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ABSTRACT 

We describe ·methods by which large i-ll.re spark chambers can be constructed 

and read out ,·li th uniform efficiency and accuracy over their entlre length. The 

high uniform efficiency for registering multiple tracks is obtained by the use 

of auxiliary conducting planes which serve to charge the chamber capacity with 

a lov] impedance transmission-line characteristic. The magnetostrictive readout 

is improved by the use of torsional pulses in the sense wire which provide a 

greater degree of linearity than the longitudinal pulses used previously. 

10 INTRODUCTION 

In many spectrometer-type experiments in which wire chambers with 

magnetostrictive readout have been used, the simple arrangement shown schema-

1) 
tically in fig. 1 has given excellent results • 

The success of this techniClue has prompted .us to develop it further for 

use in large chambers capable of detecting multiple tracks with a uniform high 

efficiency. As regards the stereo ambiguity problems, we have found that these 

are essentially resolved by making the chambers in modules of two gaps, with 

each gap forming an independent set of coordinates. 

These wire plane arrangements, hOi-rever, have the difficulty that direct 

pulsing of tile chanlbers. does not produce a very uniform efficiency over the 
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entire sensitive area, due to the large distributed inductances of the ~ire 

planes. To resolve this diff;Lculty,we build the chambers with additional thin 

aluminum planes, which are used to charge the capacity of the chamber gap with 

a characteristic approximating that of a transmission line. 

A second difficulty that occurs in the readout ~hen the chambers become 

large enough in anyone dimension (more than 2 or 3 meters) is that the longi-

tudinal-mode magnetostrictive readout has dispersive characteristics ~hich 

affect the shape of the acoustic pulses and reC!.uire linearity corrections in 
2) 

order to achieve maximum accuracy To overcome this difficulty, ~e have 

investigated the characteristics of lo~est-mode torsional pulses in the magneto-

strictive sense ~ire and find that they can be used ~ith advantage in large. 

chambers. 

II. TRANSMISSION LINE PULSING AND EFFICIENCY CHARACTERISTICS 

The configuration of crossed-wire planes shown in fig. 1 results in 

a chamber ~hose efficiency is liable to vary appreciably over its sensitive 

suxface,because the inductance of the ... 'ires produces a nonuniform electric 

field in the gap ~hen .a high-voltage pulse is applied through the bus bars of 

each plane. Arrangements in which either the two ~ire planes have ,Tires 

parallel to each other, or one of the planes is made of a solid conducting 

. sheet improve the pulse characteristics appreciably. However, both of these 

methods have the obvious disadvantage that they reC!.uire a larger number of gaps 

in order to obtain the same information on track coordinates that the crossed-

~ire-plane gaps achieve. As mentioned above, the solution that we have adopted 

is to retain crossed-wire configurations for the readout, but to charge the 

3) 
chamber capacity through thin ahmlinwn planes placed close to the ~ire p12.EeS· 
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Two alternative arrangements that 'We have used are sho'W11 schematically 

. .. , in fig. 2 . The arrangement of fig. 2a provides for a decoupling of the two 

gaps by having separate conductors for t~e central planes. Figure 2b is the 

arrangement used in some of our sparkostrictive (nonmagnetic readout) chambers 
4) 

in which the decoupling is not necessary, since 'We draw smaller currents during 
. \ 

the spark. Tnese charging planes are made conveniently of aluminized Mylar 

(0.2-nun Mylar; O.Ol-mm allllninum) 'Which is tluite strong and provides a minimum 

amount of material in the 'Way of the beam particles. For the magnetostrictive 

case, these charging planes are electrically connected along their entire 

length to the bus bars of their corresponding 'Wire planes. 

Since the impedance of a parallel-plate transmission line in air is 

Zo "" 377(a/b),'Where a is the 'Width of. the gap, and b is the width of the 

plane, the impedance' of the chambers 'Will usually be of the\ order of a fevT 

ohnls. The low-impedance termination at the far end insures that electrical 

reflections are 'Well-damped, and hence that the electric field in the gap is 

uniform during the build-up of the spark. Furthermore, since this impedance 

is small compared to the spark impedance during its formation phase, it tends 

to minimize voltage changes that 'Would other'Wise occur if the current load on 

the voltage source varied appreciably due to different numbers of sparks in 

each event. 

The total currentdraiffi by.the sparks can be limited by the use of a 

'tluencbing' gas such as ethyl or methyl alcohol. In fig. 3a 'We plot the 

relative currents drawn by sparks under the same external conditions but vli th 

different amounts of tluenching gas. In fig. 3b we sho..., the effect on the 

threshold voltage on the chamber for lOO'~ efficiency as a function of the 

tluenching-gas concentration. These concentrations can be obtained easily by 
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bubbling the normal Ne-He mixture through the appropriate organic liquid 

maintained at a specific temperature. 

Since the sparks appear to be very clean and narrow although with a &' 

much-diminished brightness relative to the pure Ne-He gas, it is feasible and 

co!'.venient to limit spark currents by this method. The reduction in threshold 

potel".tial as a function of quenching-gas concentration is due to ,the Penning 
5) 

effect A side effect of the diminution of the spark current is that the 
6) 

recovery time of the spark chambers is decreased appreciably • 

The voltage pulse on the chambers can be prGvided by discharging a 

delay line of the same 'characteristic impedance ,as the chamber. Such a delay 

line can be made of course by paralleling a number of coaxial cables to give 

the necessary impedance. In practice, vTe have found that the voltage pulses 

appearing on the cham;)er can be made satisfactorily by discharging 2 or 3 sec-

tions of an artificial delay line. Such an arrangement is shown in fig. 4, 

where the inductance between the condensers is provided by a short piece of 

50-D cable. 

'I".r1e data given below,were obtained from a pair of chambers consisting 

of two gaps each in which the two ground planes had vlires oricl".ted vertically 

and horizontally, while the two high-voltage planes in the middle had wires 

oriel1ted at ±30 deg relative to the vertical direction. The gap widths were 

1 em, and the exterl".al dimensions of the chamber were 1.5 mwide and 2 m long. 

Figure 5a & b shovs the shape of the voltage pulse at the input and at the 

terminated end of these chambers; fig. 5c shows the corresponding voltage pulse 

shapes in the sparkostrictive chambers in which the wire planes have a smaller 

coupling to the al'LiIllinized Mylar plal".es. 

TGe multiple-track efficienc:." ShOT ... ~,! in fig. 6 was ottained from the 
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two magnetostrictive chambers, discussed above, which have been used in an 

. 7) I I 
experlment at S~4C • Multiple-track events were generated by. electron-

positron background pairs traversing the chambers during the l.5-~sec beam 

spill of the accelerator. 

III. TORSIONAL-PULSE MAGNE'IDSTRICTIVE READOUT 

The magnetostrictive-delay-line readout method that we have been using 

for the smaller chambers uses longitudinal pulses in the sense wire. As is well 

known from acoustic theory, this type of pulse transmission has dispersive propa-

gation. properties ana hence poses some practical limitations on the length of 

the sense wire that can be used. Some of the, properties of longitudinal pulses 

and lowest-order torsional pulses are listed in Table 1. 

Table 1 

Properties of Longitudinal and Torsional P"lllses in Wires 
8) 

Pulse generation 

P"lllse d'etection 

Lo~gitudinal phase 
velocity in infinite 
medhun 

Phase veloci t~T V in 
wire of radius ri, 
wave length A 

Wire radius r for 
useful pulse propaga­
tion 

Longitudinal 

Joule effect 

Inverse Joule (Villari) 
effect 

1 1 

(~)2 ( + 2~)= CL ==.J;: :=: A. 

p p 

(1 -
2 2 2 

V ::::::: C 11" a r 
L L A2 

r < 0.1 

* 

)** 

Torsional 

Wiedemann effect 

Inverse l'liedeman:1 effec t 

ve16city of 
transverse 
waves 

V :=: C (for low:est mode) 
T T 

V 
r<5.14 T 

2 11" f 
c 

(for lowest 
mode) 

* -- Lame constants, E :: Young's modulus of elasticity, p :: densj.ty of material. 
L 

a '" A. == lateral contraction = Poisson's ratio. 
'2(A. + t-:.) longitudinal extension 
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From the table we see that the dispersive effects can be minimized 

by choosing a sense-wire diameter small compared to the mean effective wave 

i .. • 9) 
length of the pulse. In practice we have used 0.15,-:-w.m-diam Vacoflux Fe-Co 

wire, .. rhich is a sui table compromise between a satisfactory degree of disper-

sion and signal strength. As can be seen n'bm fig. 7, there is a noticeable 

degradation in the pulse shape at distances greater than 2 meters. Thus for 

larger chambers the use of torsional pulses becomes worthVlhile, since the 

10l~est-mode pulses have no dispersion and they can be generated in .. rire 

chambers in the same configuration as used for longi tudimil pulses. 

Tb.e method of generating torsional pulses in wire chambers involves 

the use of the Wiedemann effect as shown in fig. 8. The tors:i.onal pulses are 

generated b~i a combination of a steady-state azimuthal magnetic field through 

the wire and a locel pulsed longitudinal field. The superposition of these 

hlo fields )roduces a local pulsed he:\.ical field \~hich generates a i:;orsional 

10) 
Pulse nrovided tI:2t He is greater than HL • S~nce the component H . k -'- - e 1.S 

generated by a lli"liform current passing through the vrire, it is maximum at the 

surface and decreases to zero at the center. Thus there .. rill be a region of 

the wire where He is less than H
L

, and in this region a longitudinal pulse 

will be generated. This simultaneous generat~on of torsional and longitudinal 

pulses poses no difficulty, since the detector can be made to pick up one or 

the other uniquely. Tne mode-converter arrangement shown in fig. 9a, which 

can be made quite easily by soldering a short piece of nickel wire or ribbon 

at the end of the sense vlire J detects only torsional pulses with a high degree 

of discrimination agabst longitudinal plilses. Alternatively (fig. 9b·L tne 

coil pickup e.rrangement cor.Jnonly used for detection ,of longi tudi,:al pulses can 

1 
I 

j 

1 

I 
('\1 

'. J ~ I 
') I 
It -J 

i 

1 

! 
1 

I 
I 

! 
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be used also. If the coil is biased by a longitudinal dc magnetic field, it 

detects· the longitudinal pulsej if there is no dc component of magnetic field 

in the portion of sense "lire in the vicinity of the coil (i.e., no bias magnet) 

the lo~gitudinal pulses are not detected,whereas the torsional pulses are 
, 11) 

detected by the inverse Wiedemann effect This inverse effect is the 

generation of a voltage signal by a time-varying helical magnetic field. 

In reality, various torsional pulse modes may be excited by the pulsed 

helical field. However, the lowest mode can always be selected by choosing 

the wire diameter so it is' the only one that "lill propagate with slight 

attenuation. 
12) 

Tnis condition is that 

r < 5. 14V
T 

2 f 
c 

, 

where V T ;:(~)~, and f c is the limiting upper frequency for the lOl-lest tor-

sional mode. 

Iolhen.this condition is satisfied for a given frequency f , the higher 
c 

modes ,,;ill be strongly attenuated by a factor 

, 

where A is in nepers/cm,ar.d R ar~ the roots of a characteristic equation and 
n 

have the values 

For our sense "dire 
13) 

'Ire used hard-drawn Elinv2.r Extra - . (an alloy of 

iron, nickel, chromium) ar.d titanium used in commercial delay lir.es.) 
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Figure 10 ShOi'lS the attenuation and distortion of the pulse shape as a function 

of distance. Although these pulses are slightly wider than the corresponding 

longi tudinal-mode pulses) the tiw-spark resolution is not impaired since their 
,~ 

velocity is approximately two-thirds the velocity of the longitudinal ones. 

CONCIDSIONS 

Large wire chambers can be built with uniform) high multiple-track 

effic:iency by charging the cap!3-ci ty of the chamber through aluminlllIl backing 

pla~es and terminating the ehamber in its characteristic impedance. Since 

this is of the order of a few ohms) the effect of the spark currents on the 

voltage wave forril is small) and hence there is a unifonn efficiency for 

multiple tracks. The use of torsional pulses on the readout line permits a 

high accuracy of spark position location along the chamber's entire length. 

( 
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FIGURE LEGENDS 

Crossed-v~re arrangement for small cha~bers. 

(a) Magnetos tricti ve chamber with independent gaps. 
(b) Sparkostrictive chamber with comIllon high-voltage plane. 

(a) Relative spark current and' (b) sparking efficiency threshold 
in 90% Ne -'lap He vs. ethanol concentration. 

Artificial charging line schematic. 

Magnetostrictivechamber high-voltage pulses at (a) terminating 
point and (b) driving point. (c) Sparkostrictive chamber pulse 
wi th and "oil thout spe.rks (superimposed). 

Effi~iencyof SLP.C magnetostrictive chambers as a function of number 
of recorded tracks. 

Longitudinal pulse shapes for 0.15-mm-diam Vacoflux v~re in (a) air 
and (b) in Teflon tubing as used in the chambers. 

Generation of torsional pulse by s1..11TIrrration of steady-state azimuthal 
fie ld [He] and pulsed longi tudbal r.~agnetic field [HL ] . 

Detection of torsional pulses. (a) Node converter; (b) nonbiased 
coil. 

Torsional pulse shapes for 0.020-in.-die.m Elinvar Extra wire in 
(a) air and (b) in Teflon tubing, as used in the chambers. 
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behalf of the Commission: . 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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