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ABSTRACT

We have implemented the Erskine formalism for signal development to study in
detail the main operational characteristics of a MWPC with a cathode read-out, for
both point-like and extended ionization tracks. A parametrization has been made of
the width of the cathode charge distribution and of the ratio of cathode charge over to
tal avalanche charge to be applied for a general class of MWPCs. The integral and
the differential non linearity of position measurements based on calculation of the
centroid of the cathode signals have been studied as a function of the width of the ca-
thode read-out strips., Left-right and top-bottom assignement capability and interpo
lation between anode wires has been modelled. The possibility of measuring the an-
gle of incidence of an ionizing particle with a delay-line cathode read-out is suggest
ed.

1. - INTRODUCTION

In a recent paper(l), G. A. Erskine has proposed an algorithm for a numerical
solution of the system of linear equations governing the time course of the chargeand
current induced on the MWPC electrodes by a point source of positive ions, with del-
ta, gaussian or uniform angular distribution drifting toward the cathodes along the
field lines, We have implemented and further developed this algorithm to include ex-
tended and inclined ionization tracks and we have utilized the results to model sever-

al operational characteristics of a MWPC with cathode read-out,



By means of this modelling it is possible to pose on a sound basis the criteria
of choice of many critical parameters of a MWPC, such as anode-cathode gap, spac-
ing between anode wires and number of sampling cathode strips. The particular
choice of these parameters determines many important aspects of the behaviour of a
MWPC, such as the maximum achievable S/N, the width of the distribution of induced
cathode signals, the complexity and number of channels of the associated electronics,
etc. Furthermore, several experimental findings in the operation of a MWPC, such
as the resolution of the left-right or top-bottom ambiguity and the interpolation bet-
ween anode wires can now find a fully quantitative explanation in the framework of
this mathematical model,

Whenever possible, or useful, relations where derived in a parametric form to
be used with the whole class of MWPCs. A good agreement between the predictions of
the model and experimental results was, generally, found. The extension of the mo-
del to minimum ionizing particles permitted us to study the time behaviour (rise-time,
arrival time of individual ionization clusters) of the corresponding charge and current
signals. Finally, the possibility of a measurement of the particle incidence angle is

suggested. This can be achieved by means of a simple delay-line cathode read-out.

2. - THE SPATIAL DISTRIBUTION AND THE TOTAL CHARGE ON THE CATHODE

First of all, we have calculated the spatial distribution of the charge induced on
the wires adjacent to the avalanche wire as well as that of the charge induced on the
cathode wires (or strips) parallel to the anode wires. This calculation can be done
for each time, from the avalanche time to the time of collection of the positive ions
on the cathode, In fact, one often needs to know these distribution at early times, for
example in fast timing applications, while, in other cases, such as in direct centroid
calculation the knowledge of these distributions after few microseconds is more im-
portant, Fig. 1 shows an example of the cathode distributions as calculated at ava-
lanche time, after 100 ns and after 1 us for a MWPC with an anode-cathode gap (d)
of 4 mm, a spacing between anode wires (s) of 2 mm and a width of the read-out ca-
thode strips (w) of 2 mm,

The overall charge on each cathode strip is due to the sum of two different con
tributions : i) a negative charge induced by the positive ion cloud that is drifting to-
ward the cathode; ii) a positive charge induced by the negative charge distributed on
the anode wires, The Erskine formalism takes in account both of these effects. Then,

we have calculated the two contributions, separately. This feature can be used to
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FIG. 1 - An example of cathode charge di-
stribution calculated: a) at avalanche time;
b) after 100 ns; c) after 1 us for a MWPC
with d=4mm, s=2mm, w=2mm,

check the accuracy of other models, like

2) and Fischer et al.(3),

those of Endo et al.(
which both neglect the anode contribution.
Fig. 2 shows a typical distribution obtain
ed considering both the contributions, to
gether with the distribution obtained from
the same data, with the anode contribu-
tion removed, The two distributions dif-
fer in an appreciable way; more signifi
cantly, the distribution obtained neglect
ing the anode plane corresponds, almost

exactly, to that one obtained applyingthe

Endo model,
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FIG, 2 - (—-—+—) a typical cathode di-

stribution wich takes in account the
anode contribution for d = 6mm, s =2
mm, w=9mm; (—) the correspond
ing distribution with the anode contri
bution removed; (---) the distribution
obtained applying the Endo model.

The knowledge of the width (FWHM) of the spatial distribution of the cathode

signals is important in the design of a MWPC because it is related to the number of

channels that are needed to sample the distribution, We calculated this width in a

parametric form with the anode-cathode gap and the spacing between anode wires se



lected as parameters (Fig., 3). We have obtained a linear dependence on d and a weak
exponential dependence on s: FWHM (d,s) = a{d e?2% with ap= 1,344 and ag = 0,043,

FWHM, d, s in mm,
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FIG. 3 - a) The width (FWHM) of the cathode charge distribution as a func

tion of d with s as a parameter; b) the same data as a function of s with

d as a parameter; w=d/2 in all cases.

A second important aspects of the induction process is the sharing of the indu-
ced charge between anode and cathode electrodes. In fact, while the charge induced
on the anode wires is essential for the functioning itself of a MWPC, on the other
hand many read-out systems rely on the charge induced on the cathode wires or
strips. To optimize the signal to noise ratio is, therefore, useful to know the frac-
tion of the avalanche charge induced, at any time, on the cathodes in dependence of
the particular choice of the geometrical parameters of a MWPC, Fig., 4a shows a
fit of the calculated ratio as a function of s, with d as parameter, after T =100ns,

while Fig, 4b shows the same data as a function of d with s as a parameter, Simi-
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FIG. 4 - a) The fraction of cathode charge relative to the avalanche charge
plotted as a function of d with s as a parameter; b) the same data plotted
as a function of s with d as a parameter,



lar relations can be obtained for each time, thus allowing an optimization of the inte-
gration and differentiation time constant of the read-out system., For istance, the
fraction of charge on each cathode is 7% after 20 ns, 11% after 100 ns, slowly rais
ing at 17% after 1 us for a chamber with d=4mm and s =2 mm,

Both these results, i.e. the distribution width and the overall cathode charge,
were obtained for an avalanche with a uniform angular distribution and a constant si-
ze Q= 107 electrons. For each particular configuration the anode-cathode potential
difference was then calculated to assure a constant gas gain accordingly to a slightly
modified Rose and Korff model of avalanche growth(4). The ion mobility was assumed

tobe u=1,2 cm2V'ls'1.

3. - INTEGRAL AND DIFFERENTIAL NON LINEARITY OF POSITION
MEASUREMENT

Most of the measurements of the avalanche position, expecially in the direction
parallel to the anode wires, are based on finding the centroid of the cathode distribu-
tion. The centroid can be determined by a global, continuous read-out employing de-
lay-lines or, alternatively, by a direct computation from the individually measured
strip charge(5). In this latter case the problem arises of the optimum number of strips
needed to accurately sample the distribution of the cathode signals, Too few sampling
strips can result in a discontinuity or modulation in the position response function,
while too many sampling electrodes greatly increase the electronics complexity or
impair the S/N(G). To address this problem we have modelled the position response
function, i. e. the calculated centroid versus the true position of the avalanche as a

function of the width (w) of the cathode

E
strips. As one can see from Fig, 5, o £
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se function is severely modulated with g | os
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rity, defined as the derivative of the in-



measure of discontinuities or local artefacts

in the position response function. A differen

W= 4mm

N tial nonlinearity > 1% can already be achiev

N
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ed at w=d (Fig. 6). A modulation effect of
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FIG. 6 - Differential nonlinearity ever, for w=d three of four strips are al-

(the derivative of the integral non ready sufficient to accurately sample the ca
linearity) as a function of the true
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d=4mm, s =2mm, mm and s = 2 mm,

thode distribution for a MWPC with d = 4

4, - LEFT-RIGHT AND TOP-BOTTOM AMBIGUITY RESOLUTION AND
INTERPOLATION BETWEEN ANODE WIRES

A well known problem in the operation of multiwire drift chambers is the left-
-right ambiguity, i.e. two tracks located at the same distance but on either side of

(9, 10, 11), have ex-

the anode wire cannot be resolved(g). However, several authors
perimentally shown that this ambiguity can be resolved if the induced cathode signals
are used to obtain the spatial information, provided that the gas gain is kept suffi-
ciently low so that the avalanche does not surround the wire in a uniform way but,
rather, exhibits an azimuthal asymmetry,

Fischer, Okuno and Walenta(lo) have shown that in the operation mode of pro-
portional gas amplification, the avalanche is well localized on the side of the anode
wire where electrons arrive from the point of primary ionization and the shape of the
avalanche is well reproduced by a gaussian curve with a typical ranging from
30° to. 45°.

We have studied the displacement of the reconstructed centroid of the cathode
distribution as a function of the primary ionization collection angle for an avalanche
gaussian in shape and with a ¢ of 300, after a time T=20ns (Fig. 7). The maximum
displacement is, naturally, found for 0= 0° and 0=180° where it reaches the value
ax=1 120 um, It is worth noting that this result is in a very good agreement with
the experimental result obtained by Walenta(g) which used a fast delay-line read-out

with 20 ns of differentiation time constant, Since in the first 20 ns only the ionization



cluster delivered at the shortest radial distance from the wire are collected, this en-
sures that the displacement effect will be observed whatever the track distance from
the wire, Fig. 8 shows the centroid displacement as a function of o, the width of the
gaussian distribution of the avalanche, for a collection angle 0 of 19, The narrower

is the avalanche spreading, the larger the centroid displacement.
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T = 20 ns,

A further ambiguity exists in the operation of a MWPC as X or y-ray detector:
one does not know if the conversion process has occured in the upper or lower half of
the detector itself, This indetermination increases the parallax error, expecially for
thick detectors such as those needed to capture high-energy gammas (positron tomo-
graphy, X-ray crystallography, etc.). A solution to this problem can be found taking
advantage of the azimuthal asimmetry of the avalanche, Particularly useful will be
the operation of the chamber in the "self quenching streamer" mode, In this case the
"streamer" is completely confined on the side of the wire where the multiplication
process started, Since the signal is mainly due to the collection of the ionization elec
trons, the positive ions were substituted with "positive electrons" drifting toward the
cathodes with a velocity V of 5 cm/ps, Fig. 9a shows the resulting pulse-height for
an avalanche centered at - 90° which extends 1 mm from the anode wire and for a si-
milar one centered, on the other side, at +90°. Fig. 9b shows the case of 0 = +45°

and 0 = 1800 +45°, The huge difference can be exploited(12)

sending the cathode sig-
nals picked-up, for example, by a delay-line to a difference amplifier and looking at

the polarity of the output signal.
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FIG. 9 - a) Cathode charge distributions for a "streamer" centered at +90° (full
line) or - 90° (dotted line), both extending 1 mm from the anode wire; b) the ca-
se of 0=+45°, 0=+225°,

An attractive characteristic of a MWPC operated at very low gas gain is the
possibility of interpolation between anode wires, i. e. the possibility of reconstructing
the true position of an ionization event which occured between two different anode wi-
res. A demonstration of this possibility was given by Charpak et al.(13), which showed
a good quality MWPC image of an object whose height was less than the wire spacing.
A qualitative explanation of this effect can be obtained considering that if a positive
ion cloud is allowed to drift backward for a long time along the same field line of
collection of the primary ionization, the center of gravity of the induced charge will
be progressively displaced from the anode wire toward the actual position of primary

event. This effect can be quantitatively addressed studying the centroid displacement

as a function of the drift time for an arbitrary 6. From Fig, 10 we can see that after
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wires adjacent to the avalanche wire, Fig. 12 shows the ratio Q"'I/Q'1 as a function
of the true position of the event for an avalanche with o= 300, after T =100 ns (thick
line) and T =500 ns (thin line), A good linear relationship exists, expecially in the

case of the larger integration time,
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FIG. 11 - Position response function
for a point ionization with gaussian
angular distribution (0=30°)., Mea-
surement time T =20 us, Full line:
reconstructed event position, dotted
line: ideal response.

5. - THE TEMPORAL AND SPATIAL BEHAVIOUR OF THE SIGNALS FROM
EXTENDED TRACKS

In this section we describe an improvement of the Erskine model to include ex-
tended or inclined tracks such as those produced by minimum ionizing particles. For
a chamber with d=5 mm and for perpendicular incidence the ionization track was tra
sformed in a random distribution of 34 clusters. The coordinate £ of each cluster was
derived with Monte Carlo methods(15) through the relation g=_ A4n(E) wher & is a
random number in the interval (0, 1) extracted from a uniform distribution and A is
the particle mean-free-path. The contribution to the signal development of each in-
dividual cluster was computed and summed with the appropriate time lag to the pre-
vious one. The resulting time course of the charge and current signals is depicted in
Fig. 13 together with the corresponding signals from a point ionization source for
the case of a normal gas mixture. The rise-time difference and the characteristic
oscillation of the current signal are well evident. This latter phenomenon is at the

base of the cluster counting technique(14)

. This technique aims to measure the diffe
rential loss of energy to the incident charged particle by counting each individual
cluster arriving at the anode wire. Since the distribution of the number of clusters

is poissonian, this technique should be superior to the measurement of the total ioni
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FIG. 13 - a) Time course of the cathode charge signal for point and extended ioniza

tion tracks; b) the anode current signals. The time of arrival of each individual clu

sters is well evident.
zation, which obeys to the wider Landau distribution. A modelling of the current sig-
nal can, then, help in selecting the appropriate gas mixture, the electric field strength,
the anode wire diameter and in designing the counting electronic chain. Fig. 14 shows
the current signal developing on the anode wires of a "time expansion chamber" such
as that proposed by Walental14), A signal like that of Fig. 14 poses severe constraints
on the performance of the preamplifier which should have a very large band-width and

a very low input impedance to effectively preserve the shape of the current signal,
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FIG. 14 - a) A simulation of the current signal of a "time expansion chamber",
The electron drift velocity is reduced to 1 cm/us and (d/dx)n = 20 clusters/cm;
b) expanded view.
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A track making an angle 8 with the direction orthogonal to the anode wires was
modelled assuming that all the ionization clusters delivered within a particular field
cell (-s/2, +s/2) are drifted toward the corresponding anode wire. The resulting ca
thode charge distribution (Fig, 15) will be wider and flatter, If we now considered an
highly asymmetric chamber with, for example, d1 = 2d, and the potential on each ca
thode adjusted to have a radial symmetric field all around the anode wire, the top-
-bottom asymmetry in the collection and multiplication process will be reflected in a
displacement of the charge centroid relative to the wire first hit, This displacement
could, then, be used as an indicator of the angle of particle incidence. A delay-line
read-out can be a useful mechanism of "amplification" of this effect. In fact, the one-
half on the delay-line signal that is travelling in the direction where the ionization is
still to be collected and multiplied, will receive a greater charge contribution relative
to the second one-half, At the end of the delay-line will then appear signals which dif-
fer by amplitude as well as by shape. The most effective "amplification" will be ob-
served when the specific delay of the delay-line matches with the electron drift velo-
city. Fig. 16 shows an example of a simulation of this effect for a chamber with d; =
= 2dg = 8mm, s=2mm, angle of incidence 0= 30° and 60°, specific delay = 100ns/cm,
total delay = 200 ns, A pulse height difference as large as 50% could be observed in
this case. This effect could be used as a sort of "electronic collimation", when imaging

distributions of isotropically emitting sources.
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6. - CONCLUSIONS

We have shown how the use of a mathematical model can be of great help in de-
signing MWPC based detection systems. The time and spatial behaviour of the signals
coming out from the detector can be completely predicted and the implications of any
particular choice can be quantitatively analyzed. In this paper we have shown a practi
cal example of this possibility, focussing our attention on few, but impprtant items
concurring to define the overall performance of a MWPC,

The Erskine formalism has shown to be very suitable for this task, allowing a
straightforward extension to ionization tracks like those released by minimum ioniz-~

ing particles.
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