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ELECTROMAGNETIC DELAY LINE READOUT FOR PROPORTIONAL WIRE CHAMBERS
R. Grove, K. Lee, V. Perez-Mendez and J. Sperinde
' Lawrence Radiation ILaboratory.
University of California
Berkeley, California

June 25, 1970

ABSTRACT

We desc¥ibe the use 6f'electromégne£ic delay lines té readuoub
the position of ionizing events in mulitiii=wire proportional chambers. The
delay line used is a ceramic core (non-magnetic) type with a delay of
80 nanosec/cm. The readout_aécuracy'achieved'dependé on the wire plane which
is read out: for the positive plaqe which forms the electron avalanche, the
- accuracy is + 1 mma. (balf the wire spgcing). For the negative plane, which
records the induéed signal produced on a numbér.of.adjacent wires by the
positive ions, the interpolation propérty of the.delay line permitsran accuracy

of + 0.15 mmu.

1. INTRODUCTION

Multi-wire proportional chambers are nOW‘éoming into extensive use
in nuclear and elementary particle physics. Their main advantage over wire
spark chambers is the ability to record events at ﬁigh rates whereas the spark
éhambers are limifed by the recovery tiﬁe of the chamber. The main difficulfy
wiﬁh wire proportional chambers so far has been the readout--ﬁhich in the
simplest case is done by_using an arréy‘pfsamﬁlifiers and sforage-logic ele-
ments connected'to the individual wires. ‘In a previous paper}) we shoWéd that

- a readout scheme using an electromagnetic delay line could be made which was



cénsiderably'cheaper and simpler than tﬁé'amplifier array method. The delay
line that we used was a ferrite loaded delay line to which>the”individual wires
‘of the chambervwere coupled by coils: the poSitioning aécuracy that we were
able to aéhieve was approximately 3 mm. which was the same as the spacing of
the wires. In this paper we discuss a similar readout schemé using a differ-
ent £ype of electromagnetic delay liﬁe-without'any ferrite or magnetic'material
in it. This type of delay line has a number of advantagés. The ratio of delay
to rise time_ofrg pulse and ﬁhg delay per unit length are higher than in the
ferrite line. NFurthermore the dispersion ofvthe Signél per gnit delay is
smallér. The combination of these_propgrties mékes it. possible to use a readout
scheme which achieves a position accuracy better than * 0.15 mm. and.can be

used in the presence of mégnetic fields of any strength.

ITI. DELAY LINE CHARACTERISTICS

Fbr‘fhis'projegt we have been using a commercialiy available ceramic
core delay line of a typé.that is well.described in thebliterature,g) Fig. 1. .
shows the construction of the delay line.3)‘ The center conductor consists of
silver painted longifudinal strips on a ceramic core which is non-magnetic.
The 6uter conductor consists of a copper winding‘as shown in the figure, made
of insulated copper wire 0.09 mm. in diameter with iOO turns/cm. The line is
wound in 3 mm. sections with each section oferlapping the previous one by
1.5 mm (see Fig;'l insert). All turns of the winding are-in’ the éame dir- -
ection. ‘This type of delay linevhas'the following characteri;tics:.HDelay =
80 nanosec/cm., band pass = .3.6 Mc/sec,'attenuation =Il.5 db/ﬁicrosec delay;

The readout methods described below depend on the high coupling

possible through external coils (current coupling) or through external conducting
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electronics (b)'the pelarity‘and_wire spacihg»of‘the plane which is being read-.
out. The zefo-cfoss:electfonics will locafe the palee.with a jitter of less than
1 nanosec for pulse amplitudes at thevoutput of'the delay line above 40O micro-
volt. This eorresponds te ah output of 10-20 millivolﬁs from the chamber wire.
This amplitude is‘attainablevwith an Argon-Isobutane (70% Ar: 30% Isobutane)v
gas mixture with the total number of electrons pairs in the avalanche equal to
=~ 5 x 106. | |

‘'The aceuracy of sfatial'diStribution depends‘en‘the polarity of the
plane which is being readout due td theAasymmeffy in the-eignals induced on the
electron coliecting wires or on those that receive the displacement curreht due

to the positive ions. Since the signal produced on the delay line is a com-

posite of the signals from a number of wires ad jacent to the source of ion-

ization, interpolation between wires is possibleAif the amplitude of these pulses

falls off monotonically wiﬁh disfance.' Fig. 5 shows the electric lines of force.
An 1onlzing event will produce an avalanche on wires'a or b dependlng on whether
it occurs in the reglon AA or &B. The pos1tlon of the avalanche along the wire
has a displacement error whlch is due mainly to diffusion of the electron
trajectory due to scattering collisions ih the gas; The displacement current
signal induced on the positive ion collectihg planes eenters on the poiht
rerpendicularly opposite to fhe center of the avalanche; since due to the shape
of lines of force there is no 'quantizing' effect{

Oﬁr,measurements confirm thisveffect, as shown in Fig. 6, in which
we plot the position of the ionizing event measured by the delay'line, as a

function of the position of a collimated source of 5.9 KeV 7-raysifrom Fe55

The width of the error bars is the full width at half maximum of the distribution.

observed from the output of the ?.H.A. This is‘due to source width distribution,

]
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straps wrapped afound the line (capacitative.coupling).;‘Boﬁh of these coupling
schemes afe poséible due to ﬁhe fact: that th§ center cbndﬁctor of the line is
operated as‘thé gfounded conductdf; | |

The efficiencies of these coupling methods ére'shown_in Fig. 2;}

Fig. {ém) shows the amplitude of the outpﬁt signal for différent rise times of
current pulséé and various numbers of turns in the coupling coils: Fig. 2b
shoﬁs the corresponding'curves for the capacitative cbupling.

An important point to considef is the‘effect_of the externél couﬁling
on the delay line charécteristics, since we want to maintain an accuracy of
timing of the pulses to within 1-1.5 nanosecénds; This loading effect is shown
in Fig. 3 for both couplingsj.it is seen fhat th¢ capacitative coupling intro-
duces less aispersion-and 'ringiné' than the coil coupling.' Since it is also’
considerably easier to construct mechanically and elecfrically, by wrapping
plastic,with conducting strips etched on it around the delay line, it is the

method we prefer to use.

ITT. PROPORTIONAL CHAMBER MEASUREMENTS

Oﬁr measurements ﬁeré done on chambers with three wire planes: a
central plan¢ cdnsisting of wires 25 microns in'diameter, sﬁaced~by 2 mm. which
collected the‘electrons‘and whose field,grédient'produced the avalandheé. The -
positive ionvcoliectipg planes were ﬁade'of”wires 100 microns in diameter,
spaced by 2 mm..énd with the wires oriented gt 90o relative to tﬁose of the
central plané; We collected signals from both the central and tﬁg outside planes.
The arrangemént we used is shown schematically in Fig.'h. For timing purposes
we used a'zero-crossu) method.

Tﬁe positioning accuracy attainable with this dela& line depends on

the following: (a) the amplitude of the signals above the noise level of thé



Jitter in electronic timing and diffusion of the electrons in the gas. The
difference in position accuracy and interpolation between the two plénes is
evident. A proportional chamber with‘this asymmetry is héwever quite ﬁseful
in magnetic spectrometer experiméﬁts where the position of the particle tra-
jectories in the plane pérpegdicular to the magnetic field of the deflecting
magnef is usually reqﬁired ﬁo thg higheét accuracy for the momentum determin-
ation. |

Ir symmetry in positional accuracy in tﬁo cobrdinates is desired from
one chamber the simplest method is to;build it ﬁith the positive ion.collecting
planes oriented at * hSO relative to the central plane and which are then used
for the readout. |

The width of the signal pulée on the delay line, re@dtive to the
velocity of progégation determiﬁes‘thé pulse-pair reéolﬁtion for two simultan-
dously occurringvidnizing evenfs; ﬁhis is shown ih Fig. T.v The results aré
obtained by simultaneously putting two signals on the delay line and then ob-
serving the arrival of the signals at one end of the liné.' The position of A
is fixed and B is moved. The two dashed lines indicate the results which would
be obtained for a single pulsé at position A or B. Interference between the
two pulses will cause the measurements to deviate from the straight lines. ‘In
the pyesent setup the two pulse resolution is 30 mm;, as can be seen from the
figure. We are limited here by the simple zerchross‘method of finding the “:
pulse center. Measurihg the leading edge of the pulse at each‘ehd of‘the delay

line and a suitable coding method would improve the two pulse resolution.

IV. CONCLUSIONS

A delay line readout of the type described above has the advantages



over the'individﬁal4amplifier per line scheme of éreater simplicity and less

expense. It is also more acéﬁrate due tovthe abilitytfo interpolate among wires.

The two frack resolution as noted above'istsomewhat poorer, but can be_imﬁroved.
WeAshbuld also point oﬁt that elgétromagnetic delay lines of this |

type can be used for reading out wire spark chambers‘in magnetié fielas. The

. signals from these chambers--current cdupled'of capaéitatiﬁely.coupled are large‘

enough so that very little émplification is needed.
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FIGURE LEGENBS

PerépeCfive'vieW‘¢f ceramic core delay. line.

Efficiency of coupling from the chamber to the delay line as a
function of the input pulse rise time for (a) coils of 50, 75 and
100 turns and (b) copper straps 1 mm. and 2 mm. wide.

Loading effect of coupling on a 10 cm. delay line for (a) capacitative

coupling and (b) coil coupling. The delay lines are loaded with coils.

or straps, one every two millimeters..

Block diagram of the electronics used for timing the pulse. The delay

line is capacitatively coupled to the chamber and zero-cross dis-
criminators are used to locate the center of the pulse.

Electric lines of force in the chamber in (a) the view normal to the
central wires showing the origin of the quantizing effect and (b)
the view parallel to the central wires. To make the lines of force
in (b) as parallel as possible flat strlps should be used for the
negative plane.

Measurements of the position accuracy for locating 1on121ng events
as read out by the delay line. :

Output pulse separation as a function of the inputbpulse separation.
The dashed lines represent the measured position for a single pulse
at A or B.
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