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Abstract

The application af electroeagnetic delsy line
readout methods for determining the track positions af
ionizing purticles in cultivire proportional chazbers
is described, Construction techniques for large area
~wapbera, which allov the use of all three planes for
track pesition memsurements are given. The consiruc-
tion and characteristics of electrocagnetic delay lines
optimized for vire chaober eadout are di 4

Introducticn

The electrocagnetic delay line cethod for the
readout of the position coardinates af charged part-
icles in M¥FC has been in use at ow Leboratory, and
elgevhere, & the last three years in & mxber of
perticle physics® and bigredical applications.@
Although in general, the construction of the chachers,
the delay lines and the readout electronics is similar
in all of these varicus applications, the requiremants
for particle phycics are the mont demanding. In this
paper ve shall confine ourselves to a deseription of
the various coxponents as optimized for particle
phyaica work,

Description of Delay Line Readout MWFC

The tasic electriced connections for & delay line
readout 1s 11lustrated in rig. i. The chazber consists
aof three planes with the central wire plane at &
positive high voltage relative to the outside cnes
which are at growid or cloge to ground potentisl, We
have been making the anode plane--on which the
avalanches occur-«of stainlegs steel or gold-
plated tungsten of diametsr ranging fros 15 to 25
micrens. ‘Ths wire spacing has been between 1 and 5 =
depending on the desired sccuracy and oize of the
chacbers. The cathode wires are isoleted froo & fixed
potential through resistors of 250 KR to 5 Ki in ardep
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to allow o voltage signzl to appear on then which 1s
cec=unicated to the delny lines by a cepacitative
coupling. The simplest position determination of the
trajectory of a charged particle can be =ade by
connecting oll the anode vires togsther to give a
zero time cignal and ceesuring the X axd Y coordinetes
by the delayed pulse eppearing at cne end of esch of
the delay lines coupled to the cathode planes. The
anode pulse is proportional to the lonlsstion energy,
&2, deposited in the chamber gap by the marticle if o
chazber gns 15 used vhich has no electroncgative
contazination and the charmber is operated in the
Froportional region. This configuration is suitable
for bdicsedical and other epplications in whick only
one particle track occurs por event.

In particle physjcs applications the muzber of
ionizing tracks per event can often be larger than
one. For those ceses it §s desirzable to use the
caxizun azount of infarsmtion obtainable fro= the
ancde and tvo cathode planes of the chamber. Thus &f
any tup plenes heove wires oriented at 90° to coch
other, the third plane can MAve its wvires oriented at
sooe intercediats angle--typically 45°. With a delay
line coupled to esch plane, three coordinates ere thexn
read out, X, ¥, U, froo the 0, 90%, 45° planes which
is sufficient, if the seccuracy is good encugh, and
the pulses do not zerge, to solve for the coordinates
of the n tracks in a rultiple track event when n is
not too large. Somz further redundancy in solving
for n tracks and a factor of tvo improverent in
position ascurscy is obtained by timing the arrival of
the pulses to both ends of the delay lines. With
delay lines coupled to all three plones, the zero ticm
af the event, i.e., when the avalanche is forced, con
be aobtnined by coupling the ground plane of any one
delay line through @ low input icpedance explifier to
ground and obtaining a pro=pt signal froo £t which
siarts the counting period and vhich can provide, in
eddision, the pulse height information for the &2

The T=ch 1 resdout electronics for
such chacbers is described elccvhere.

Wz have ende o nu=ber of deloy line readout
chenbors of various sizes up to 50 en using cathode
planes rade of vires.® For these chazbers, even when
£11led uith a high-drift velocity gas cixture (i.e.,
30% €0, T0H Ar), 1t 15 nececzar, to plnce o bias
patentinl of a few hundred volts betveen the cothode
planes and the elu=inized mylar vindows vaich form the
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extarnal gns envelope when charged particle tracks are
to be detected. Thin prevents electrons produced in
the eathode-to-windov drift regions from being collected
in the avalanche region between cathode and anode
planes. These drift electrons, if not elimincted, tend
to produce pulses with rige timeg appreclably elover
than 100 nscc and thus affect sdversely the ticing
acouracy on the delay line and the ensuing positiom
teasurezent.

layger delay line rendout chasters with sensitive

lmlotlnxbhuanm:mrgwhhmturyu
part of en External Kuon Identifier’ for the 15 ft.
bubble chacker at the Hational Accelorator Laboratory.
These charbers have been designed vith cathode planes
made of copper strips on o gy].ar backing which 1is
epoxied on to & flat fexcel” honeycocb plastic backing
vhich 1s flat to %200 microna. Since the whole
detector will consist of corv than 20 chaxzbers of this
size, the cain emphasis herc vas on achieving the
desired active area for the lovest cost, both in the
construction and in the readout clectronics, consistent
with the desired accuracy. With this in oind, the
anode wirc spacings werc chosen to be Szm, the anode~
to-cathode spucing B, and the cathode plane strips
2mc vide with 0.5== spacing. The U plane is one of the

hode pl wvith copper platings at L5° relative to
the chazber rizs; this plane is read out by tvo delay
lines on opposite edges of the plane. The 0° and 50°
planes sre the anode plane {vire) and the secand
cathode plane {copper strips on mylsr). The digitizing
eleatronics operates at 25 Miz vhich gives an sccurscy
of 1 count = 5zm vhich is tho firal accuracy of the
systen sinc it is larger than any other errcr.

In te folloving section we give descriptions of
our latest wmodifismtions to the delay lines end to
large area chamger construction.

Elec stic De Iines

All the for=s of continuously wound delay lines

used in MWEC readout have been capacita-

mled to the chaster vires. They have all

been budlt with some form of phase cospensation in
order to minimize the inherent dispersion ard to
provide well-shaped pulses optimized Zor timing pur-
poses. Except for our initial vork,! we have uzed
rectangular cross section de lines with distribv -zd
capucity plase compenrsation.” 1In fig. 2, ve shov Lue
construction of & delay line and in rig. 3 we shov it
mounted on a da cathode plane. Figure & shovs a
partinlly assembled 1 meter chamber.

Yarious modifications bave been made to these
rectangular cross section delay lines. The criteria
that we have used sre ss follovs:

a. The bandwidth of the delay line chould be
aprroximately matched to the rigetire of the
proportional charzber pulses.

Typically the chasber pulscs have a risetice
of ~100 ns for minimz icnizing particles
traversing a 0.5 co gap in 904 Argon - 10%
Methane at ane a pressure. The Im
charbers with their wider gaps (B + 8m)
have rise tires closer to 200 ns, cnd their
delay lines have rise tizea that range froo
200 to 5CO ns for o pulse travelling their
full length. ({Their deluyn are sbout 25 to
30 tires the ccrrespanding risc times.)

b, The coupling to the chomber should be sizple
and the coupling efficicn:y should be high,
The lines are cade with a large nrea

rectangular crogs section and the desired
coupling efficicncy 1s obtained by placing
the line on 8 flat surface af plated
cetallic bands vhich are connected to the
chamber wires.

c. The ixzpedance should be high to allov good
coupling vithout losding the chamber pulse.

d. There should be uniform delay dependence
vith delay line length.

e. The delsy per unit length should be ~50 to
100 ns/ca oo that tining electronics with
a minimm tice jitter of 1 ns ia sufficient
to locnlize the pulse origin to a fraction
of a millirster.

f. The attenurtion ghould be codernte for a
iine ¥ Im.

-8 The tvo pulse resolution should be as good
as possible.

All aof the atove criteria are not independent.
The delay per unit length is given by Vm; the
irpedsance 1a given by C ; the bandwidth in pro-
portional to IC and can be further limited by the
chaic resilstance of the windings., Eere L is the
inductance per unit lengih and C is the capacitance
per unit length. In practice the delay per unit length
is ade as large as is possible vithout causing

ptable a ticn of the signals due to the
decrease in barndwidth, The dasired high irpedance is
obtained by making L relatively large and C relatively
szall. The best overall performance is cbtained when
the =inimm rise tice of the delay line is approxi-
cately equal to the rige time of the charmber pulses.

The changes described belov were cade in order
to increaze the high frequency response of the lines
ard to increase the coupling efficiency to the chamber.

First the thickrness of the line vas made smaller.
This incroases the effective mzber of sections, since
the distributed delay lines can be consider:d as
consisting of a nuzber of sections with the gection
length determined by the thickness of the lnes.9 A
well-known projyerty of lurped-gection delay 11n¢71° is
that the dalay-to-risetime ratioc incresses as ne/3
vhere n is the mmber of sections. In order to wain-
tain the delay per unit length at the desired value of
50 to 100 ns/cm, the quantity has to be aintained
at the desired value. This vas done by increasing the
width of the line as well ms the nu=ber of twrns/cs of
the helical winding.

Eddy current losgses in the distributed ground
strip vere reduced by raking it of copper-plated lines
on Mylar ar Kapton vith strips of lmm or less in width.
The eddy current 1 in the T tion wvere
minizized by caking then of aluzinuz plated Mylar with
thin enough platings co that the resistance is of the
order of 10/square.

DMelectric losses in the dintributed camcitance
af the delay lire were zminimized by caking the plastic
forcer of lieen G-7 (o glagss-fiber plastic impregnated
with low-lose silicene resin) anmd the dielectric
spacer between the ground planc end the helicnl
vwinding aof Polyethylenc.

‘T coupling efficlency of the delay linc to the
charder wires was increased pricarily by raising the
characteristic impedance of the line as well as by
increasing tie coupling copacity between the line and



vire pads; this latter increase occurs primarily from
the increased width.

hat these changes produce better coupling can be
seen a8 follows. Define a coupling capacity Cg
between the metallic strip end the delasy line. Then
for aignals of a given frequency (typlcally 3 Miz) the
capacity acts es an impedance glven by 2, = 1/2afC,
where £ is the freq y. This i is in seriea
with one half of the delay line 1mpedance since a
signal coupled to midpoint of the line sees the charac-
teristic impedance of both sections in parallel. The
coupling capacity eand delay line behave as a voltage
divider and the fraction of the inmput voltege trens-
mitted in eech direction is given by (zd/a)/(zb*»zﬂ/a)
or 2, /(zz.ca-zk:ere Zy is the line characteris
ce. this expreasion it is evident ﬂmt
both the increased coupling capacity and the increased
charccteristic icpedance improve the coupling effi-
ciency. For example, take Co = 80 pf, £ = 3 MHz and
= 1500 fi. Then Z, = 662 N and Zy/(2Z,+Z4) = .53.
ese numbers are typical for our recent delsy lines.
lgte however that further increases in C, do uot
produce camparable increases in the delny line signal
azplitude cbtained froo a chamber. This is because
the chaxzbers ars current limited sources, and increas=
ing the coupling efficiency cerely loads the signal on
the chamber producing only slight gains in the cutput
signal fram the delay line. Schezes in vhich the
charber vires are directly coupled to the delay line
can increase the amplitude of the oputput signal by st
ost about SOF.

The tight coupling of the delay Lines to the
chamber planes ceans & wvave travelling along the delay
lines is accoacpanied by one travelling fram strip to
strip (or wire %o wire) along the chacber plsnes. For
large chacbers, the strip-to-strip capacity cust be
alloved for in designing the delay line freguency
cozpensatian. Also some care pust be taken to
prevent cross-coupling between delay lines.

The electrical chargcteristics, from measurements
described below, are given in Tadble.l. For cosmarison,
the characteristics of the ol lined are included alsa.

Table 1

Hechanical ard Elsctrical Parspeters
of the Delay Lines

Parameter Fev Line 014 Line
Length 51 en 5 cn
width J2cn 2.6 ¢
Thickness 33 e .9 cn
Windings (#36 vire) 78 turns/en 35 turns/em
Ground Strip Width 2.5 ex 3.4 e
Campensation Strip

wiath (45°) =1 on 1.8 ex
Inductance 17 w/ea 30 h/en
Capacity 3 pf/ex b9 pt/en
Icpedance 1500 o T50 O
Delny 52 nafen 39 nsfen
Voltage Coupling

Effictency 183 S%
Attanustion 5 db/n 6.5 db/o
Bard Pass “-3do 83 Miz -3 db@2,5 Miz
Delay-Risetire 30:1 15:1
D, C. Resistance 590 n 300 2

From the table, teking the delay-toericetime ratio as
e figire of mwerit, it is seen that the new line with a
value of 30 is apprecimbly better in its overall
frequency responge than the previously described line.
The volitage coupling efficiency and attenuation are
determined by measuring the output voltage response of
the line to a 100 ns rise time step function input
fram a voltage source. The signal is capacitively
coupled to the delay line using s yrinted circuit
board with 5 strips/em of the same type as is used on
the wire chambers. Typleal pulses are seen in fig. Sa.
The delny-to-risetime ratio is obtained by coupling
directly a 20 ns step function in one end of the line
and measuring the time delsy and risetime (10% - 90%)
of the step function at the other end. To measure the
corresponding two-pulse resolution, two equal amplitude
pulses are simultanecusly entered on the line via a
coupling boayrd as described nbove, again using step
functions with a 100 ns rise time. The two pulses are
said to be resolved when the dip between the two peaks
ia a quarter of the peak amplitude, Some pulses
showing the lire response verzus the two pulge
separatiocn at a distancs of 25 cm from the end of the
line are shown in fig, 5b. The effect of this non=-
resolution oo a chamtar reedout for multdi-track events
ig shown seheraticaliy in fig. 6. The heavy lines
indicate the regions in whick two or more pulses are
not resolved, In fig. 6a ve agsume that two pulses
originate simuitaneously at two different positions,
xlnndg. In fig. 6b we plot the case for two pulses
origina at tices t) and and show how the non=
resolvable region propagates time to the end of the
delay line. In both cases, if a third pulse occurs
anyvhere on the shaded band, part of the coordinste
information will be lost. lote however that enough
redundant inforcation is available so that the
particle track can stlll be reconstructed in the
caoputer so long as the pulse does not come in a
triple crossing region vhere A (delay line left end),
B (right end), end C (procpt) signals all intersect.
Algo, of cowrse, it is not necemsary in general to
wait for a drlay line to "clear® before accepting
later events.

Tre width af this noneresolvable band can be
d.ecuned considerably by caking full use of the
tiping inf on to both ends of the
dchy lines, This is accomplished by using constant
fraction tiwing discriminators in place &< Jero cross
discriminators. The former operate on the leading
edges of the merged pulse; thus, by recording the time
intervals from the 1ero time of the event to the
arrival times of the leading edges of the pulses at
btoth ends of the delay lines separately, each half of
the merged pulse can be identified, giving the
positions of the two events. The aituation that ocours
vhen a fev pulses cerge together cay be the most
difficult to unfold. Another s situation occurs,
hovever, in the case of electron showers uhere often
the required inforvaticn is the position of the cen-
troid of the shower and the energy deposited in the
charber gap. Both of these quantities can be
conveniently obtained by use of integrating discrin-
irators vhich can be designed to give both of these
mmbers.l Pigure 7 shovs a biocck diagran of the read-
out electronics. In practice, tuo delay lines on
opposite sides of the chamber are used for the ¥
coordinate. A prozpt pulse (not shown in the figure)
can also be obtained from any delay line ground strip.

Canclusion

Delny 2ine readout of the track coordinates
moduced by ionizing pardicles in HWEC's is a conven-
ient, nccurate and sicple cethod to use. The sirpli-
city of the readout =1lows the use of all threc plones



in the chamber for cocrdinate informetion with some
degree of r v. This dimd y 18 useful in
more accurate position determination for
eingle track events and for allowing the unambiguous
recording of multi-track events in & single chamber.

1e8t, but not least, since the mamount of
electronics required 1s minimal, the cost of this
readout scheme 15 considerably lees than that for the
amplifier per wire method.
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Figure Ca LS

1. Schematic of a chamber wltk delay line
readout.

&. Side view showing wire planes and drift
regions.

b, Top view showing X, ¥, U planes and delay
lines coupled to X and Y planes,

2. Schematic af delsy line consiruction showing
helicel winding, ground plane and distributed
compensating capacity.

3. Plcture of delsy line coupled to chamber
plane made of plastic £ilm with metallic pirted
strips.

4, Picture of a partially assembled lm chamber,
On the right side, a mylar cathode plane is
viaible; on the bottom a delay line placed over
circult strips that comnect to the anode plane;
an the left a pressure ped used in clazmping the
other delay lines to their corresponding cathode
planes.

S. FPhotographs of delay line pulses

B. Single pulses at 10 and 4C crs distance fram
cne end of delay line.

b. Cutput of delay lime produced by two egual
amplitude pulses occuring at the same time
but at different positions in chamber,

6. Position-time plots indicating propegation
of a pair of delay line pulses.

7. Hlock disgrsm of readout elesctronics.
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