift time variations to be more important 

considerations. The addition of field wires to chambers provides an increase in gain at a 

giv~n voltage, a decrease in wire deflection a.nd a reduction in drHt time variations. The 

latter two however are not expected to be sign i{kant irt the STAR TPC. Also, for the STAR 

TPC and many other applications, these advantages are offset by two factors. First, the 

addition of fjeld wires is yet another step in a somewhat delicate construction process and 

their presence produces additional stress on the wire Oiounting structure. Second, they 

lower the induced signal on the pad surface. Finally, GARF1ElD and other computations 

can be used tor easily determining accurate operating characteristics of chambers of this 

sort. A summary of some of our measurements js included below in Table 1. 

Chamber Pad Size Gai n Fit (Eq. 1) PRF Width Pad/Anode 
d2-dl (mm) L x W {mm2 ) V 0 (V), b( 1 IV) (mm) ( % ) 

1.5-1.5 11 .5)(2.85 422.5, 0.01255 1.7 ± 0.15 34 ± 2 

2-2 11.5x2.85 520.1, 0.01267 1.85 ± 0.1 30 ± 2 

2·2fw 11.Sx2.S5 451.6, 0.01250 1.9 ± 0.1 22 ± 2 
2 - 3 11.5x2.85 487.6, 0.01127 2.0 ± 0.1 38 ± 2 
4-4 11.5x2.85 628.7, 0.009341 3.3 ± O. t 17 ± 2 

4 -40 19.5xS.20 628.7. 0,009341 3.7 ± 0.1 34 ± 2 

Table 1. Results of several measurements on the small pad test chambers. The 

various measurements are described in the text. 
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