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Proportional wire chambers and drift chambers are discussed. 

in tl1eir applications to high· energy particle physics. Sane 

results from·a resistive cathode charril:er and new ideas are 

presentede 

INI'RODUCTICN 

There have been such a variety of wire chambers built in the recent 

years, that it has beCCKte difficult to select the ty:pe which may be nore 

suitable for an experiment .in design. The aim of this paper is to discuss 

sane irrp::>rtant aspects of proportional wire chambers and drift chambers with 

the hope that it could be useful in decision making. Wire spark chambers 

are excluded in this discussion since they are well understood, and their 

usage has bea::me limited. The multist~p avalanche chambers will also be 

excluded here because they have not been used in experirrents. 

*sul::mitted to 1980 Vienna Wire C:Qamber Conference 

t0perated by Universities Research Association under Contract with the United 
Stated Department of Energy. 
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Proportional chamber and drift charrJ:::er technology has developed. rapidly 

since it was introduced11213> to high energy particle physics instrumentation 

with the parallel developnent of integrated circuit technology, but~ are 

having difficulties in catching up with the developnent of new accelerators 

which have produced higher and higher energy particles at increasing rates. 

The collisions of these very high energy charged particles prcduce large 

multiplicities. Fennilab is constructing a pp colliding beam facility that 

will produce cente+ of mass ·energy of 2 TeV. Expected average charge multi

plicity at this energy is about 40. Particle identification and track pat

tern recognition of 40 charged tracks is a very challenging problem. 

·Proportional Chambers 

Proportional wire charribers {PWC 's) are becoming less popular due to their 

limited spatial resolution and the high cost of large nunbers of wires for 

large detector systems. They may still be best for handling high rates 4 ' 5 ' 6 ) 

:in a small area. Because of the one dimensional readout nature of PW:' s, 

a minimum of 3 wire planes ·must be used in determining the ccx:n:dinates of 

rrore than one simultaneous track to resolve x-y ambiguities. Fig. 1 shCMS 

a typical experimental arrangerrent of Cu, y, v) PW:: ·planes. x-y ambiguities 

may not be carpletely resolved even with the addition of the thil:d plane 

when track multiplicities are large.· Fig. 2-shows the nunber of ambiguities 

as a function of the number of simultaneous tracks.7) 

An important developrrent in the usage of P%C' s has been the detection 

of induced pulses by cathode strips or wires which provide a precise deter

mination 8) of the avalanche position along the ~cxle wire (Fig. 3).. Cen

troid detennination of the induced pulses provides better than 100 µ resolu

tion for normal tracks. An optimum geometry for :.:>trip cathodes can be 
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calculatea.9> for achieving better resolutions. The electronic noise is the 

nain resolution limiting factor for this type of chamber. Although it pro-

vides a bi-dimensional coordinate (x, y) readout, the co::>rdinates are not 

correlated to each other for each track, thus it requires a third coordinate 

{u) measurement to resolve x-y ambiguity for multiple tracks. Figures 4a 

and 4b show 2 ~ypical arrangerrents made for CELIDlO) and TASSOll). A crz = 

400 µn was obtained by CELI.D and a considerably less accurate crz resulted 

fran the TASSO proportional chambers~ 90° strips do provide l:etter resolu

tion for the same strip width. As the angle is decreased fran the 90°, the 

resolution gets worse. Electronic noise may be the main factor for limiting 

the resolution when the strips are long and imperfectly shielded. 

At Fennilab \\e have investigatea:12
> a similar bi-dimensional ~using 

resistive cathodes of In-Sn oxide film. The induced charges \liere detected 
,, . 

by printed circuit copper strips outside of the chamber volumE! as shown in 

Fig. 5. There is a 125 µm tjtlck ieylar sheet in between the resistive film 

and the copper strips. Local change in the charge distribution on the resis

tive film is detected by the copper strips as the positive ions rrove away 

fran the avalanche position. Another way of saying this is that the local 

voltage drop in the resistive film is coupled to the oopper strips capaci

tively. The centroid of the induced charge distribution obtained fran the 

strips provides an excellent dete:rmination of the avalanche position along 

the wire. A. Michelini, CERN, used13) this technique for obtaining a trigger 

cx:mron to all wires in a plane. Recently, a group14) obtained a second 

coordinate from strips outside of resistive cathode tubes. 
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The .resistive film that is used by the Fermilab group is made by Sierracin 

Canpany, califomia. A gas mixture of 50% A-50% c2H6 was bubbled through 

ethyl alcohol at o° C for obtaining the following results. 

Fig. 6 sha.vs a histogram distribution of the centroids using collimated 

x-rays from a Fe55 source. The width of the collimator was 825 µm. The full 

width (FWHM) of the distribution agrees well with· the width of the source. 

The distribUtion has a flat top within the statistics. The edges of it would 

give us an upper limit of 120 um for the spatial resolution of avalanche posi-

tion along the anode wires. Fig. 7 shCMS the centroid positions as a ftmc-

tion of the precisely measured source positions. The linearity is excellent, 

and the average deviation fran the straight line is less than 100 µm. 

The main objective in the develop:nent of the resistive cathode~~ is 

to construct a resistive cathode pad chamber which can handle large numbers 

of simultaneous tracks at high rates in a relatively small area. A schematic 

picture of the high rate pad chamber is shown in Fig. 8. &na.11 anode wire 

spacing, 1 nm, assures good time resolution. Our earlier results15> obtained 

fran 1 rrm anode spacing show (Fig. 9) that a time jitter of 11 ns at full 

width at half maximum is achieved. A 30 ns gate width assures gocd efficiency. 

The rate capability of an anode wire is about 105 cm-l sec-1 along its 

lengthlG} using a sensitive amplifier-discriµdnator ,circUit. The space 

charge limits the chamber gain. Charge pile up problems may limit amplifier

discriminator front end circuitry in its rate capability when the rate ex

ceeds 5 x 105 cffi1 sec-l although a 10 cm long wire can handle rates of 106 

sec-1. This would not be a problem when 10 independent pads observe the 
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avalanches along the wire as in this scheme. The distribution of charges 

collected from the pads indicate the hit wire and the avalanche position along 

the wire. The electronic noise for each pad channel should be small due to 

the small capacitance of each pad. 

The charge obtained from each pad can be digitized by a flash ADCl?) 

(FADC) and stored into a merrory every 32 ns until an interesting event is 

found. Then the centroid of the charge distribution along the wire (mainly 

3 pads contribute)' measures the avalanche position along the anode wire. As 

we have seen from the strip chamber results, this coordinate can be measured 

to an accuracy of better than 120 µrn. The centroid of the charge distribution 

orthogonal to the wire determines the hit wire. A careful look at this dis

tribution could give us. which side of the wire the avalanche occurred. The 

accuracy of this coordinate is then measured to about crnns = 300 µm (1/ fl2 
for wire spacing of 1 nm). 'l'his x-y coordinate measurement is completely 

unambiguous and provides space poil).ts for all resolvable simultaneous tracks. · 

FADC 's speed of 32 ns, mat:Ching the gate width of 30 ns, gives us a rate 

capacility of> 3 x 107 counts :per second·for an area of 10 an x 10 an for a 

large m:nnber of simultaneous tracks. 

Drift ChanIDers 

Drift chambers have become the nost widely_ used wire chambers since 

they were introduced to high energy physics instrurcentation213> by the G. 

Charpak-F. Sauli and J. Heintze-A. H. Walenta groups. Drift chambers have 

taken a variety of shapes and dimensions since. Historic development is -well 

surrmarized by J. Heintze18>. Only certain aspects of drift chambers will be 

discussed in the follCMing. 
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Drift chambers provide high spatial resolution16), 100-200 µmat atnos

fheric pressures. A careful study of drift velocity as a fmction of the 

electric field can improve the resolution to 50-80 µm19} for a drift spacing 

of 2 cm. Spatial resolution of 20 µmare obtainable at high pressures20> .. 

During the last few years, exciting higJ::t ener9'.J physics exper.irrents have 

been carried out using colliding beams at SPEAR, OORIS, ISR, PEI'RA, and Cor

nell. More experiments are planned at. PEP, CER."q pp at 540 GeV center of mass 

energy, Fennilab pp at 2 TeV, and ISABEr.r.E. The detectors for these experi

ments, largely drift chambers, cover a.lm:>st 4rr steradians and detect rather 

large nurribers of simultaneous tracks (up to 40 charge tracks on the average}. 

Space point detennination of tracks help inprove pattern recognition and 

save a great deal of computing time. A. Wagner from the J.ADE21 > exr;er.i.rnent 

reported that correlated bi-dimensional coordinate detennination mtangled 

carrplicated events. 

Ma.inly there are 2 techniques for obtaining correlated bi-dimensional 

ooordinate readout with drift chambers, charge div~sion22123 ) and delay-line 

readout24) • 

sane charge division ana·delav line results published by various experi

mental groups are listea in Tables 1 and 2. They indicate that the delay 

lines provide about a factor of 4 better resolution on the average than charge 

division. . It is not clearly mderstood what .. limits the resolution in charge 

division. Electronic noise, cross-talk betv;een the sense wire, and the cath-

ode wires, and reflections due to irrg;:>erfect tennination could be sare of the 

resolution limiting factors in the charge division readout technique. It 

appears that signal to noise is the major factor in lllniting the resolution 

for the delay line technique. 
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The noise limit factor calculated using V. Radeka' s formula25) for 

Fermilab's printed circuit delay line drift chamber is in good agreement with 

the obtained results. 

· ~ · · .. TF ... e 1/2 
-L 'V 2 .46 -:;--- n TF . 

•o zo QD 

The parameters for the Fermilab delay-line drift chambers are: 

TF = '30 ps, TD= 277 ns/1.5 m, Z0 = 85n, and On= 3 x 105 e-. 

crnns = 0.2% of the length of the line, giving crnns = 3 mn. 

Multitrack Resolution 

How do these rrost conm:>nly used correlated bi-dimensional drift chambers, 

one using charge division and the other using delay line readout, ccxrpare in 

two-track resolution? One way to an~r this question is to ccmpare confusion 

(or dead) region around the anode wires during the detection of a track by 

the two techniques. 

Using the charge division teclmique, the charges from each end of the 

anode wire are integrated for about 150-200 ils for obtaining a crnns resolu

tion of 1% over the wire length •. This results.in a 2 L an2 (where Lis the 

wire length} of confusion area for an electron drift rate of 200 ns/an in 

the gas. This· is schematically shown in Fig. 10. 

For the delay line technique, let us take Fermilab.drift chambers using 

the printed circuit delay line. This delay line produces pulses of 6 ns rise 

time with a full width of lesp than 50 ns into 85 n impedance (characteristic 

:iir[ledance of the delay line) using 50% argon - 50% ethane gas, bubbled through 
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ethyl alcohol at· o0 c (about 5% admixture of ethyl alcohol) • It is a bal

anced line, and the measured noise into 85 n is less than 30 µV through a 

balanced to unbalanced transfonne.r which cancels ccmron node noise. 

In this case, the results are indicated in Fig.. 11. The maxirrrum confu- . 

sion area is 1. 5 cm2 which is less than 1 % of the area of the charge di vision 

case. The double pulses obtained from each end of the delay line are resolved 

in tine if they came about a minimum of 50 ns apart. This implies a minimum 

track separation of 2.5 nm with the electron drift tine of 200 ns/cm in the 

gas. 
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'Table I 

·current ·nivision Characteristics 

Wire l~sistance 
Number and Reference .~.(cn:t) ohmjm a (an} - nns 

22 H. Foeth et. al. 10 720 0.2 

26 v. Radeka et. al. 240 2350 0.5-1.2 

18 J. He:intze et. al. 250 300 1.6 

27 A. Dwurazny et. al. 60 2000 0.6 

28 M. Clavetti et. al. 250 1.5-2 using 
E7\0C 



'Table 2 

"Delay Line Characteristics 

Impedence DC Resistance Delay Length O'ms 
Number and Refere..'lce ~ ohm Ohm/m ns/cm an nm 

29 G. Charpak et. al. Wound 1300 160 1.3 150 2-3.5 

30 M. Atac et. al. Printed 85 40 1.85 150 3-4 

31 L. Camilleri e.t. alo Wound 550 110 2.3 150 5 

32 O. Achterberg et. al a Wound 325 22 3.66 100 4 I 
f.o"' 
N 

33. A. Bechini 'et. al. Wound 1200 580 7.43 50 2 I 
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Fig. 4a and b 
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·FigUre ·captions 

A typical stereo arrangement of three proi;:;ortional wire 
chamber planes. 

Number of multi track ambiguities as a function of· simul
taneous track multiplicities. 

Bi-dimensional pro:i;x:>rtional wire chamber with readout 
cathcx:le strips. 

Cathode strip readout arrangements for CELLO and TASSO 
cylindrical proportional chambers, respectively. 

Resistive cathode readout bi-dimensional proportional 
wire chambers. 

Histogram distribution of centroid measurements using a 
collimated Fe55 x-ray source. 

Centroid positions versus source positions. 

Resistive cathode chamber with pad readout for high rate 
readout capability. 

Time distribution of tracks f ram a 1 nm anode wire spacing 
of a proportional wire chamber. 

Schematic description of charge division readout teclmique. 

Multitrack resolution from Penni.lab delay line readout. 
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