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ABSTRACT

A brief description is given of gas proportional detectors,
with emphasis on the devélopment and behaviour of multiwire proportional
counters (MWPC's). In particular, the behaviour of MWPC's as position
sensitive detectors is diséussed and a description given of the various
techniques employed in obtaining and processing positional information.

A theoretical analysis of a recently discovered phenomenon,
known as angular localisation of the electron avalanche, is presented
and a study is made of induced charges, due to this avalanche, on nearby
anodes and cathodes. Formulae are developed which allow the calculation
of the induced charges, and theoretical predictions are given of how the
effect may be used to provide position signals.

An experimental system is described from which evidence has
been obtained that a high degree of angular localisation does indeed
exist. Comparisons are made between these experimental measurements
and the predictions of the theoretical model. Various fundamental
limitations are discussed which indicate the feasibility of using the
localisation effect for positional interpolation between anode wires.

The experimental work is extended to observe the effects of
using several common counter gas mixtures and also of varying the
chamber geometry.

Finally some applications are discussed and suggestions are

made for future research.
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CHAPTER 1.

INTRODUCTION - GAS PROPORTIONAL DETECTORS

1.1 The Single Wire Proportional Counter.

The gas proportional counter, basically so simple in its
construction, continues to present itself in new roles to suit the
demands of modern technology. The proportional counter Was a natural
development of the ionisation chamber and was first introduced in
1908 by Rutherford and Geiger(1 .

For many years work continued with Geiger counters but it
was some time after the initial work by Rutherford and Geiger,
particularly during the years of World War II, that the behaviour of
the proportional counter became better understood and these counters
were used more extensively when greater effort was being made to apply
atomic energy to military projects. The behaviour of proportional
counters and similar gas detectors, as it was then understood, and
typical construction details, are given in some detail by Rossi and
Staub(2 who used counters of many shapes and sizes and with a variety
of differing anode structures.

The éounter operates in a region of strictly controlled
potenfial where gas multiplication takes place (the region often
termed the 'saturation' region of an ionisation chamber), yet below
the region of uncontrollable discharge known as the Geiger-Muller
region.

In basic terms, the operation of gas proportional counters
is such that electrons, liberated by some form of initial ijonisation

process in a gas filled region between a cathode and an anode, drift

under the influence of an electric field, towards the anode and at



some point attain sufficient energy (i.e. greater than or equal to the
ionisation potential of the gas atoms) to liberate further electrons.
The process is cumulative and a controlled avalanche commences until
ultimately all electrons are collected by the anode. In the wake of
the drifting electron cloud are the positive ions which immediately
commence to drift relatively slowly towards the cathode, and as they
do so, the anode pulse develops.

Generally coaxial geometry, or a form of geometry using a
circular section anode, such that the field immediately surrounding the
anode is radial, is favoured. In this case the avalanche is confined
to the intense field region immediately surrounding the anode. With
the majority of secondary electrons being produced within one or two
wire radii of the anode, the final pulse is almost independent of the
position of initial interaction of the incoming radiation, and the pulse
formation is more rapid.

Perhaps because of its extreme geometrical flexibility and
its constructional simplicity the proportional counter still remains a
useful instrument in all fields of science where detection of radiation
of various types (including particles and electromagnetic radiation) is
required. In particular the proportional counter is best suited to low
energy work below 100 keV, where, with a careful choice of filling gas
mixture, high efficiencies of detection can be achieved. It finds
application where the much longer resolving time of the Geiger-Muller
counter becomes prohibitive.

In early attempts, presumably to increase the sensitive area
of counters, the multiple-wire proportional counter was introduced (see
for example Rossi and Staub(B) in which the anode structure was a grid

of equally spaced, parallel anode wires.



1.2 The Development of Multiwire Proportional Counters

Little work was carried out on multiwire proportional counters
until 1968 when the behaviour of multiwire anode planes was investigated
more fully by Charpak et al, at CERN(uxs. Charpak pointed out that
the equipotential lines immediately surrounding the anodes remained
circular and the more remote equipotentials gradually blended with those
due to adjacent anodes, until they became planar as the cathode was
approached. The field distribution in a multiwire chamber has been
determined and is plotted in Fige.l1.1 where the geometrical proportions
were h/s = 2 and ra/s = 1/20. (This rather high value for ra/s has
been chosen for convenience of illustration; in a typical chamber ra/s
would be much smaller than this; i.e. 1/50 - 1/200). Equipotentials
have been plotted for values of P ranging from .35 to .95 using the
formula for P given in Eqn.11, Chapter 3. The stream lines have been
determined using Eqn.12 and are shown for values of o from 150 to 1650
by 300 intervals.

Thus Charpak found, under certain conditions of anode and
cathode spacing, each anode and its surrounding volume behaved as an
individual proportional counter, with normal multiplication taking
place near the anode, but with reduced gas gain due to the reduced
potential gradient in the multiplication region. Higher anode
potentials were therefore needed to restore the gain, and this in turn
placed greater demands upon the chamber construction to avoid
electrical breakdown. (Some constructional details are discussed by
Charpak et al(6£7).

Consequently a new field of counter research was opened up,
new techniques were developed, and proportional chambers were produced
which were to provide considerable new information about the

characteristics and trajectories of incident radiations. Furthermore,
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the large amount of research done in developing gas proportional
counters since 1968 has led to a greater understanding of the behaviour
of electrons and positive ions, as they move within the chamber.

In the following sections some operating characteristics of
multiwire proportional counters will be discussed and some typical

applications briefly outlined.

1.3 Resolution Considerations

Events giving rise to the same amount of initial ionisation
will inevitably‘produce a spread in the output pulse height of a
proportional counter. A measurement of this spread in terms of full-
width, half-maximum of the resulting distribution is normally termed
the resolution of the proportional counter. Some factors contributing
to the resolution are :¢ statistical fluctuations in the number of
initial electrons, electron attachment, diffusion, non-uniformity in
wire diameter and counter geometry, counter end effect, unhygenic
construction and electronegative impurities in the filling gas. A
typical value for the resolution of a coaxial cylindrical counter would
be about 1P, but the resolution may deteriorate for other counter
geometries and for multiwire chambers, and values of resolution in excess

of this are not uncommon.

1.4 The Efficiency of Multiwire Proportional Counters

Multiwire proportional counters are often more efficient than
single wire counters because of their larger sensitive areas. In
single wire counters, pockets of low and perturbed field often exist
causing inefficient detection.

Efficiencies close to 100% have been claimed for multiwire

(4

counters” , but clearly, efficiency depends upon so many variables such



as the source solid angle, the counter area and thickness, the filling
gas, the type and energy of the detected radiation, the setting of
discrimination levels, etc., that it is difficult at this stage to make
comparisons. Nevertheless, the fact that nearly 100% of the incident
radiation caﬁ be effectively detected in a well designed chamber is
indeed encouraging. High efficiencies are normally realised with
minimum ionising radiations and with X-radiation in the region of

2 = 20 keV, but special precautions need to be taken to reduce
absorption in the window material for sub= keV X-ray energies and to
ensure that the gas filling has adequate stopping power for energies in

(8

the range 20 - 50 keV used in medical work' .

15 Applications of the Multiwire Proportional Counter

Multiwire chambers have found many uses in high energy physics,
often replacing more cumbersome scintillation detectors in such
applications as anticoincidence counters and telescopes(6, and in spark
chamber applications where more than one chamber can be used to determine
the track location and orientation of an incident particle prior to
making a decision whether or not to initiate the spark. The rapid
response time of multiwire proportional chambers is of course an
important factor here, where fast decisions are required.

In applications such as that described above, the large
sensitive area of the multiwire proportional chamber is a distinct
advantage. It is often necessary, however, to have a constant gain

(9

pattern over the whole area and Parker et al'” have developed such a

chamber with dimensions 20 cm. x 20 cm. and a gain uniformity within
2 rms over the entire area.

Apart from the high energy particle trajectory measurement

applications typified above, multiwire proportional chambers are finding



very important low energy application in biomedical research for X-ray
and neutron imaging and as isotope cameras in nuclear medicine(1o.
Typical X-ray energies used for this work are S5SkeV to about

3OKeV(ﬂ,(m and (13

, and often it is necessary to resort to long drift
regions and/or heavy gases to realise high efficiencies.

An application in molecular biological research has been
described by Faruqi(14 where X-radiation of about 8keV (the charac-
teris£ic K-radiation of copper) is commonly used with X-ray diffraction
techniques for studying biological structures in, for example, prbtein
crystallography and fibre diffraction experiments.

Slow neutron imaging, which offers the advantage of great
depths of tissue penetration, requires the use of a converter screen in
front of the multiwire proportional chamber or a converting gas filling

3

mixture containing He” or BFz, which will emit ionising particles.

Conversion efficiencies of 70% and 50% have been reported(qs’(16.
Proportional chambers are, of course, being used now in the
research field of X-ray astronomy for the detection and mapping of soft
X-radiation from extended sources. Chambers can be constructed of
lightweight materials, and they offer considerable flexibility of
geometrical design and lend themselves to the high packaging densities

(17,(18

encountered in'space vehicles and rocket payloads For example

(19 (20 have successfully used multiwire

Rappaport et al and Levine et al
proportional chamber two dimensional imaging systems on board sounding
rockets for the X-ray imaging of supernova remnants in the X-ray energy
range 0.2 = 1.5keV.

In the above applications several methods have been developed

for reading-out the positional information in one or two dimensions,

and these are described in the following chapter.



CHAPTER 2.

POSITION SENSITIVE DETECTORS

241 Introduction

In the preceding chapter but a few of the more common
applications of gas proportional chambers are mentioned. All exploit
the ability of the proportional chamber to provide accurate positional
information and all utilise some form of conversion to permit data to
be processed and read- out.

It is the purpose of this chapter to look in more detail at
some positional information systems as they have been applied to
proportional detectors and to discuss the various advantages and
limitations which have been experienced by workers over the last ten
years or soO.

Interest in position sensitive proportional detectors was
aroused following the success of using semiconductor detectors for this
purpose(21’(22’(23’(24’(25’(26 and some of the readout techniques
involved could be similarly applied to proportional detectors. Since
then much has been wfitten on this subject and it is beyond the scope
of this thesis to look into all variations and combinations of methods.

Only the more common methods will be discussed.

2.2 Techniques Employed in Obtaining Positional Information

2ele7 Individual wire readout

The most obvious method of extracting positional information
uses one amplifier and discriminator per wire. Whilst recent technology
has made this possible in terms of size and cost per amplifier through

(27

the use of integrated circuits , 1t still remains a prohibitive

technique for larger chambers. Charpak, for example, has reported the



(28

use of a system having 70,000 wires .

Low—cost integrated circuit amplifiers tend to be noisy and
may impose a limitation where low output proportional chambers are used.
A further fundamental limitation and possible restriction of this method
is that the best resolution obtainable is that of the wire spacing
(i.e. typically 2mm.). Generally it is felt that better methods are
now in existence which are far less laborious to install, are less costly
and consume a fraction of the electronics space. A point in favour of

this method is that the outputs are in a suitable form for digital

manipulation.
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262 el The resistive anode

The earliest position sensitive proportional counter was

(29 in 1966. This work was based on that

(22 an

introduced by Kuhlimann et al

of earlier workers with semiconductor detectors, Kuhlmann d

Lauterjung et al(21. Shown in Fig. 21 their apparatus consisted of a
proportional counter with a resistive anode 30 cm. long with voltage
amplifiers connected to each end. By electronically dividing a/(a + b)),
the energy component was removed from the output leaving only positional
information for analysis by the multichannel analyser. The positional
uncertainty reported was 1.2 mm. over the 30 cm. length.

A similar method has been applied to a Geiger counter with an

(72

expected increase in positional uncertainty (2 cm. in 70 cm. length), .

2.2+3 The resistance-capacitance line

In 1968 Borkowski and Kopp introduced a readout method for

(30, which has since been applied in various forms

(16

to multiwire chambers . Their counter used a highly resistive anode

single wire counters

made from quartz fibre with a pyrolytic carbon coating having a
resistance of about LCkn/mm. The operation was such that a charge

deposited on the anode caused a current to flow through the anode, and

into the terminating capacitance, developing a voltage whose rise time

' L}
was dependent upon the position of charge deposition, the anode acting
as a distributed resistance-capacitance transmission line. Fig. 2.2
shows the method of processing the information. A time reference pick-
up was used, after fast shaping, crossover detection and some delay, to
start a time-to-amplitude converter. The stop signal was similarly
obtained in a slow channel from the anode voltage pulse developed
across C. The crossover time is dependent only on pulse rise time and
not on pulse height and hence the energy of the ionising radiation is
not important.

A similar electronics system has been described by Mathieson



(33

and in more detail by Harris . The spatial

(31,(32

and Harris
resolution of .5 mm.fwhm in 400 mm. which was claimed for this

technique compares favourably with present day achievements.

- FAST
AMP- geLAY
PRE~ _T.A.c. PHA.
AMPS . |
B
NS
L | N
c CROSSOVER
R BIAS DETECTORS -
,I, MAIN FIG. 22
77T AMP. THE R-C LINE

SYSTEM, ref 30

Several variations of Borkowski's and Kopp's method have
since been introduced;for example, Alberi et al(16, (see Fig. 2.3)
have used a charge sensitive division method in a two dimensional,

resistive cathode chamber.
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This method differs from that above in that charge induced in the
cathode wire is sensed at each end of the catho@e, and the ratio taken
(the energy dependent terms cancel out). The electronics system
compares the charge collected at one end with the total charge summed
from both ends of the cathode. . The system was developed to detect
thermal neutrons and the spatial resoclution of 3.1 mm. seems to have
been determined mainly by the physical'path length of the reaction
products and not by the electronics.

(3h

Becker et al have described a resistive chain readout
system for obtaining positional information in a direction orthogonal
to the anodes. The system, shown in Fig. 2.4, again uses a charge

division method of data extraction.
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This system has a disadvantage in that the resolution for radiation
giving rise to local ionisation, is simply the wire spacing, whereas
for oblique incidence particles, generating distributed ionisation
tracks, more than one anode will respond and some interpolation is
carried out. Under these latter conditions a somewhat better
resolution was claimed of between .5 and 1.5 mm.fwhm depending on the
type of radiation, with an integral non-linearity of less than ..
The use of resistance-capacitance readout systems requires
careful consideration of noise which is the major resolution degrading
factor. Not only does noise cause amplitude fluctuations in pulse
height division methods, but it also introduces time jitter in

leading edge and crossover timing methods.

(35 (36,(37

Mathieson and Mathieson et al have provided a

detailed analysis of both shorted and open circuit resistance-



(L

capacitance lines for use in the rise time mode of operation and havé
considered the effects of system noise on positional resolution.

They have shown that there is an optimum value of time constant,

T, for equal C-R, R-C, C-R filters in the electronic system, which
reduces the rms positional uncertainty (over the central 8% of the
line) to a minimum, and also an optimum value of T which reduces the
rms non-linearity to a minimum. Values of T were not too different
and a suitable compromise value could be chosen for each line
configuration.

2.2.4 Delay line readout

In more recent years, delay line readout has become perhaps

(38

the most popular. It was first used by Rindi et al and Grove et
al(39 (Fig. 2.5), who have tried both a ferrite loaded delay line and
a ceramic cored line. They preferred the latter which gave a greater
sensitivity to position and hence a much lower positional uncertainty;
the positional uncertainty quoted was less than 150um. for readout in
the orthogonal direction. By this method, anode or cathode wires are
uniformly coupled to the delay line along its length and the electronic
detector system is normally of the zero-cross, time-to-amplitude
conversion type. It is important to note that overcoupling of the
signal into the line will upset its delay characteristics but light
coupling, of course, reduces the signal level. The technique is
therefore best employed in high energy proportional chamber or spark
chamber situations, where signal levels are sufficiently large that
low=-capacity, wrap-around strips may be used for coupling with the delay
line. There have been variations of this approach in attempts to
obtain direct coupling by integrating the chamber electrical

(Lo, (4

characteristics with those of the delay line , but more recently

(42

Beardsworth et al have shown that by choosing a line of low
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characteristic impedénce and by paying due regard to the noise
introduced by using such low impedance lines, it is possible to directly
couple the cathode wires to the line without serious modification to its
performance. A positional uncertainty of less than .2 mm. was achieved
with an rms non-linearity of .08 mm.

A limitation of this method would be the cost of specially
designed tapped delay lines.

2629 Digital processing

.Simultaneous readout in two dimensions from aznode signals by
the analogue methods outlined above introduces complex networks of
components and preamplifiers around the chamber, and whilst excellent
results have been achieved, for example, by the R.C. line system of

(L3

Borkowski and Kopp , (Fig. 2,6), the obvious limitation has been the
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resolution in the direction orthogonal to the anodes, which is limited
by the wire spacing for radiation producing confined ionisation. It
has been found recently that there is some considerable advantage in
using a wire cathode readout, and by interpolation,much better
resolution is possible in the orthogonal direction. The reason for this
forms the basis of this thesis and will be discussed in detail in later
chapters.

At the time of writing the most recent published results are
those of Sauli*”* (see also”*”**’ , whose method was to use two mutually
orthogonal sets of cathode wires, each set being divided into groups

Fig. 2.7).

J N\ /2

HQ. 2.7- THE DIGITALLY PROCESSED SYSTEM, ref. 44

The groups of wires were each equipped with a charge sensitive

preejnplifier and an analogue to digital converter. By digital
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computation to provide positional information based on the centre of
gravity of the induced charge distribution, a positioning accuracy of
around 150um.rms was obtained for a 1.5 keV X-ray beam in a xenon
isobutane filling, in the direction orthogonal to the anode wires, and
35um.rms was obtained in the direction along the anode wires, which was
better than one tenth of the wire spacing. At the present time, with
inexpenéive local microcomputing systems, integrated circuit preamplifiers
and analogue-to-digital converters readily available for a few pounds
each, the cost of such a system is certainly not prohibitive.

2e5 Drift Techniques

Many configurations of drift chambers have been described in
the past decade, all serving rather different purposes, but generally
their function is to provide information concerning the position location
of incident radiation by measuring the drift time of electrons, formed
during the initial ionisation process, as they move from the point of
ionisation to the collecting anode. Electron drift regions have also
been used in a passive nature to improve the performance of multiwire
proportional chambers. Some applications are outlined in Fig. 2.8.

Fig.2.8a shows a spherical drift space used in front of a
multiwire proportional chamber as an efficiency improver. The drift
space provides'a large absorption volume intended for the efficient
absorption of X-rays up to 50keV often encountered in medical physics.
The spherical field removes any interdependence between absorption depth
and final imaging position, by causing electrons to drift along radial
lines focussed on the source. This technique has been successfully

employed here in the Physics Department by Christie and Mathieson(11

and at CERN by Charpak(13’(47.

A secondary effect of drifting prior to detection is that the



19

/? SOURCE

DRIFT
SPACE
WIRE T
CATHODE =~~~ """~~~ """~ ""7"777777°
STRIP
CATHDE— — — — — — — — — — —— ——~

FIG. 2,8a— THE SPHERICAL DRIFT CHAMBER.
refs. 11,13 ,47.

diffusion process causes the cloud of electrons to spread to a diameter
similar to the wire spacing, so that the final avalanche may be shared

by two or more anodes. This effect is often beneficial in improving

(48

the resolution by reducing 'binning' effects .

A method of locating particles by drift time measurement has

(

been developed by Bressani et al(L"9 (Charpak et al 6) and further

(50

developed by Saudinos et al for practical application to localise
1GeV protons. A uniform field drift space and proportional detector
were so arranged that electrons liberated during the initial ionisation

process drifted at constant velocity towards the detector, and passed
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through a grid into the non-linear detector field. Thus the time
spent in the drift region was a measure of the position of the particle.

Fig.2.8b is an illustration of the chamber.

A DRIFT PROP.
SPACE COUNTE
- N

§ e -t

SCINTILLATION '

FlG. 2,85 — PARTICLE LOCATION BY DRIFT
TIME MEASUREMENT. ref 50.

The particle track was defined by scintillation detectors in coincidence
which also gave a time-zero pulse. Data was processed by conventional
time-to-amplitude-to-digital conversion electronics. The spatial
resolution of such a system clearly depends upon the time spent by the
electron cloud in the drift space, and it has been shown that the best
resolution obtainable near fhe grid is about 200um. whilst at about SOcm.
from the grid a resolution of 1.6 mm.fwhm has been achieved. It should
be noted that linear drift chambers are not suitable for radiation which
is totally absorbed within the gas. The radiation must pass through
the chamber to operate the time zero probe.

Certain important limitations must be considered when using
drift chambers:

Gas compositiont we have noticed from previous work carried
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out in this department that gas impurities and small variations in gas
mixtures can cause the drift velocity,W, to change rather more than might

be expected. This has been reported and discussed by El Hakeem(51

, who
found that normal outgassing from various organic components in his
system was responsible for up to 2% reduction in W. Water vapour is
indeed the most serious of likely impurities. It has been shown by

(51

experiment that .2 water vapour may be responsible for up to 30%
reduction in drift velocity near the saturation region.

Temperature:s drift velocity is temperature dependent to such
an extent that normal room temperature changes may severely influence
results. El Hakeem réports a change in drift velocity dW/W = 2%/°C
in Ar/1O%CH4. The effect varies with gas mixture but as an example,

(4

Sauli states that a 10°C rise in temperature produces an error of
around 100um. in a 3 cm. drift space filled with an argon isobutane and
methylal mixture.

Furthermore, the importance of avoiding or compensating for
the effects of local magnetic fields should always be considered
wherever drifting electrons are present.

An interesting method of interpolation between Wires by drift
time measurements shown in Fig.2.8c, was described by Walenta et al(52,
who used fewer.anode wires than normal with 1 cm. spacing and were able
to localise the incoming particle by measurement of the drift time.
They compared the electron arrival time with a time-zero pulse obtained
from a scintillation detector outside the chamber. The success of this
technique depends upon the constancy of electron drift velocity with
changing electric field strength, and care was taken to choose a gas
such as pure ethylene or argon/10%methane (P.10) where this condition

nearly applies. Information was translated into digital form by a gated

60MHz . scaler and data handling was accomplished by a PDP.9 computer.
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Published results indicate that ethiene is the better filling gas for

this work giving a more linear drift time

versus drift length curve than

P.10, and the positional éccuracy obtained was .47 mm, A practical

chamber of this nature is somewhat more complicated by the need to

differentiate between events to the left and right of the anode. This

has been accomplished by replacing the anode with two wires 1 mm. apart,

each being active to those events on its own side of the cell.

Between the pairs of anodes were inserted
wires which were connected to the cathode
boundary associated with each anode pair,
cylindrical field. Further solutions to
charge induction effects on cathode wires

(chapters 3 and L discuss this phenomenon

single wires termed potential
plane and served to define the
and also té improve the
left-right ambiguity using

or neighbouring anodes

in detail), have since been
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(53,(54,(55

given , whereby left-right assignment could be given to minimum

ionising particles as close as S0wm.to either side of the anode.

(52

Improvements on the method of Walenta et al in terms of positional

(56

accuracy and time resolution have resulted in a positional accuracy
of 26 mm.fwhm and a time resolution of 6.4 ns.

2.4 Discussion

There has naturally been some improvement over the years in
the positional accuracy that can be obtained with position sensitive
detectors. Clearly, the best accuracy has been achieved by the recent
centre-of-gra%ity digital methods but the major disadvantage here could
be the cost. The earlier analogue systems give very géod results and
should still be considered for low cost systems.

Resulting accuracies and linearities have been obtained under
extremely varied conditions of gas filling pressure, gas gain, incoming
radiation etc. and are not necessarily directly comparable, but they
serve to give an indication of the effectiveness of methods.

The type of incoming radiation is of particular importance
when choosing a system. - It should be borne in mind that systems with
anode readout cannot be expected to give better spatial resolution than
the anode wire spacing in the orthogonal direction, except for inclined
tracks of minimum ionising radiation. It is now generally accepted that
anode wire spacing cannot be less than 1 mm. without introducing severe
gain loss or accompanying high voltage breakdown problems associated
with increased eJhete

Readout from cathode planes offers certain advantages for two
dimensiohal chambers. Firstly, cathode wires can be arranged mutually
orthogonal, and identical electronics can be used on each channel.
Secondly, the electronics system is generally less complex than that

required for two dimensional readout from the anode plane, where
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information from two coordinates is mixed and requires separation at the
anode terminations. Finally, to some degree, interpolation between
anodes is automatically provided by cathode readout systems, which can
provide up to an order of magnitude improvement in spatial resolution
over the anode wire separation.

It should be noted that linear drift chambers or chambers
employing drift techniques aé a means .of interpolating between wire
spacing are only suitable for minimum ionising particle detection where
a trail of ionisation is formed across the chamber. Totally absorbed
radiation would, of course, not be able to operate the time=-zero
scintillation detector, and would also create uncertainty in the drift

path length.
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CHAPTER 3.

LOCALISATION OF THE AVALANCHE

3.1 Initial Observations

Perhaps influenced by the behaviour of the avalanche in the
Geiger counter, which is thought to spread around and along the anode
wire, one has always assumed that in proportional counters and chambers
the avalanche similarly surrounds the anode, but is localised
longtitudinally. This concept was not questioned until recently, when
during various experimental investigations in this department on

(57

imaging multiwire chambers , it was noticed that, under certain
conditions, the pulses in the two cathode position-sensing planes
differed in a surprising manner. Under conditions where absorption
normally occurred in one half of the chamber due to soft X-radiation,
or where electrons liberated in a drift space were drifted in from one
side of the anode plane, a comparison of the pulses induced in each
cathode suggested that the avalanche was to some degree angularly
localised. The difference in cathode pulses also indicated an angular
localisation directed towards the active side of the chamber.

An experiment was set up to examine this effect, which it was
thought could provide additional useful information from position
sensitive detectors. In the experiment a simple multi-anode chamber
was used, and a collimated soft X-ray source was moved across the anode
'cell', whilst the pulse height on a neighbouring anode was observed.
The results of this exploratory run were indeed favourable, indicating
a strong localisation of the avalanche. A more detailed description of
the apparatus is given later in chapter L.

It was soon apparent, from publications which appeared during
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the course of our investigations at Leicester, that other workers were
independently considering this phenomenon” 28, (46, ($8, ($9 ~ but no
satisfactory theoretical survey had been forthcoming. An earlier
reference to angular localisation which has recently come to the
writer’s attention was by Charpak and Sauli (68 They were able to show
experimentally that some non-uniformity existed in the way the ion cloud
surrounded the anode wire, but again, no theoretical analysis was given.
Obviously a more detailed experimental exploration was required, but
more urgently, some theoretical explanations were necessary.
3.2 Basic Description of the System.

A conventional multiwire proportional chamber is shown
schematically in Fig. 3.1e The anodes are drawn perpendicular to the
X -y plane with the particular anode A, at which the avalanche takes
place, situated at the x - y origin, between two neighbouring anode wires
with spacing s. The anode to cathode distance is h. The angle a,

measured from the x axis, indicates the angular position of the

avalanche at the anode surface due to an incoming X-ray at position x*.

x-ray
beam
cathode
anodes @
cathode

FIG. 31
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With normal chamber geometry, where the anode radius is small
compared with h, the field near the surface of the anode is very
accurately radial and providing s is also small compared with h, the
field at the cathode is spatially uniform and probably remains so for
some distance into the chamber. Thus a set of equidistant field lines
leave the cathode and terminate at the anode as equiangular field lines.
Ideally then, électrons produced by an ionising event near the cathode
drift along a particular field line and eventually create an avalanche
whose centre-of-charge has an angular position directly proportional to
the x-coordinate of the event.

Positive ions, formed during the avalanche, drift back towards
the cathode along the same field line and as they do so, charges are
induced on the anodes and cathodes. The magnitude of these induced
charges may be calculated from formulae given later in this chapter, and
from these formulae, if one assumes a constant positive ion mobility,
the time development of the induced charges may be calculated.

In practice, of course, the initial electron group is of finite
size, and diffusion occurs during the drifting process. The avalanche
will therefore encompass many field lines and will, to some extent,
spread itself around the anode.

345 Theoretical Considerations

As a basis for the theory that follows, we have used a theorem
due to James Clerk Maxwell<6o, which states, in terms appropriate to
the present applications, that if a conductor is raised to unit
potential and produces at an external point a potential P, then a unit
charge placed at that point will induce on the conductor a charge -P.

This may be proved in the following mannert

Standard electrostatic theory states that in a system of
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conductors, the charges q; and the potentials v, may be conveniently

expressed in terms of the capacitance coefficients thus:
n

q+ = Z CLJ‘\L;.

Therefore in a system of conductors 1 and 2,
1' =Cpa Vo + C.. Vi and CLZ = Cqyv, + Cnv'z .
If we now consider a unit charge placed on conductor 2, with
all other conductors, including 1, grounded, we may calculate the charge
q1 induced on conductor 1.

The equations above then reduce to
Ci, =Ciavy and | = sz'Vg_ ,
and hence q. = C‘/sz .
Consider now that conductor 1 is raised to unit potential.
Assuming all other conductors are grounded except conductor 2 which is

insulated and uncharged allowing it to rise to a potential which we shall

call P,

then O = Cqu + Cn_P’
or CZ:/C:,?. = -P ’

but according to Green's reciprocation theorem,

Cz.p = CIZ. .
Thus CL, = —P

The éonductor 2 may be physically very small; that is, we may
regard a positive ion mathematically as conductor 2.

In the following theoretical studies we shall derive an
expression for potential P, at coordinates x,y in the z plane, under
three conditions?

a) when all anodes, connected together, are raised to unit potential
and both cathodes are grounded.
b) when one particular anode is raised to unit potential and both

cathodes are grounded.
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c¢) when one cathode is raised to unit potential and the other cathode
and all the anodes are grounded.
Thus we may calculate the value of induced charge q; on either
the anode plane, on one particular anode or on one cathode as
9: = — QF.
where Q is the total charge due to the positive ion cloud at position x,y.
The movement of the positive ion cloud along'a field line from the avalanche
anode to the cathode, will cause the induced charge to develop with time
and this situation will also be considered.
Referring to Fig. 3.1 we shall simplify the analysis by
imposing the conditions s>>ra and h» s, where s is the wire spacing, r,
is the wire radius and h is the anode-cathode spacing. It is also
assumed that both the anode wire length and the lateral width of the
anode plane are large compared with the anode-cathode spacing. " In a
normal fine-wire chamber, these conditions are not unreasonable.
With these conditions in mind, the first situation may now be
considered:

a) Induced charge at connected anode wires.

- T)’ 1
y=h | = The equipotential and field
.P(X,Y) lines in a symmetric multi-wire
V=1 =; chamber may be described by the
! complex potential w(61 given by
y:—h . e

W= - K (cﬁs‘m ﬂ'z/s +\% , Ean. 1.

where K and V0 are real constants determined by the electrode
~ potentials.
Substituting x + jy for z and expanding the sine term, one

obtainss
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W= -K le‘j (Sim Tl’x/g cesh TT\‘]/S TJ COS’TF’C/S S‘H\LW‘J}S) + Vo. Eqn. 2.

Under boundary conditions, at the cathode, y=h and h»s,

therefore WL/ s > | , and the following approximation resultss:
. : Th 75

\/\/ = ”K Loj%umﬂ(l+dk>/g +Vo o -K (' /s ‘lOJl+J‘ "/s)+\/° .

The potential P is the real part of this equation and at the cathode

P =0 , hence:

O = "K(Trk/s - (ogQ) “+ V . Eqn. 3.

The complex potential W may also be written
W= "K log (&qe‘je) —f‘Vo y

where A is the modulus of the expression in parenthesis in Eqn. 2. and
8 is its argument.
It can be shown that 42 = '/9_ (@Sl\ ’2”7'\‘:[ /s — ¢oS 977.75)' Eqn. 4.

Now \/\/=-Kb>34 -Kj6e +V,. Eqn. 5.
Equating the real terms to P we have,

P= ._K(OJF\.{.\/O_ Eqn. 6.

Since we are considering unit potential on the anodes, then at the
surface P = 1 .

Now, substituting for A, expanding, and applying the boundary conditions

at the anode surface where x,y«s , x2 + ya = raas

- - Eqn. 7.
I = Kuj’m./s.wo. an. 7

Equations 3 and 7 may be solved simultaneously for K and V0 .

|
hence K = TrL”/S — (’03 2 s Eqn. 8.
Th/ + )

and Vo = [s 103 /2 Eqn. 9.

This -—l_on'ﬂ'—r,,L/s .

Substituting these for K and Vo in equation 1, an expression for the

complex potential W resultssi

'ITk/S — L@ﬂ 02 Stn (h.z/s Eqn. 10.
Thyo - log 2T+ /s

W =
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Also substituting for K and V0 in equation 5 together with
the expression for A from equation L4, the real part P of the complex

potential W may be written:

5
TrLfs — log{ 2 Cosh 20y ¢ - cos 20}
This — log 2w /s .

P

Eqn. 11.

The imaginary term -KjO, of equation 5 describes the stream-
lines of the system,
where tan © = cot ’ﬁ'x/s - Ganl Trj/s .
Equating the imaginary terms and substituting for 8 in equation 5, an
expression develops which describes a stream-line starting at the anode
wire and terminating at the cathode thus:
tanh 77’\‘1/5 = ten x . tana ﬁ}x/s , Eqn. 12.
where r_cosa and rasina are the cartesian coordinates of the inter-
section of the stream-line with the anode surface.
For regions away from the anode plane where y>s, the tanh
term in equation 12 becomes near unity and equation 12 may be simply re-

written as

o= T (1= 2%%) . Eqn. 13.

As tanh "Y/s nears unity, the relationship betweena and x
becomes independent of y and the stream-line runs parallel to the y axis.
| Equation 13 shows clearly the linear relationship between the
angle a at the anode surface, and the lateral position of the field

line near the cathode (Fig.3.1).
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b) Induced charge at individual anode wire

(v=h,x=0) Ay=h,x=00)

P(x,y)

Ciy=o0.x=-co) /A // /

ms

D (yr-h,¥=0) E(y=-h,x=<c)

W(u,v)

This problem is rather more complicated since the potential P
is due to an array of line charges which are not necessarily of equal
magnitude, but are of equal spacing, s, along the x-axis. The analysis

may be simplified by using the mapping function:

co - 1/L-hJiIT =IJ6 Eqgn. 14.
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Substituting x + jy for z, we obtain

Tz /a1 Tx
W = - & /;2 simwj/gt\ +J€. /'2)"'605 ﬁS/Q_L . Eqn. 15.
= A -+ J v
In equation 15 it can be seen that by inserting y = th that

all zero potential points on the upper cathode plane, map into the =-u
axis and all zero potential points on the lower cathode plane, map into
the +u axis, with the particular points, y =h, x =0 andy = ~h, x =0
occurring at u = =1 and u = +1 respectively.

Similarly, by inserting y = O, points along the x axis map
into the v axis, with the x,y origih occurring at v = 1.

A situation now exists to which standafd image theory may be
applied, and by>considering P at the origin x,y = 0, a complex pétential,
W, may now be writtens

W= - C.Loa(w—J) + C, ij<w+~j)’ Eqn. 16.

where C,] is a constant determined by the line charge magnitude.
i s Y18
We may now revert to the z plane by substituting J e
for w in equation 16 and manipulating.

Thus, W/ = L"j coth '”’2/4k . Eqn. 17.

By substituting x + jy for z and by further manipulation,

W = C', L(@ ic»sL"Ti/Qk + cos ﬂ:ﬁ/o.kti + C,Cﬁ, Eqn. 18.

cesh Tx /o) — cog ™3 fa1 J
where tan¢ = —sin 1Y /2'\/3‘, nh /2] .

At the anode surface where x,y « h, the field lines are nearly radial

and the expression for W may be simplified to the following:

\/\/ = C, (.e:s 4'L\’/ﬂ".‘- - J Cl e , Eqn. 19.

]
where v = ('x_"+32)/2 and {:.:,_,;Q: 3/3;_
We may now consider the potential P due to an array of

(2¢ + 1) line charges, which is given by
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£
P = g-é Cnbn Eqn. 20.
where
( coshTT [;c—“f\@/gk o+ cosTy/y 12
L«m = occj ¢osl~ 'TT(x-"hS)/,?L_ — (oS ﬂ-b/ak . Ean. 21.

Now, the constants Cn may be determined by the potentials of
the anode wires. Provided ra<< s, the wire surfaces may be considered
as equipotential cylinders, coaxial with the line charges. Thus the

potential of the mth wire is given by letting x = ms and y = O

> Con Lvom . Eqn. 22

a A PV Lij{cosk"“(“’“'“)/;zk + l}'/‘* Eqn. 23.

then P,m

il

cosh MsCm=")/5, |

The special case for me where n = m must be considered

differently,

I PR T TN
cosl. T =mDfop —cos TY /21 .

Eqn. 2k .

Now, by expanding the cosh and cos terms and putting x - ms = Ax,

To

then when (sz+dz>]/2 = y

[_,MM = Loj a.k/n_ﬂ\ ] Eqn. 25.

In order now to calculate the charge induced on the kth anode
wire, say, we must apply the original theorem by placing Pk =1 and
P:n =0, for m # k. Thus the constants Cn are obtained as the solution
vector of the matrix equation
P'm.: Zc'anm, Eqn. 26.
with the input vector Pm as given above, The charge induced on the

kth wire is then

_p ____2 Con L Eqn. 27.



35

c¢) Induced charge at the cathode

y
hT V=1 This case can be treated in a
y=h|
' .P(x,y) similar manner to case a). A
P ol —_ . ‘—? suitable complex potential, W,
i has been chosen as
y=-h
-

) ' W = "Ktojslf\w% 'JEQZ +Vo. Eqn. 28.
where K, Eo and Vo are real constants determined by the electrode
potentials. The additional constant E0 has been added such that the
equation 28 may fit this slightly more complicated situation.

By similar manipulations to those in a) above, it is possible
to equate the real terms of equation 28, to the potential P. Then in

general terms the following equations may be written:

P = - k'((oj s + %‘5/5) + on + Vo , Eqn. 29.
for ﬂ:j/s >,
and P = =K Loj(%/s)(xz+dz> +E°J -)-\/o , Eqn. 30.

for X, Y LS.

Now by applying the boundary conditions, the constants may be
evaluated. Thus if one cathode, at y = h, is at unit potential and the
other cathode and the anode wires are grounded, three equations can be
formed,

| = "‘k( l.eﬁVZ + ”H‘Is) + Eok + Vo Eqn. 31.
, (P-=| when \Lj-.::k)

O = —K((-OS Yo + f'\r"‘fs) - Eoh + Vo Eqn. 32.
(P=O when y=- H)

O = -K LGS 77'1':%3 +V, Eqn. 33.

<P=O at (:r_‘+32>'/2 = "rq).
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In equation 33 the term Eora has been removed. This is in
order, provided Eora<? V,, and this condition is equivalent to ra/h <V,.
Substitution of normal values shows this to be adequately justified.

By solving equations 31, 32 and 33 simultaneously for K, E0
and VO and substituting in the expression for W (equation 28) we find

that the real part P is given by

‘o
- _ lag2r/s — lagfa(coshomy)s — cos2mx/o)}
F ‘7/3‘\ 2(M s — log 27 Tals) Eqn. 3h.

3.4  Time Development of the Induced Pulse

As the positive ion cloud moves away from the avalanche region,
the induced charge will develop With time. If we consider a chamber
with anode potential Va and cathode potential zero, then from equation
10 the expression for the complex potential W is

Tr‘\/s —_ (.o‘jas‘ln. TTZ/S
This — log 2T s

W =V,

Eqn. 35.

The real part of this equation which defines the equipotential
surfaces is given in equation 11 and by differentiating this with respect
to x and y, the resultant field intensity E may be obtained.

Thus,

- I
o Ve, ! { cosh 270 4 eos®T ) g 36,
N1 = S/ log 2™ s [ cosh 2TY[s —cas # T

Now a positive ion created near the x,y origin at the surface
of the anode wire at coordinates r_cosa, rasina, will drift along the
field line given by

Gnh Ty = tan ot tan T=yg (Equation 12)
and the x,y coordinates as a function of time t can be calculated

progressively, numerically by solving simultaneously the differential
equations:

e S
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where 4 is the positive ion mobility,

and

Eqn. 38.

CLJ = t'cu\ >'4 { Cosk%d/s }1

lx cos 1T:c/s

with initial conditions that at t =0, x = r cosa and y = rasina.

When substituting E in the velocity expression pE/s, there
emerges a natural unit for time sa/'p.Va = TO, say. For convenience in
calculations, all times have been normalised to this unit. For similar
reasons, all distances have been normalised to the anode spacing s.

3,5 Effects of Pulse Shaping

Throughout this theoretical discussion it has been assumed that
when a charge was induced on a chamber electrode, this electrode did not'
change in potential. Any change in potentials would introduce direct
capacitive interelectrode coupling and would render invalid the present
arguments. It has been assumed therefore that charge sensitive pre-
amplifiers would be used wherever signals were taken from the chamber.
Thus all useful electrodes would be virtually earthed, and other
electrodes, not used for signal pickoff, would be either directly
earthed or heavily decoupled.

The output of a charge sensitive preamplifier of conversion
gain 1/C is a voltage signal v(t), and

v(t) = - 4/c , ‘ Eqn. 39.
where q is the input charge and C is the feedback capacitor.

Calculations have been extended to include the effects of pulse
shaping in a main amplifier. Here non-interacting single integrating
and single differentiating filters, of equal time constant T, have been
assumed, and the final output Vo(t) of such filter network can be shown

to be

t
‘V_o(t> = —/‘ “U'(t’) If\(t—tl) OUCI , Eqn. L4O.
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where h(t) is the impulse response of the system. The peak height Vo
of the output signal may be obtained from this formula.

The impulse response for the simple filters above is given by

k@:) = e & (l -t T. Eqn. 41.

Similar networks have been analysed in more detail in a
previous thesis(BB.

Calculations and graphical illustrations have been simplified
by using the normalised filter time constant T/T0 where T, = sa/pVa,

the natural unit of time previously mentioned.

3.6 Effect of Finite Distribution of Charge

The calculations for induced charge on an individual anode wire
were extended to take account of the finite angular distribution of
charge which will inevitably occur in a practical system. This
extension was not difficult to include, although it was laborious,
involving the summation of the individual induced charges due to a range
of positive ion trajectories centred upon the méan initial angular
position a. To compute one point on a curve relating angular position
to induced charge for these extended calculations took about ten minutes,
and we were indeed fortunate in being on line to a Cyber /2 computer
which could be used during off-peak periods.

A uniform distribution spreading around a fraction f of 29r
of the anode wire circumference has been assumed, and as f increases,.
the dependence of the induced charge magnitude upon the angular position
o« of the centre of charge (and hence the lateral position x of the
ionising radiation) becomes weaker until at f = 1, where the avalanche
completely surrounds the wire, the two are no longer interdependent.

In later calculations, when considering the induced charge on
the cathodes, a Gaussian angular distribution, which was perhaps more

realistic, was assumed. By this method computations were performed
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for several points about a« (the initial angular centre of charge) for
various weightings of q0 (the positive ion charge), according to the

formula

) o - ('>‘~'-¢4)‘Zzo;j'1
P(“) = Jared) = ¢ Equ. L2.
where/O (a')da' represents the initial positive ion charge in the
angular range do', and(Zl is the standard deviation of the distribution.
In addition to the angular spread there must also be some
radial spread in the initial positive ion distribution, since the ions
are not all produced at the surface of the anode wire. However, one
can visualise this effect to be quite small. Even longtitudinal
spread in the electron cloud, due perhaps to the initial photoelectron
range and further diffusion effects, would cause a greatly reduced
spread of positive ions in the avalanche region because of the very much
lower positive ion mobility. Calculations show that for an electron

drift velocity of 4 cm./ps.(66

and a typical electron cloud spread of

.5 mm. after diffusion (section 5.9), then the electron collection time
will be about 12 ns, and this will result in a radial spread of positive
ions near the anode of only 40 wm. (assuming V, = 2.5 kV and p = 146
cm?/Vs - See Chapter 5). In fact calculations with the present model
for induced cathode pulses have shown that the ratio of cathode signals

is very insensitive to the radial position of the ions at the anode.

3.7 Theoretical Predictions

In later chapters, when experimental results are illustrated,
it is intended wherever possible to compare these with theoretical
predictions calculated for the same system parameters. For the moment,
however, it is useful to look at some specific examples of the effects
of localised avalanche on the induced charge on the anodes and cathodes

of a chamber, and to show how in theory, these results are affected by



shaping time constants and by differing amounts of avalanche spreading.
Theoretical results will be shown for a chamber having h/s = 2.22 and
ra/s = 2.5.10‘5.

The signal amplitude from the preamplifier connected to the
sense anode wil} be termed Vg whilst that from the preamplifier connected
to the avalanche anode will be termed Vye

Vg will of course be dependent upon the positive ion charge
magnitude Q and therefore, for the purpose of comparing experimental and
theoretical results, we have chosen to calculate the ratio vB/vA, which
is energy independent. vy is nearly an order of magnitude larger th;n
Vg because it is mostly due to the full electron charge -Q collected
from the avalanche. The output from the A preamplifier is then
vA(t) = (-Q - & )/C , whilst that of the B preamplifier connected to
the kth anode is vB(t) = -%i/C. Inspection of these equations together
with that for Qe (equation 27, QY = -QPE) now shows clearly that the
ratio of vB/vA does not contain Q.

In Fig. 3.2 the theoretical ratio of pulse heights, VB/VA’
is shown for a chamber 'cell' spanning from xo = =,55 to X, = +,5s, for
three values of time constant T/T0 and zero angular spread. The
sensitivity of -VB/VA with Xo can be seen to increase as the shaping
time constant T is increased, but this is accompanied by increasing
non-linearity and assymetry.

The effects of finite angular spreading of the avalanche can
be seen in Fig. 3.3 where, for a time constant T/To = 1.5.10—1
(corresponding to 1 = 1.5 cm.Z/Vs at V = 2.5 kV and s = 5 mm.), curves
of -VB/VA are shown for rectangular distributions spreading afound %,
506 and 100% of the anode wire circumference. It is interesting to

note that some considerable positional sensitivity exists even when 50%

spreading occurs.
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The ratio of cathode pulse heights plotted against xo/s is
shown in Fig. 3.k4. The set of curves illustrates the dependence of
this ratio upon the initial Gaussian angular distribution of positive
jons. Standard deviations of 0°, 33’ and 60° are represented.
Absorption ma& take place above or below the wire and so two curves are
drawn for each value of U .

The isometric plot of the charge induced on a cathode P (x,y),
as a function of the position x/s, y/s, of the inducing charge is
reproduced in Fig. 3.5, and a similar isometric plot for charges induced
on a neighbouring anode is réproduced in Fig. 3.6. These provide an
interesting visual indication of the way the induced charge builds up as
the positive ions commence their journey near the anode.

It should be noted that the induced charge is always positive,
regardless of the direction of travel of the positive ions. Early -
workers(6, expected to see negative charges induced in a sensing electrode
when the positive ion cloud was moving away from that electrode. Since
positive signals were observed everywhere, it was incorrectly assumed
that angular localisation did not occur. A reversal of induced charge
polarity could be expected in linear fields, but in fields highly
concentrated around the anodes, such as we have here, some 10 to 15% of
the positive iﬁduced charge has developed before the positive ions have
moved very far, and this positive charge is induced on all neighbouring
electrodes. Soon after this, the positive ions are moving in a more
linear field, and then we see a slow increase in charge as ions move
towards the sensing cathode, but a slow reduction in the positive charge
when ions are moving away. We can therefore expect the pulse shape
also to be quite markedly dependent upon the position of initial

absorption.



=L

88

00

00

LU
00

o'

CcM

LT






Id
uZ

13
cr

ORO

46

11



L7

CHAPTER L.

EXPERIMENTAL DETAILS

L1 The Experimental Proportional Chambers

Several small multiwire chambers weré used throughout the
course of this work, and these were all of similar construction but
with differing anode and cathode structures. The chamber walls were
built up of clear perspex plates each with the centre machined out to
form a chamber cavity 8 cm. by 12 cm. and machined where necessary to
accommodate 'o' ring seals and gas ports as shown in Fig. L.1. The
centre section was milled to accept the anode support boards which were
made from single-sided, copper-clad fibreglass printed-circuit board.
The copper was etched away where necessary to provide isolation for the
anodes and to accept the high voltage resistors and coupling capacitors.

In the prototype chamber, the anode plane consisted of seven
gold-plated tungsten anodes, 15um. diameter, the inner five spaced
5 mm. and the outer two spaced 2.5 mm. Beyond these outer anodes were
two field reducing anodes also spaced 2.5 mm. and made from stainless
steel,125um. diameter.

In practice only the three inner anode wires were used to
.provide information. The remainder were incorporated in an attempt
to remove side effects and to ensure that the field around the three
active anodes resembled to some extent that of an infinite array. The
increase in diameter and smaller spacing served to reduce the field
around the ends of the array and thus prevent breakdown. This is now
an accepted technique with multiwire chambers, where breakdown so
readily commences around the outer wires at the higher voltages

necessary with multi-anode arrays. Electrical breakdown normally
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manifests itself, not in the catastrophic sense, but as a 'noisy’
background which is quite troublesome when operating at gas gains of
around 104.

In the prototype chamber the cathodes were spaced 8 mm. from
the anode, each cathode being wound with a grid of 125um. diameter copper
wires with 2 mm. inter-spacing. Both sets of cathode wires wefe at
right angles to the anodes.

The chamber was made gas-tight with the addition of two
windows of 6um. aluminised melinex secured to the perspex by double-
sided adhesive tape and mounted with the conducting surface inwards.

In all cases, chambers were connected to a gas flow system in which the
output flow rate was measured by a GEC-Elliott flowmeter and the input
flow was governed by a flow controller (G;A; Platon, Flostat). From
previous experience, the need for a well sealed chamber and gas flow
system was considered important. Small amounts of atmospheric
contamination cause a rapid deterioration in the resolution and
inconsistent performance. A non-leaking system also enables the use
of extremely low flow rates, an important consideration when an
expensive gas such as neon is used. The flow rate for these
experiments was 10cc./min.

Latef, the cathode plane was completely -removed and the outer
windows were used as cathodes. This increased the anode-cathode
spacing, and better resembled the theoretical conditions of large h/s
ratio, but bulging of the cathodes due to the slight internal gas
pressure caused a distortion of the field.

A large proportion of the experimental work was carried out
with the chamber of Fig. L4.2. This had an increased anode-cathode
spacing of 11.1 mm. Wire cathodes were replaced with plane cathodes

of aluminised melinex, thickness 6pm., and the outer windows were of
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6um. clear melinex. Gas bypass holes were drilled in the cathode'frame
to release gas pressure on the cathodes. Thus the outer windows bulged
but the cathodes remained flat. An inter-anode spacing of 5 mm.
made it possible to include nine anodes to give a better approximation
to an infinite plane.

With the prototype chamber some difficulty had been experienced
with gain variations along the anodes, probably due to uneven stretching
of these very fine wires, or possibly due to impurity deposits, and so
with the final chamber, the anode diameter was increased to 25um. (gold
plated tungsten). Winding of the anode plane was then carried out under
more hygenic, clean-room conditions and all parts were thoroughly cleaned
in iso-propyl-alcohol prior to final assembly. No problems of gain
variation were then apparent.

The proportional chamber was finally enclosed in a rigid
aluminium container, shown in Fig. 4.3 and in the photograph, Fig. L.3a,
which provided essential screening and supported the micrometer scanning
arrangement . The source could then be scanned across the chamber on a
sliding carriage in a direction perpendicular to the anodes. The source
position could be set to an accuracy of 10um. The whole screening
assembly was electrically earthed and mounted on resilient pads to
reduce microphony due to anode vibration.

Several different operating gas mixtures were used at
atmospheric pressure. These were argon + 10% methane, argon + 7%

methane, argon + 10% carbon dioxide, neon + 10% methane and neon + 10%

carbon dioxide. Argon mixtures were of high purity (H.P. grade
99.998&% purity), whilst neon mixtures were of counter purity (C.P.
grade = 99.9% purity). All were supplied ready mixed by British

Oxygen Co. Ltd.
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L,2 The Electronic System

L4241 General overview

A block diagram of the apparatus is shown in Fig. L.lk.
Normally, three chamber electrodes were monitored; the outer two
channels provided information from either the 'sense' anodes or the
cathodes, whilst the centre channel, which was always connected to the
'avalanche' anode, was used in an energy cancelling capacity (section
3.7) and also as an energy selection channel.

Charge sensitive preamplifiers were used in all channels and
were followed by pulse-shaping amplifiers from which, pulses in the
'sense' channels could be stretched prior to entering the dividing
circuit. The avalanche channel, connected through a single channel
analyser was used to provide a coincidence signal to gate a multi-
channel analyser, used to store data from the divider.

A NIM system of packaging was used to house and power the
electronic circuits. A photograph of the laboratory, showing the
complete apparatus, is givgn in Fig. 4.5.

L,2.2 Chamber connections

Two configurations of anode-cathode connections were useds:-
a) The configuration shown in Fig. 4.6 was used for looking at induced
anode pulses.. To obviate the need for high voltage components, the
anodes were at earth potential with negative e.h.t. applied to the
cathodes via an R;C; filtering network to remove e.h.t. ripple. The
three central anodes were earthed through 100M Nl carbon resistors and
coupled directly to the charge sensitive preamplifiers. All other
anodes were directly earthed.
b) When observing cathode signals, the configuration became that of
Fig. 4.7, where the two cathodes were earthed through 100M? resistors

and connected to charge-sensitive preamplifiers. A1l anodes,with the
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exception of the 'avalanche' anode,were taken to positive e.h.t.
through the ripple filtering network. The central ‘'avalanche' anode
was connected to positive e.h.t. via a 100MN resistor and coupled to
the charge-sensitive preamplifier with high voltage capacitors (2350fF .
6kVe) .

L,2.3 The charge-sensitive preamplifiers

The lowest signal level to be encountered in this work
occurred when looking at induced charges on the anodes situated at
x, = t2s where the corresponding signal level was found fo be about
twenty times lower than that of the avalanche anode. For 6kéV.
incident radiation energy and for a Zas gain of 104, this was equivalent
to about 105 electrons. With the choice of reasonably low noise pre-
amplifiers, noise was clearly not a problem and no unusual precautions
were necessary to reduce the noise below normal working levels.

The preamplifiers used were Ortec type 118A. The typical
equivalent noise charge, when used with a 2us shaping amplifier, was
specified as 175 rms electrons with about L additional electrons per pF
of external capacitance. The coaxial cables coupling the chamber to
the preamplifiers were made as short as possible (12") to keep the
external capacitance to a minimum and the total anode wire and cable
capacitance was then ~ LOpF, resulting in an anticipated noise perform-
ance of 335 electrons. When using cathode readout, the total capacitance
increased to -~ 80pF and a noise performance of 495 electrons was expected.

.Measurements showed that the preamplifiers were in fact rather
worse than this but were just within the Ortec basis of warranty of
220 rms electrons + L.L electrons/pF (396 electrons and 572 electrons
for anode and cathode couplings respectively).

Absolute measurement of charge, and chamber pulse simulation

was by means of a precision mercury relay pulser and charge termination
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(Fig. L.4), the output of which could be set accurately (<1%) against
a digital voltmeter and which was linear throughout its range to within
2% of full scale.

L.,2.4 Pulse shaping

Normally, commercially available pulse shaping amplifiers contain
a rather complicated system of filtering, containing one or two
differentiating filters and a series of integrating filters. The effect
is to produce a pseudo-Gaussian response, which, whilst giving a slightly
better noise filtering characteristic, is more difficult to accurately
analyse than the simple case of a single differentiating, single
integrating pair of non-interacting R;C; filters, for which the impulse
response is described in section 3.5. The shaping amplifiers used here
have been specially designed to have this latter impulse response and a
circuit diagram is given in Fig. 4.8. The circuit includes a pole-
zero cancellation network to compensate for the preamplifier roll-off
characteristic. The facility was included for switching over a range
of time constants from .S5us to 25 us.

L.2.5 Pulse stretchers

The times to maximum of the induced pulses differ between
various pickoff points in the chamber, and strictly, pulse stretchers
should be used-prior to division, in order that the maximum amplitudes
may coincide. The function of the pulse stretcher is to sample the
rising edge of the induced pulse up to its maximum, and then to
accurately hold this maximum for as long as it takes the divider
circuitry to function. There are two important yet conflicting
requirements in the stretcher design. Firstly it is important to
preserve good linearity and it is therefore desirable to use a design
employing high gain operational amplifiers. Secondly it is necessary

that the stretcher should have a fast rise time, so that the pre-shaped
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pulse is not distorted.

By the use of moderately priced high slew-rate operational
amplifiérs, it was possible to achieve excellent linearity, Fig. 4.9,
but the rise time was O.7use. Further improvements in rise time were
at the expense of degraded linearity. However, this was certainly
adequately fast when using > 5us shaping, where the modification to
the rise time would be less than 1%.

The circuit diagram of the dual stretcher is shown in
Fig. 4.10. The second stage (OA2) performs the stretching operation

by charging the feedback capacitor 02 through resistor R2 and diode D2.

As the waveform goes through its maximum, D, cuts off, leaving 02

2

charged. D1 prevents reverse saturation of OA The voltage across

2.
C2 is buffered and presented to the output by the high input resistance

voltage follower OA To preserve a 1:1 gain relationship it was

3‘
necessary that the input differentiating stage OA,l should be equal in

time constant to the integrating stage OA2; lee. R1C1 = R2C2. The

natural decay time of 02 due to circuit loading effects was about 50 ms.,

but this was cut short by the FET switch across C,, so that the final

2
output was a flat-topped pulse of adjustable duration 3 - 30us. The

gating pulse delay was generated by the dual monostable (74221) fed

from the compérator OA. and the amplifier/inverter O.l\.)+ which sensed both

5
inputs.

In practical use, the benefits of using the stretchers are
very small. The pulse shape has been computed for induced cathode
signals with two extreme values of a = 1:900. The calculations were
for a chamber having s = 5mm,h/s = 2.2, eshets = 2.5kV, and filled with

2/Vs(62). From Fig. L.11, where

90% argon/10% methane (p = 1.6 cm.
normalised times and amplitudes of the induced cathode pulses at

maximum are shown, it can be calculated that the true ratio of
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maximum pulse heights, assuming that stretchers were used to permit
the times to coincide, is 1.426, whereas the direct ratios at the two
points of maximum are 1.397 and 1.460. The differences are - 2.0%
and + 2.9, Experimental evidence in the photograph of Fig. L.12
shows the differences to be rather less than those calculated above for
the same conditions. It is interesting to note, however, that
experimental times to maximum are in good agreemeﬂt with the
theoretical times shown in Fig. 4.11, which have been calculated
assuming that T = 62.5 us.

In fact the stretchers were not developed until quite late in
this work program, and many of the earlier results are therefore subject
to an approximate error of *+X%.

L.,2.6 The divider

For the experimental work that follows it was necessary for the
divider to perform two functions. When processing information from the
anodes, the function (A - B)/(A + B) was sometimes desirable in order
to provide a symmetrical response about the central anode axis, whilst
for all other conditions the ratio A/B was used.

Addition, subtraction and inversion were performed by a
switchable combination of LM318 operational amplifiers (Fig. 4.13),
chosen for théir high slew rate (50V/us), which would not appreciably
modify the input pulse shape. The divider was an Intersil 8013
integrated circuit multiplier/divider, which performed the function
Eout = 10Z/X. This was found to be an excellent low cost device which
divided with a typical mean accuracy (including non-linearity and
offset errors) of 1% of full output. The output was able to respond
rapidly ( < .5ps rise-time from =10V to +10V) but was subject to a
settling time of 1us.

To avoid feedthrough of transients which occurred during the
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settling time of the divider it was necessary to strobe the output some
time after the inputs had been applied. An LM311 comparator was used
to sample the X input and, above a certain threshold level, to produce
an output which would trigger the first delaying stage of an SN 74221
dual TTL monostable. The strobe pulse was generated then by the second
stage of this device which was interfaced by two discrete stages to a
TIS73L fee.t. switch, situated between two LM318 buffering stages.

The operation of the circuit was simply that two pulses presented to
inputs X and Z would be divided, and the ratio 10Z/X would appear at the
divider output and therefore at the first buffer output. Assuming now
that the level conditions demanded by the comparator were met, then after
some delay, the first buffer output would be allowed through the f.e.t.
gate and presented to the final output by way of the second buffer.

The delay and strobe width could be adjusted according to the shaping
time constant so that a brief sample was taken as the input pulses
reached their maximum.

L.2.7 Methods of readout

Information was recorded by several means, the most useful
being a Northern type NS602 256 channel analyser. For hard copy
numerical readout, this was coupled to a Teletype ASR33, and for a
pictorial cop& of the CRT display, a Moseley type 2D2 X - Y recorder
was used in conjunction with a Hewlett-Packard G2B null detector. 'The
NS602 linearity was set to be within 1 channel in 256.

Waveforms were éenerally observed by means of a Telequipment
type D75 or a Tektronix type 7403N/7A15/7B50 oscilloscope. Pulse
shapes were recorded photographically using a Shackman Super 7 Mk II
oscilloscope camera fitted with a Polaroid M2 film module and adapted
for use with the Tektronix 7LO3N. All recorded times were taken from

the Tektronix 7hO3N which had been calibrated and was accurate to better
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than 1% of full scale of the time-hse:pénges of interest.

L.,3 Radiation Sources

25

Most measurements were taken using an ““Fe source of Mn;K'
X-radiation (5.SkeV.). A source of strength 20mCi was chosen to give
a useful count rate after quite restrictive collimation. The source
was deposited on a copper disc of about 12.5 mm. diameter which was
supplied, sealed in a container with a .625 mm. thick beryllium window,
by the Radiochemical Centre. A stainless-steel mounting was made

(Fig. 4+14) to give protection from the source and to facilitate

attachment to the collimator.

% FE-55 SOURCE
§§% //////RLE.TYPE [EC1335.

7
14-5 mm
V
-] l<—17-5mm
125 =
MATL.-ST. STEEL FIG. 4,74 — FES5 SOURCE
SCALE - X1 | MOUNTING.

A second source of radiation was a Centronic (20th Century)
sealed X-ray tube fitted with a pure aluminium target which emitted
characteristic radiation at 1.5keV. through a 75um thick, 3 mm. diameter
béryllium window. The source was mounted above the collimator in a
sealed aluminium and perspex container, and helium was flowed around
the tube and through the collimator to improve the X-ray transmission
to the chamber. Fig. 415 gives more detail of this assembly. The
source was operated at 1.9 kV. and 500pA emission current ffom'an emission

stabilised power supply.
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L,4 Collimators

The phenomena of angular localisation may only be observed
with effective collimation; the effect is quickly overshadowed as the
beam 1s broadened. It is therefore important to use as small a
collimator hole as‘possible, consistent with preserving a workable count
rate. |

Several collimators were manufactured in brass to the outside
dimensions shown in Fig. L4.16, but with differing hole diameters in the

range 1.5 mm. to 100um. Machining problems and hole alignment

difficulties were becoming significant at very small diameters and 100um
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diameter was the smallest achievable with the available workshop
equipment. There were also difficulties of very low count rate,
below background level, associated with holes of this diameter, and
so a 100pm. x 2.5 mm. slit collimator was finally adopted, which when
aligned accurately with the anode wires, overcame this latter problem
without broadening the beam along the working axis. Fig. 4.17 shows
the pertinent dimensions of the source-collimator assembly and its

location with respect to the chamber.

T T 101 {1
14-5
\f

r

3 COLUMATOR

-npf TOP CATHODE

22
- ANODES
11-1
~i- BOTTOM CATHODE

FG 4,77 DIMENSIONS —rmm.

The modification of the collimator transmission pattern due
to non-linear absorption within the chamber is accounted for in appendix

I and the results have been applied in cnapter 5»
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CHAPTER 5.

THE INDUCED ANODE PULSE - EXPERIMENTAL RESULTS IN P10.

51 Experimental Conditions

All results reproduced in this chapter were taken using the
chamber with 5 mm. anode spacing and 11.1 mm. anode-cathode spacing.
The anode radius was 12.51um. The chamber electrical connections are
described in section L4.2.2(a). The flow gas was Ar/1O%CH4 at
atmospheric pressure and normal room temperature. Measurements were
taken using the .004 in. slit collimator.

5.2 Anode Pulse Shapes

After the induced anode pulse has reached its maximum, its
behaviour is of little importance so far as avalanche localisation is
concerned, but it is of academic interest to note the pulse shape which
is rather strikingly different from pulse shapes previously encountered
in proportional counters. This yields some interesting informatioﬁ
concerning the positive ion mobility during the later stages of pulse
development. With the 1.5keV source situated directly above an anode,
the induced pulses in a neighbouring anode were observed and photographed
from the oscilloscope with T = 10ps and T = 25us, and the photographs
are shown in Fig. 5.1. The prolonged constant voltage negative region
is indicative of a long period of cohstant negative slope prior to
differentiation, which may be explained by noting on the isometric plot
of induced anode charges Fig. 3.6, the effect of a group of positive
ions moving from the centre anode along the most direct field line
which runs perpendicular to the cathode. The induced charge undergoes
a gentle linear negative slope, and finally remains constant when all

positive ions are collected at the cathode. From the photographs, the
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collection time is about 360us.

The variation of potential P along the field line at x/s = o,
for y/s = 0 to y/s = 2.22 has been plotted from Eqn. 3 for the present
chamber, and is shown in Fig. 5.2

The near linear field region can be regarded as extending from
y/s = «22 to y/s = 2.22. In real terms 4y = 90% of h (=1 cm., for s =
5 mm.). Since the field in the remaining 10% of h near the anode is
extremely non-linear and high ion drift velocities will occur, then
considerably less than 10% of the total collection time will be spent
in this region, and in order to obtain an estimate of the ion mobility,
it is necessary to develop further the theory of section 3.4.

From Eqn. 36, at x = o,

I
E=- Yo k. {coskémﬂ/s +11'2
s cosh @MY/ — 1)

Ih (1= S/nctog amrass)
d A osh 2MY/e + 112
Now '/g Z% - /L;E = Ma K' ic s s + }

where K'

i\

s cosh 2Ty /s — |
2
In normalised terms, i.e. time normalised to s /uwa and distance

normalised to s, dj

Te = K, coth Tr:j

f;amkwg c(j =/I<, clt

L&jCOSL\rf\”\_ - chjCoS]r\,lTﬂ\ = ﬁ}(. Ee ,

where tc is the ion collection tine.

Now for Trh > | > T+a ,
Ee= Vi, (Th-leg2).

Therefore at x = 0, a = 90°,

o= U (h= ).

Inserting actual values, h/s = 2.22, ra/s = 2.5

then K,l = 282
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and tc/To = 7.08.

If tc = 360ps. (from Fig. 5.1)
then To = 50.8us.,

therefore for Va = 2.7kV,

=182 cm.?/Vs.

This value is in reasonably good agreement with the mobility

(62 ieee 16 *.2 Cm-a/VS, but is in

determined by Gott and Charles
rather better agreement with that obtained by Schultz et al.(69, whose
experimental measurements indicate a value for p of 1.9. This would
indicate that charge transfer has taken place quite early in the pulse
férmation and the carrier is methane.

It is therefore not altogether clear from these rather
insensitive measurements what the nature of the ion is, but for the
purpose of comparing experimental results with theory, the mobility
figures of Gott and Charles, listed in table 5.1, will be applied
wherever possible.

Since the field is known to be very nearly uniform over most
of the chamber, the flatness of the differentiated pulse must be an
indication of the constancy of the positive ion mobility during this
time.

As one would expect, a change in time constant of the shaping

amplifiers affects the initial pulse shape and also the decay time after

total collection, but does not, of course, affect the collection time.
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Table 5.1

Gas ) - c:m.as-’V-l Carrier
A/CHL  90/10 . 1.6 £.2 I
.A./CHLP 25/75 2.3 T bt
Ne/CH, 90/10 4.0 +1 Ne®

5¢3 Gas Gain and Choice of Operating Point.

The gas gain has been determined for several values of Va and
the curve is given in Fig. 5.3. The onset of saturation occurred at a
gain of about 7.104 where the 2:1 ratio between photopeak and escape peak

55 55

of an ““Fe spectrum began to reduce noticeably. When using Fe as a
source of radiation (5.9keV) a normal operating gain of about ’IOLlr was
chosen, (Va = 2.5kV). Under this condition electronic noise was not
troublesome (see section 3.2.3) and the operating point was well below
any signs of saturation. Where aluminium-K X-rays were used, (1.5keV),
the gain was increased by a factor almost 4 (Va = 2,7%V) to remain well
above noise, and this condition was alsc clear of saturaticn. Hence
the two 1imit;ng criteria were metj to stay well clear of electronic
noise and to avoid gas gain saturation, which it was thoﬁght would

cause the avalanche to spread around the wire.

Seit  Traversing the Chamber.

1

The position of each wire was located with respect to the
micrometer scale, by observing the count rate frbm that pérticular wire
whilst scanning across the chamber with the source and 004 slit
collimator. Typical results are shown in Fig. 5.4(a) where the rapid

fall off in count rate on either side shows the sensitivity with which



FIG 5,3 -GAS GAIN VARIATION WITH ANODE VOLTAGE



the 'cell' boundaries can be detected. The mid-point then indentifies
the avalanche wire position.

Another method used to locate wire positions was found to be
less sensitive, but is briefly mentioned here.

Observation of the gas gain across the 'cell' gave a reasonably
good indication of its boundaries. Clearly, as the 'cell' boundary is
crossed the avalanche wire becomes'a sense wire of induced charge and
there is a reversal of charge poclarity. Diffusion effects in the
boundary region tend to mask the changeover point, but the mid position,
between the two points can be determined accurately. Fig. 5.4 enables
this method to be compared with the former method. Agreement between
the two methods is found to be extremely good.

It is interesting at this stage to note the variation in gas
gain as the source traverses the three centre anodes with those anodes
connected together. Fig. 5.5 shows the gain remaining near constant
over the centre anode 'cell', but imﬁediately increasing and remaining
less constant beyond this region as chamber end effects become apparent .
(note vertical scale). Presumably the difference in gain from the two
side wires (~ %) is due to non-uniformity in wire diameter. This
should not affect results given later where ratios of direct to induced
pulses have béen taken to eliminate energy dependence and gas gain
variations.

With the positions of the central anode wires established, the
induced charge in wires A' and B could be examined experimentally.
Measurements of -VB/VA for various positions of the 55Fe X-ray beam,xo/s,
are shown in Fig. 5.6. The filter time constants used were 10us and
comparison is made with a theoretical curve drawn for T/T0 = A5 (=T =
10us at V_ = 2.5kV and p = 1.5 cm’ /Vs).

The curves compare favourably over the range xo/s = =3 to
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+03 but beyond these points thelexperimental curve falls off rapidly,
accompanied by a severe degradation of the energy spectrum photopeak
resolution. Providing the predicted field pattern near the 'cell!
boundary remains undistorted, and there is no reason to suspect
otherwise, then this fall off must be attributable to the effects of
imperfect collimation, to the extent of initial ionisation and also to
electron diffusion. The «O0Lkin. slit collimator provides a beam width
of about 200um. at the anode plane which increases to 273um. at the
bottom cathode. This alone is unlikely to cause trouble except beyond
xo/s = 48, The extent of initial ionisation is determined by the range
of photoelectrons produced. For 5.9keV X-rays in argon, the mean photo-

(33

electron range has been estimated as 59um. , which in this instance
may be neglected. Diffusion effects are more likely to be troublesome
and an account of this is given later in section 5.9.

For each electron diffusing into a neighbouring cell, the anode
of that cell, which previously was a sense anode, will collect an
avalanche, which for 6keV radiation is approximately 1/200 times the
size of the total avalanche. Now, since the total avalanche was about
ten times the size of the induced charge, it becomes clear that 20 stray
electrons will completely negate the induced positive charge. Hence
the experimenfal curve of Fig. 5.6 becomes very sensitive to lost
electrons.

The spread due to ccllimation and initial photoelectron range
can be greatly reduced by using 1.5keV incident radiation from the sealed
aluminium source, whereby absorption will take place very close to the

55Fe.

upper window. Fig. 5.6 shows these results alongside those for
It is possible that some lateral shift in the collimator position of
about 100um. has unwittingly occurred whilst using the Al source.

(Unfortunately the sealed aluminium source was available for only a
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short time and it has not since been possible to repeat these results.)
If this were the case, then the two experimental curves would be almost
superimposed and there would be little difference in the upper turnover
point, where a reduction in angular spread due to absorption nearer the
window, would be most influential. This would indicate that diffusion
is mostly responsible for angular spreading, and that initial photo-
electron range and collimator spread are only minor contributors.

5.5 Beyond the Cell Boundary

55Fe source beyond .5s provides a convincing

Moving the
demonstration of the angular localisation effect. Within the transi-
tion region .4s to .6s, the avalanche transfers to anode A', with a
simultaneous reduction in induced charge on anode B. From .6s to 1l.4s
there is again good agreement with theoretical predictions (Fig. 5»7)*
5.6 The Position Signal

Utilising the information from both sense anodes provides
a more sensitive, more linear response when the quantity r = (v* - v*)/
(Vg ~ v*) + constant is plotted against . The response is also
symmetrical about x* = 0 and independent of X-ray energy. The constant
is a do voltage added after division to prevent the output of the
electronics passing through zero at x* =0. The output would otherwise
have been incompatible with the multichannel analyser.

The resulting linearity is demonstrated in Fig. 5*8(a) where

55Fé X-ray

the centroid of the distribution r is plotted against the
source position. The error bars signify the accuracy to which the
centroid of r could be read. By this method useful positional informa-
tion could be obtained over 70 of the cell width with acceptable
linearity.

5.7 Resolution

An estimate of the positional resolving power is of importance
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100 %

FIG, 5,7—

COMPARISON OF EXPERIMENTAL
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-Va*/* FOR VALUES OF
EXTENDING BEYOND THE CELL
BOUNDARY. THE EFFECTS OF
ANGULAR SPREADING ARE SHOWN.
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if the instrument is to be considered for use as a position sensitive
detector. This may be obtained from the pulse height distribution of
the position signal r, shown in Fig. 5.8(b) for an X-ray beam position
xo/s =.2s The theoretical contribution due to the collimator has been
computed (see Appendix 1) for the collimator s;tuation given in section
4.4 and assuming a mean-free-path for absorptién of 5.9keV X-rays in
argon/10% methane of 2.3 cm. This contribution is shown superimposed
on the pulse height distribution, but for ease of illustration, the two
curves are not normalised in area.

The full=width at half-maximum of the positive signal is 320um,
the calibration for the x-axis being taken from the experimental
measurements of the centroid of r (section 5.6). There are several
contributions to this resolution. Firstly, the fwhm of the collimator
distribution is 180um. Secondly, by replacing the chamber anode signals
by precision pulses, the electronic noise contribution was measured as
60um. fwhm. The remaining contribution  260um. must be comprised of
other factors within the chamber, one of which is probably angular
jitter in the centroid of the electron cloud arriving at the anode, due
to statistical fluctuations in the shape of the initial 200 electron
group. Another factor must be due to initial absorption in the central
non-linear region of the chamber (section 5.9).

By regarding field imperfections, statistical jitter and to
some extent, the electronic noise, as being fundamental and unavoidable,
but considering the collimator distribution to be due to the experimental
method, a resulting spread of 264um. fwhm is potentially achievable,
which in terms of wire spacing s, amounts to an rms resolution better
than s/40.

58 Increased Gas Gain

Proportional counters and chambers become non-proportional when
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the gas gain is increased to such a point that high concentrations of
posttive ions in the multiplication region seriously reduce the local
field and modify the field distribution. The expected result of this
is a defocussing action upon the electron group causing it to spread
around the anode. This is in contrast to the normal situation in a
proportional chamber where the change from linear to coaxial field near
the anode plane introduces a strong focussing action. Further spreading
around the anode may be due to the increased production of ultra-violet

(63, which, unaffected by the field, will broaden the avalanche.

photons
The effect of increasing the gas gain upon the localised avalanche has
been examined experimentally and is shown in Fig. 5.9 where —vB/vA is
plotted against the beam position of the bkeV source for three values of

4, and 16 X 104. The latter of these is well

gas gain, 104, 8 x 10
beyond the saturation region (see Fige. 5.3). The gradﬁal levelling=-off
of the curves is noticeable as the gain is increased and comparison
with the theoretical curves for various assumed rectangular distributions
around the anode wires (Fig. 3.3), indicates a spread of between 50%
and 100% at the highest gain. The persistance of the localisation

phenomenon, however, is indeed surprising.

59 Discussion

The measurements presented so far have shown to some extent
the degree of angular localisation which can be achieved providing the
gas gain is within normal operating regions. The results agree
remarkably well with theory, but although it is clear that spread is
between 0% and 50% of the anode wire circumference and is probably
nearer to 0%, it is difficult to draw any further conclusions at this
stage. Nevertheless, useful positional information can be obtained
over at least 70% of the cell width by using the position signal r.

The results have been taken with a system shaping network of
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10ps differentiating and 10us integrating time constants. Similarly ,
good agreement with theory exists at other time constants in the range
0.5 to 50us but in the interest of space, these are not presented here.
It is noticeable however that the slope of -vB/vA increases rapidly with
time constant, but appreciable assymetry occurs above 10us.

It is convenient that with typical low noise charge sensitive
preamplifiers with uncooled single field-effect transistor front-ends,
and 10§Qdetector bias resistors, the noise minimum occurs at about 10us
time constant. This is shown in Fig. 5.10 where the theoretical
amplifier noise performance curves of Smith and Cline(64 are reproduced.
(The noise contribution of a 10811 bias resistor has been superimposed).
A choice of time constant of 10us for the present system with 10852 bias
resistors is therefore near optimum.

Probably the greatest limitation of the chamber, which has not
so far been mentioned and is not accounted for in the theory, is the
increased spreading of the avalanche which will occur when absorption
takes place near the anode plane. The siﬁple theoretical model assumes
that X-rays are all absorbed close to the upper or lower cathodes,
where the stream lines are running parallel to one another. Positional
information will however be degraded when absorption occurs in the non-
linear region of the chamber. Fig. 5.11 shows the equipotential
pattern near the centre of the present chamber and the non-linearity is
becoming quite marked below ¥/s A  «3. The non-linear central region
therefore occupies ~~ 1% of the chamber depth. The non-linear region
is only slightly affected by the anode radius (ra/s) but its depth
could be made much less significant by increasing the ratio of chamber
depth to anode wire spacing h/s. For an absorption mean-free path p > d
(the chamber depth) the 1% non-linear region also represents the percent-

age of events occurring in this region, but this percentage may be
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reduced by using low energy radiation of shorter mean-free-path where
almost total absorption takes place above the non-linear region.

Experimental attempts to avoid the non-linear region by using
the aluminium source (1.5keV) to encourage absorption near the upper
cathode have shown little improvement, presumably because electron
overspill tends to overshadow the effect, particularly between x/s =
.3 and x/s = .5.

The curves of - VB/VA depart from the theoretical curve at
X = JAs (=2 mm.) by about 10% and this would correspond to a mean
overspill of 2 electrons into the neighbouring cell. Since there are
some 200 electrons in the initial cloud, this gives an indication that
the diameter of the cloud, just before it is deflected inwards by the
field lines, is about 1mm.

It is useful now to obtain some estimate of the radius of the
diffused electron group at y = .4s ( = 2 mm.) after it has travelled
9 mm. under the influence of a linear field E V/cm.

From Fig. 5.11 E = (.5 X 2500)/.9 = 1388 V/cm.

According to Einstein's formula(jj, the rms radius of an

electron group Uy , having started as a point source and travelled a

distance d cm. through a uniform field E.V/cm. with a drift velocity

W em/s, is givén by Ox = (ol D'C)'h‘
-4 _d
where T = W = oE s.,

D is the diffusion coefficient
and p is the electron mobility.

may be written in terms of the 'characteristic energy' ék::
D oL !
0 = (;l //.A_ ° /E>/a“ CM-,

where
€= D, .



95

Inserting actual values, B = 1388 V/cm., d = .9 cm.

€. =2.keV at 1.83Vem " torr "

(determined theoretically(51 for A/1O%CH4 )

The rms radius, therefore, after transverse diffusion is,

0% =~ .5mm.
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CHAPTER 6

THE INDUCED CATHODE PULSE - EXPERIMENTAL RESULTS IN P10

61 Experimental Conditions

The chamber geometry for these experiments remained the same
as tﬁét described in section 5.1, but the electrical configuration was
modified to that described in section 4.2.2(b). The flow gas was argon/
10% methane at atmospheric pressure and room temperature. Measurements
were taken with the 004" slit co}limator.

6.2 Cathode Pulse Shapes

It would be expected from the isometric plots of section 3.7,
that induced cathode pulses would be similar in shape to the induced
anode pulses. Here the extensive linear field region results in a
pulse shape, after differentiation, having a region of constant
amplitude, which remains until the positive ions are finally collected
at the cathodes. The photographs of Fig. 6.1 show that this is indeed
so, but rather more information is revealed about the half of the chamber
in which initial absorption takes place.

Considering first the upper half of the chamber, and considering
only those events which occur at X = 0, it can be seen from Fig. 3.5
that after the initial fast rise in P the gradient quickly reduces to a
constant positive value. Conversely, in the lower half of the chamber,
although the initial gradient is much the same, this quickly reduces to
a constant negative value. The effect is shown clearly in the photo-
graphs where pulses due to events in the lower half of the chamber
actually pass through zero as the gradient goes negative.

Similar results at xo = 0 and T = 25us+ are also shown in

Fig. 6.1, but it is interesting to note the pulse shape, as X is
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increased to 5. The effect of the more devious positive ion route
is iﬁdicated in the plateau region, which is no longer constant. This
is an extreme condition where the positive ions spend some time
travelling almost parallel to the cathodes before turning directly
towards them.

When the photographs of Fig. 6.1 were taken, the source of

55p

radiation was e, but by using the Al1-K source it is possible to
observe the effects of unilateral absorption. The photo. of Fig. 6.2(a)
shows pulses from the bottom cathode after 25us shaping with the A1-K
source irradiating the top of the chamber at x = 0. The pulses are
solely due to positive ions moving away from the bottom cathode.

Fig. 6.2(b) shows two simultaneously occurring pulses from the
top and bottom cathodes after 10us shaping, for an event occurring in
the upper half of the chamber. The photograph was taken whilst the
55

Fe source was situated above the central anode.

6.3 Spectra of Cathode Pulse Heights

The photographs of Fig. 6.2(b) shows that for each chamber
event two different induced cathode signals are generated. The signal
in the top cathode channel has a different pule height and pulse shape
from that in the lower cathode channel, and this difference depends upon
the chamber dépth at which initial absorption takes place. The pulse
height spectrum from each cathode therefore can be expected to show two
peaks, which are farthest apart when the X-ray source is located above
the avalanche anode, A. Under this condition the positive ion drift
path is either directly towards the sensiné cathode, if absorption occurs
above the anode, or vice versa. The peaks should also draw closer
together as the source approaches the mid-position between anodes. Under
these conditions, the early part of the induced pulse is due to positive

ion motion close to the x-axis, which therefore has a similar influence
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upon both cathodes.
Fig. 6.3 is a reproduction of the pulse height spectrum taken
55

from the top cathode channel, with the””“Fe source situated above A.

The two photopeéks are clearly distinguishable, and each has an
accompanying escape peak which is to some extent camouflaged by the
background continuum. The lower amplitude photopeak, due to events in
the lower half chamber, contains about 1/1.58 of the counts in the upper
photopeak, which is consistent with a ratio of 1/1.6 calculated from the

-A
y’ for a linear absorption

'ratio of X-ray intensities, Iy/I0 = e
coefficient N\ = 1/2.3 cm. . Each of these photopeaks with its
associated escape peak, of course, represents the energy spectrum that
one would normally find when observing anode pulses. The photopeak
resolution measured as 19, is almost the same as that from the anodes.
Fig. 6.4 shows the pulseheight spectrum taken from the lower
cathode under the same conditions as for Fig. 6.3. Here the lower
amplitude peak is due to events in the upper chamber and therefore

contains the larger number of counts.

As the beam position was increased towards xo/s = .5, the

photopeaks blended together. In Fig. 6.5, taken at xo/s 35, 1t

became apparent that the spatial resolution was inadequate, but by taking
the ratio vc/Vé' , energy dependent terms were cancelled out and a much
improved spatial resolution was achieved. This is evident at X, = oL g
in Fig. 6.6 where the two distributions are still gquite separate. In
Fig. 6.6, although some broadening of the distributions of vc/vcl is
occurring at x = .4s (and this increases further towards .5s), it

should be noted that 180 channels have been offset and the peaks are
actually extremely sharp. At X, = 0, the resolution is around %} fwhm

and this degrades to % fwhm at x, = Jts. Projecting this distribution

width on to Fig. 6.7 (discussed below), an equivalent spread at X, = olis
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of .06s fwhm is obtained which in non-nmormalised terms is 300um fwhm or
127ym rms.

In practice simply taking the rati; vc/vc' did not account for
mismatching in the signal processing system, and although well matched
preamplifiers ( ~1%) were used, any mismatch was eliminated by reversing
the cathode connections to the preamplifiers. This produced two ratios
R and R'. Thus at the output of the charge preamplifiers with feedback
capacitors C and C , R = (q1/C1)/(q2/Cz) and R' = (qz/C1)/(q1/Cz)~
The ratio q1/q2 was then calculated as-JEEEg , independent of the
electronic system gains.

6.4 Traversing the Chamber

The theoretical predictions of chapter 3 for cathode pulse
ratios are again reproduced in Fig. 6.7 for three values of standard
deviation of an assumed Gaussian positive ion distribution. They are
compared here with the experimental results for vc/vc' obtained és the
source was moved across the centre anode cell. The experimental points

taken with an 55

Fe source, lie quite accurately along the curve
representing Ux = 330, except beyond xo/s = 4 where the divergence
between the experimental and theoretical curves becomes apparent.
Theoretical predictions are also compared with experimental
results in Fig. 6.8 for 25us shaping. The experimental points no
longer quite fit the curve for Ox = 33°, but would suggest that a
slightly greater angular spread was occurring. Since conditions
within the chamber had not changed, it is more likely that there is a
time dependent parameter,namely the positive ion mobility u, which has

not been accounted for in the calculations.

6.5 Discussion

6.5.1 Experimental limitations

It is unfortunate, but not surprising, that experiment and
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théory fail to agree in the region .4 < XO/S < 5. In fact agreement
is rather better than was anticipated from the work with induced anode
pulses, and the problems associated with electron loss into the neigh-
bouring cell do not arise here. For this reason, it is perhaps easier
to utilize information from the cathodes, where polarity reversal does
not occur and signals are about three times larger than corresponding
induced anode signals, but an important limitation would be the lack of
sensitivity of vc/vc' in the region xo/s = Q.

The departure from theoretical predictions near xo/s = W5 is
now more fully accounted for mainly in terms of electron diffusion and
collimator beam width. For the condition vc/vc' = 1 to be realised, it
is necessary for the positive ion cloud to travel precisely along the
rectangular field line ( a = 0°) which follows the x-axis before turning
towards the cathode at xo/s = 5. From previous estimates (chapter 5)
it is found that the rms sum of noise, initial photoelectron range, and
collimator beam width may be neglected in comparison with the diffusion
contribution which amounts to .5 mm. rms.

Normally, since the position of the centroid of the distribution

vc/vc' is recorded, any angular jitter due to the above effects will be
accounted for in the width of the distribution and will not affect the
centroid pOSition, but near xo/s = o5 an imbalance will occur because
field lines do not cross the x-axis. The x=-axis then sharply intercepts
the diffused cloud and distortion may be expected when the extent of
angular jitter reaches the a = 0°field line, i.e. beyond X, = s =2 mm.

The above argument that diffusion is mainly responsible for
the distortion near X =.5s, is further supported by comparing the
results with the aluminium source, where absorption takes place near the
upper window and the collimator beam width is accordingly reduced. The

55

results are much the same as for ““Fe and can be seen in Fig. 6.7
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6.5.2 The choice of mobility value

The main purpose of repeating the cathode pulse ratio measure-
ments at 25us shaping, was to examine the constancy of the positive ion

(66

mobility. It is normal for the rare gas positive ions in their parent
gas to move with almost constant mobility. In fact, over the range of
field strengths normally encountered in proportional chambers, one would
expect the mobility to increase slightly as the ions move towards the
lower field region, but certainly by not more than 20%. However this
is not reflected in the results which show a tendency for u to reduce
slightly rather‘than increases From the experiment, it can be deduced
that the mobility remains nearly constant with no indication of charge
exchange, at least up to the time-to-maximum of the 25us shaped cathode
pulse (i.e. theoretically 36us). In practice the times-to-maximum of
the induced pulses are in reasonably good agreement with theory (Fig.
6.9), which is further evidence that u = 1.6cm2/Vs is a suitable choice
for mobility.

6+45.3 The angular spread

It is possible, from the assessment of diffusion (.5 mm. rms)
to obtain a rather crude estimate of the angular spread. The standard
deviation of the angular distribution Uy - may be obtained from the
relationship X = T/2 (1 - EXO/S) given in chapter 3 (Eqn. 13). Thus

Ox = 18°. This is in disagreement with value of Ui obtained by
curve fitting in Fig. 6s7 and Fig. 6.8 and the suggestion is that other
contributing factors have not been 1dentified, one of which could well
be additional spread during the avalanche process. A further explana-
tion could be that, contrary to the above argument, the choice of
u = 1.6cm2/Vs is inaccurate, but this is not likely; 4y would have to

be reduced to near 1.3 cmZ/Vs to account for such an anomaly.
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T =10ps

theoretical =13*6ps

T = 25us l

theoretical trgx = 36"s

FIG es

INDIVIDUAL CATHODE PULSES TAKEN
FROM THE TOP CATHODE , AFTER SHAPING* FOR
AN EVENT IN THE UPPER HALF CHAMBER.
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6.5.4 Resolution

It is fortunate that the position resolving capability of the
method is hardly limited by diffusion, because the cathodes sense the
centre of charge and provided that diffusion gives rise to a symmetrical
spread at the anode, this does nof greatly affect the induced pulses at
the cathodes. Diffusion, however does affect the dope of the ratio
vc/vc' but the spread in this ratio of 127um rms, determined in section
6.4, must be due to those effects which actually affect the position of
initial absorption, such as the mean photoelectron range (discussed in
section B.ﬁ), and the spread due to the collimator ( ~ 76um. rms).

The effects of amplifier noise and ofher electronic imperfections are

also partly responsible.
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CHAPTER 7

EXPERIMENTAL RESULTS IN OTHER GASES

71 Introduction = Choice of Gas Mixtures

It was considered that much useful information could be obtained
by applying this study of induced charges to proportional chambers filled
with less common gas mixtures than P10. The choice of gases was,
however, partly limited by the technique of flowing the gas, and the
cost involved. On this basis xenon, costing several pounds per litre
was completely ruled out, only to be used in sealed systems, but neon
mixtures, costing about one pound per five litres were considered a
possibility provided that due care was taken to avoid excessive usage.
Krypton, also fairly expensive,nowadays suffers the added disadvantage
of being intrinsically radioactive and is troublesome in low count rate
systems where a low background count is important. Since time and
space further impose limitations on the number of gas mixtures to be
studied, it was decided to consider just two rare gases, argon and neon,
with admixtures of methane and carbon dioxide.

Neon being a much lighter gas than argon, is inefficient in
this depth of chamber ( ~ 2 cm.) for the detection of 6keV radiation,
but is quite suitable as a detection medium for the 1.5keV X-radiation
of the aluminium source. Combinations of 90% Ne with 10% CH}+ and also
with 10% CO2 were studied and also 90% Ar with 10% CO2 to complement
previously reported studies with 90% Ar 10% CH4.

The amount of diffusion in the noble gases is known to reduce
considerably with the addition of polyatomic impurities, and as diffusion
has been the subject of some discussion in previous chapters and clearly

represents a major limitation in the behaviour of proportional chambers,
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a mixture of argon and 75% methane has also been studied.
For convenience the linear absorption coefficient has been
calculated from mass absorption coefficient data(7o at the two energies

of X-radiation and these are shown with the mean-free-path for absorption

in Table 7e1.

TABLE 7.1
X-ray energy’ 1 «5keV 6keV
GAS MIXTURE ABSORPTION MEAN ~FREE- [ ABSORPTION MEAN ~FREE
COEFFICIENT PATH COEFFICIENT| PATH
cm—1 Clle cm._q Ccm .
Ar/CH,+ 90/10 174 o6 L34 2.3
Ar/CH, 25/75 .66 1.52 073 13.8
Ar/CO2 90/10 2.01 498 ok 2427
Ne/CH,, 90/10 2419 156 .0l 22.7
Ne/CO, 90/10 2.57 0388 051 19.6

The measurements are presented mostly in diagrammatical form
and are divided into two categoriess
7.2 Induced anode signals.
7.4 Induced cathode signals.
The results will be only briefly described in these sections
and will be discussed reéspectively in sections 7.3 and 7.5.

7.2 Induced Anode Signals.

7+2+e1 Measurements in Ar/7%CH, (P.75.)

The experimental measurements in P.75 were taken at a gas gain
of 104 with an anode-cathode voltage of 3.54kV. Experiments showed that
55

under these conditions and with ““Fe as a radiation source there were no
obvious signs of gain saturation, and the energy spectrum photopeak had.
a resolution of 1% measured at the centre anode. Amplifier time

constants of 10us were used. Chamber and collimator dimensions and all
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other conditions remained the same as those used for the P.10 studies
in chapter L.

In order to estimate the mobility of positive ions in P.75,
experimental results are compared in Fig. 7.1 with theoretical predic-
tions for assumed mobilities of u = 2.3 cm?/Vs and u = 2.8 cm? /Vs.

It shouid be noted that the value of p affects only slightly the
crossover point, but does affect the slope of the theoretical curve.
Since the slopes are quite well matched it may therefore be assumed
that the choice of p value of 2.3 is reasonably good, but the
insensitivity of the slope of these curves to fairly large changes in
p indicates that this can only be an order of magnitude estimate.

The crossover point is similarly insensitive to small changes in anode
voltage and time constant. Consequently the near constant vertical
offset of about W% has most likely occurred in the division process.

The divider is able to determine the quantity (vB - vA')/
(VB + vA') and it has already been mentioned that this provides a
symmetrical response with improved linearity. Divider output spectra
are plotted for a few positions of the source in Fig. 7.2 and from
these some estimation of the spatial resolution may be obtained.

7.2.2 Measurements in Ne/10% CH),

It was not possible to obtain statistically'meaningful
55

information from Ne/CHq using the Fe source owing to the long mean=-
free-path for absorption of 5.9 keV radiation and the consequential
reduction in detection efficiency. Al-K radiation was therefore used
for all experiments with this mixture. The gas gain was maintained at
3 X 104 by an anode-cathode potential of 2.25kV. -VB/VA has been
plotted against xo/s in Fig. 7.3 and compared with the theoretical

prediction assuming mobility values p = hem? /Vs and p = 1.7cm? /Vs for

equal time constants of 10us. The slope is best matched to some mobility
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value between those used, possibly 3cm?/Vs. The plot of (VB - vA')/

(vB + vA') is not shown here, but relevant data have been extrabted and

used for comparison in section 7.3.

7.2.3 Measurements in Ne/10% CO‘

Measurements in Ne/10% CO2 are plotted in Fig. 7.4. It was
necessary to use an anode-cathode potential of 2.45kV to achieve a gain
of 3 X 104. Conditions are otherwise the same as those in section 7.2.2.
The Al-K source was again used because of the long mean-free-path at 6keV.

The experimental curve is compared with theoretical curves for
assumed mobility values of lLem?/Vs and 1.53cm?/Vs. It can be estimated

that a mobility value nearer ' to 3cm?/Vs would be a better choice.

7.2.44 Measurements in Af/10% Co,

55

It was possible again to use the Fe source for these
mea§urements, and results are shown in Fig. 7.5 where they are compared
with theoretical curves which assume mobilities of 1.5 and 3.2cm?/Vs.
The value of anoae-cathode voltage was 2.5kV for a gas gain of 104 and

the time constants were 10us. It appears that a suitable choice for

mobility would be 2.3cm?/Vs.

7e3 Discussion - Induced Anode Signals

7341 Limitations

Not'foo much emphasis should be placed on the accuracy of the
positive ion mobility estimates; matching of the slopes is very
difficult particularly with such severe en@-effect limitations. The
theoretical curves were élso calculated for zero angular spread, and
since some angular spread must be occurring, then the mobility estimates
must be on the high side.

Measurements near the extremes of the cell, particularly near
xo/s = = .5 are subject to greater inaccuraéy than those within the

bounds % .3 owing to a decrease in resolution of the energy spectrum
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photopeak. It was found, however, that the worst case repeatability
was within %%, but for -.3 < xo/s-< +.3 repeatability was within 2%.

7e342 Comparison of gas mixtures

From the above argument, it may be concluded that positive

ion mobilities in the five gas mixtures are as shown in Table 7.2.

TABLE 7.2
GAS MIXTURE MOBILITY cm?/Vs
Ar/1O%CH4 15
Ar/73%CH4 23
Ne/TO%CHu 3
Ne/10%CO, 3
Ar/10%CO, 2.3

Comparing these mobility values with Gott and Charles'(62

figures, and with Brown(66, there is no indication of charge transfer
in P10 or the two neon mixtures although there may be some evidence of
transfer in P75 and Ar/10%CO, .

From the shapes of the experimental curves and the point at
which premature turnover occurs at the upper extreme (i.e. the point at
which electron loss into the neighbouring cell becomes apparent), it is
possible to cénclude that there is considerably less diffusion in P.75
than in P.10 and also that in Ar/’IO%CO2 there seems to be less diffusion.
In Ne/10%CO, rather more diffusion is apparent than for P.10.

Spectra of(vB - VA')/(VB + vA') similar to those of Fig. 7.2
have been obtained for each gas mixture and from these the fwhm at
position XO/S = o2 has been measured and is given in Table 7.3.

Possible contributors to this spread have already been suggested

in section 5.7, and the collimator contribution was thought to be the

largest. For this reason, absorption mean-free-paths have been listed
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also in Table 7.3 for the particular source used. The longer mean~free-
path will of course cause larger collimator spreads. With this in mind,
it is interesting that Ar/'?%CH,+ and Ar/10%CO, prove to be the better of

the five gas mixtures in terms of both diffusion and resolution of the

position signal r.

TABLE 7.3

GAS MIXTURE FWHM RESOLUTION - m SOURCE MEAN -FREE -
PATH - cm.

Ar/10%CHy, 320 25Fe 2.3

Ar/ 7%CH, | 312 22Fe 13.8

Ne/10%CH), 453 A1 456

Ne/10%CO, S0k Al 388

Ar/10%CO, 240 27Fe 2.27

7.4  Induced Cathode Siénals

7.4.1 Photographs of induced cathode pulses

The photographs in Fig. 7.6 are of induced cathode pulses in
the four gas mixtures after 10us shaping in the amplifiers. In each
case, the source was situated above the centre anode and the anode
voltage and othér conditions were identical to those specified in
section 7.2. - A comparison of positive ion collection times may now be
made and by the same argument as that in section 5.2, the mobility of

each mixture may again be estimated. These are as followss

Ar/10%C0, - B = 1.77 cm? /Vs
Ne/10%CO, = p = 2.7% cm?/Vs
Ar/7FCHL - g = 2.00 cm?/Vs
Ne/10%CHy - p = 3.28 cm?/Vs
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SOURCE  Fe-S5
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t-Ms
Ne/10%CO
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100 200
Ar/75%CH4
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Nec/10%CH4
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FIG 7.6—
INDUCED CATHODE PULSES
AFTER 10mS SHAPING IN SOME

GAS MIXTURES.
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7.4e2 Induced cathode signals in Ar/7%%CH),

Experimental poinfs are plotted in Fig. 7.7 for the ratio
55

vC/vc' at several positions of the ““Fe source, xo/s. The shaping was
10pus and the e.h.t. was set to 3.54kV for a gas gain of 104. For compar-
ison, theoretical predictions are shown for angular spreads of 0% and

60°, and for T/T0 = .32 which corresponds to an assumed mobility of

2.3 cm? /Vs.

As in the case of P.10 the results are in reasonably good
agreement with theory and one can roughly estimate the angular spread as
being 330.

It was expected, from anode signal measurements in this gas
mixture, that diffusion would be rather less than in P.10. This is
indeed evident in Fig. 7.7 where at xo/s = 45, experimental points

have not departed so much from the thecretical curve.

7.4.3  Induced cathode signals in Ne/1O%CH4

Experimental conditions here were the same as those in section
7e2:2 (iees v, = 2.25kV. T = 10us, source A1-K).
The dotted curve of Fig. 7.8 is drawn through experimental
points, and is compared with theoretical curves for T/TO = .36 at
Ju = 0° and 60°, corresponding to p = 4 cm?/Vs. It is clear that
unless the angular spreading corresponds to (0o = 600, then the assumed
mobility is much too high. If it is assumed that p = 1.8 cm?/Vs and

that 0% = 330, then experiment and theory are in good agreement, but

since the agreement near xo/s «> is worse than P.10, it is likely that

angular spreading exceeds a. 330 and it may be concluded that
1.8 < u <k cm?/Vs.

7.4.4  Induced cathode signals in Ne/1O%CO,

Again, experimental conditions remained the same as in section

7e2.3 (ieee v, = 2.45kV, T = 10us, source Al-K.)
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Similar disagreement with theory may be seen here in Fig. 7.9
where the experimental curve is compared with theoretical predictions
for T/To = 0.4t (u~4 cm?/Vs). Similar conclusions to those for Ne/10%CHy
may also be drawn, except that the two lower theoretical curves now
assume a P value of 1.6 cm?/Vs. Hence 1.6 & p £ 4 cm?/Vs.

7.4.5 Induced cathode signals in Ar/10%CO,

In many ways Ar/10%CO, behaves similarly to Ar/10%4CHl as a
chamber gas. From Fige7.10 it can be seen that agreement with the
theoretical curve at 10us (T/‘I'o = 16, p = 1.6, v, = é.5kV) is good.

The lower diffusion in this mixture is evident near xo/s = .5 where the
proximity of the experimental curve to the x-axis at vc/vc' = 1 is closer
than for P.10.

Similarly good agreement may be seen at T/T0 = 4 (25pus) and
T/T0 = ,08 (5ps), indicating that the ionic mobility remains constant
over this time range.

In calculating the three theoretical curves, a standard
deviation QL = 330 for the angular spread has been assumed. It may well
be, however, that there is rather less angular spread, in which case
similar agreement between experiment and theory could be achieved by
assuming a lower value for .

7.5 Discussion - Induced Cathode Signals

The major objective in obtaining the experimental results of
section 7.4 has been to determine the usefulness of the particular gas
mixture as a position sensitive detection medium and in order to do this
it has been necessary to make some assessment of the angular spreading
of the electron cloud around the anode due mainly to diffusion and also
to other effects previously discussed. Since at the cathodes the
effective centre of charge is detected it is expected that the shapes

of the curves of VC/VC' will generally not be sensitive to diffusion,
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but in the region xo/s = o5 diffusion and other effects prevent the
ratio vc/vc' from ever reaching unity (see section 6.5.1). Experi-
mental behaviour in this region then gives some indication of the
amount of diffusion occurring, and from the measurements it is again
clear that Ar/73%CHy and Ar/10%CO, are more favourable than the other
gas mixtures in this respect.

Unlike the theoretical predictions for anode ratios, those
for the cathode induced signals are much more sensitive to T/To
(where T, = s?/uw,) and hence to p. This is particularly apparent in
the results for the neon mixtures where it seems likely that a value for
p of bem?/Vs is rather high, unless there is a large amount of angular
spreading. In the case of Ne/CH4 the region around xo/s = .5
certainly indicates greater spreading than for P.10, but unfortunately,.
for Ne/CO,, the A1-K source was not available to investigate this region
in more detail. Cursory investigations indicated that less diffusion
was occurring than in P.10, but more work needs to be done here.

For the argon mixtures, good agreement with theory exists if

(62

the mobility figures given by Gott and Charles are assumed and if an
angular spread of 33° is used. It is difficult to draw further
conclusions from this work until more basic data on positive ion

mobilities and on the nature of positive ions under changing field

conditions, become available.



130

CHAPTER 8

CHAMBER GEOMETRY

8.1 Introduction

As with radiation detectors generally, changes in chamber
geometry are not easily effected and are extremely time consuming.

For this reason it has not been possible to make changes to the outer
dimensions of the chamber, but only to the anode wire radii and to their
spacing. In each case, time has permitted only three different
conditions to be investigated, but this has been sufficient to observe
trends and limitations.

In the results that follow, the limitations imposed by the
theoretical model (chapter 3) have often been grossly violated, and
there has been little point in making comparisons with theory.

In each case the gas mixture was P.10 and the source of

55

radiation was Fe. A shaping network time constant of 10ps was used
throughout .

8.2 Effects of Varying the Anode Wire Spacing

8.2.1 Induced cathode signals

In Fig. 8.1 the ratio of induced cathode pulses vc/vc' is
shown as a function of the X-ray beam position xo/s for anode spacings
of .5 cm. (h/s = 2.22), 1.0 cme (h/s = 1.11) and 1.3 cm. (h/s = .85).
The wire diameter in each case was 25um. Where 1 cm. spacing was used,
the anode plane consisted of five 1 cm. spaced wires with two wires
either side at 0.5 cm. spacing. The two outer wires were of 125um.
stainless steel as used previously. Where the anode spacing was
increased to 1.3 cm., only five equally spaced wires were used. At

this spacing the operating voltage was low and there were no signs of
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electrical breakdown so that the larger diameter outer wires were no
longer necessary. Of course, at these latter spacings, the approxima-
tion to an infinite anode plane was becoming less realistic.

At 1.3 cm. spacing, the anode-cathode voltage required for a
gas gain of 10 was 1750V., and at 1 am. spacing was 1950V. The
measurements for 0.5 cm. spacing have been obtained at v = 2500V, and
although they have previously been given, they are reproduced here for
comparison.

Fig. 8.1 shows that the sensitivity of v*/v*' to changes in
x*/s does not reduce appreciably as the spacing is increased and it would
appear that positional information is still available at 1.3 am. spacing.
It must be remembered, however that the position of the centroid of the
distribution of v*/v*' is plotted and no account is taken of the width
of the distribution. In practice it is found that this width increases
as the spacing is increased and the resolving power is accordingly
reduced.. This will be illustrated later when considering ratios of
induced anode signals.

8.2.2 Induced anode signals

The ratio - v*/v* of anode signals is plotted in Fig. 8.2 for
the three anode wire spacings. It is surprising to note that worsening
end effects at the larger wire spacings tend to increase the useful
working region of the cell. This was also noticeable to a lesser extent
in Fig. 8.1. The slope of -v*/v* falls off as the spacing is increased,
but perhaps more serious is the fall-off in induced signal amplitude
which at 1.3 om. spacing is only 1/3 that at .5 am. spacing. However,
with low noise amplification, this is not troublesome.

8.3 Effects of Varying Anode Wire Diameter
With a constant anode wire spacing of 1 cm., the wire diameter

has been changed from 25pm* to 20pm. and 15pm. The anode wires were of
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gold plated tungsten as previously used. it was necessary to adjust
the anode-cathode voltage to ensure that the gas gain remained at.104,
and the anode voltages for the above wire diameters were 1950, 1850 and
1720 volts respectively. In all other respects the chamber and
external conditions remained the same.

Fig. 8.3 shows the ratio ~VB/VA as a function of xo/s for
each anode diameter. The theoretical curve for r, = 10um. , Vé = 1850V
and T/T0 = ,028 is shown for comparison, but goqd agreement is not
expected. The spread of the avalanche now becomes particularly
noticeable in the upper non-linear region of the curves as it engulfs
more of the smaller diameter anodes.

8.4 Resolution

The resolution, as it is affected by geometrical changes can
best be observed from the spectra of the position signal, r = (VB - vd)/
(vB + vd) + Const. These are given in Fig. 8.4 for three conditions,

s =1 cm. r, = 12.5Wme, s = 1.3 Cme r, = 12.5ume and s = 1 cme r = 7e5pm.

The resolution in each case has been estimated from the fwhm
of the spectrum at xo/s = .2, calibrated in position by experimental
measurement of the centroid of r as a function of Xy as in section 5.7.
It was found that increasing the wire spacing from .5 cm. to 1 cm. with
constant anodé diameter of 25um., degraded the resolution from 320um.
(see section 5.7) to 590um. and increasing the spacing still further to
1e3cme resulted in a much more severe degradation to 1120um.

Reducing the anode wire diameter from 25um. to 15um. at a
constant anode spacing of 1 cm. resulted in only a slight degradation
from 590um. to 640um. The 180um. collimator contribution and other
smaller contributions may reasonably be neglected at these larger fwhm

values.
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8.5 The Single Wire Chamber

A single wire chamber was constructed with the same dimensions
as previous chambers, but with only one central 25um. diameter anode
wire. The value of V, required for ’lOL+ gas gain was 1600 volts.

Of course, only cathode induced pulses could be observed
here, but it was found that the resolution was so poor, that from the
spectrum of vc/vc', it was'only just possible to discern the two peaks
when the source was in a central position. Presumably, now, an
almost radial field extended well out towards the cathodes, and the
position of the localised avalanche depended very much on the depth at
which absorption took place. No results are therefore recorded with
the present source, but it may be of interest to repeat this at some
later date with the Al1-K source or with a heavier gas (e.g. xenon) in
a sealed chamber.

8.6 Discussion

The foregoing has shown that increasing the wire spacing in
this shallow chamber has the undesirable effect of degrading the
resolution, but this is to be expected with such a long mean-free-path
for absorption, as the field becomes more nearly radial and non-linear.
The results are encouraging in that positional inférmation is still
available ovef a cell width of 1.3 cm., and this could probably be exten-
ded further were a low energy source used. Alternatively a chamber of
greater depth, with a larger extent of uniform field, should yield
improved resolution.

It would appear that, with the present 55Fe source, 1 Cle
spacing of 25um. anode wires certainly represents the experimental
maximum.

Results presented here were not intended to be fully

exhaustive, but merely to provide a foundation for further work which
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clearly now needs to be done, and it seems that more work with an

Al-K source would be particularly productive.
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CHAPTER 9

CONCLUDING DISCUSSION

9.1 Summary

It has been the intention throughout this work to provide as
much basic information as possible about this recently discovered and
interesting phenomenon of angular localisation. Often, for this
reason, only the surface has been uncovered to expose a foundation for
new areas of research, and no attempt has been made at this stage to
apply these findings to practical situations.

In summary, it has been found that, because of a strongly
localised avalanche, positional information can be extracted from a
simple multiwire chamber, with few external components, by two methodss

First, induced signals from the two anodes on either side of
the avalanche anode may be used to determine the position of incoming
radiation. This method is particularly useful in locating the
position of radiation entering the chamber in the immediate vicinity
of the avalanche anode, and in fact 70% of the cell width can be
utilised but with reducing sensitivity near the extremes.

Secdndly, induced signals from the two cathodes also provide
information regarding the position of incoming radiation, but this is
rather insensitive in the region above the avalanche anode yet is
increasingly sensitive towards the extremes of the cell. In fact
this method provides information over about 90% of the cell width.

In argon/1(%methane, the angular spread has been estimated
as 330 and the resolution appears to be ~ s/L0 under favourable
conditions.

Some experimental work with other gases indicates that there
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is rather less diffusion in argon/7%methane and in argon/1(g%carbon
dioxide than in P.10, and that these provide better resolution as
position sensitive detection media.

Variations in the chamber geometry have been investigated and
it was found that at anode spacinés up to 1.3 cm. useful positional
information was still available. A single wire chamber has also been
briefl& investigated and shows promise as a position sensitive detector,
but work on this was>limited by presently available experimental
facilities. ‘

Changes in anode wire diameter show that there is evidence of
greater spreading around the smaller diameter wires, but the spatial
resolution is not unduly degraded. Similar observations have also been

(63, whilst working with a segmented cathode,

reported by Okuno et al
coaxial proportional counter designed for angular distribution
measurements.

In general it has been found that experimental results have
agreed well with theoretical predictions, and where serious disagreement
has occurred it has usually beén possible to recognise the cause. In
the case of geometrical variations, however, the conditions demanded by
the theoretical model have sometimes been grossly violated and comparison
with theory hés not been possible. Work is now proceeding with a new

(67

theoretical model which may be applied to conditions where h is not
necessarily much greater than s and where any radius of wire may be used,
even different radii in the same chamber.

9.2 Major Experimental Limitations

9.2.1 Cell boundaries

It has been found that at positions of X where the anode
signals yield insensitive information, the cathode signals are most

sensitive, and vice versa, and it should not be too difficult to
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electronically combine this information to provide sensitive detection
over about 90% of the cell. Unfortunately, mainly because of electron
diffusion, the remaining 10% at the mid position between anodes is an
area devoid of any information. For minimum ionising radiatiocn,
chambers could be stacked and electronically interlaced to avoid this
region, but for radiation of a totally ionising nature, this area
represents a fundamental limitation which can only be avoided by
increasing the wire spacing to a distance greater than the region of
interest.

9242 Positive ion mobility

Throughout the work, comparison of experimental results with
theoretical predictions has been hampered by a lack of knowledge of
positive ion mobility in the various gas mixtures and this has prevented
an accurate determination of the amount of angular spreading. Clearly

(66

there is a great need for basic data to supplement that of Brown and

Schultz et al(69

, which may be applied under conditions of varying field
and for gas mixtures of the types commonly used in radiation detectors.

9.2.5 Diffusion

Estimates of electron diffusion are always difficult to provide,
mainly because of a lack of consistent experimental data on ér: values
in typical counter gas mixtures. It is understandable, however, when
one considers that electron transport coefficients for gas mixtures are
so dependent upon the component quantities of the mixture and also upon

(51

minute traces of impurity , that such data has not been forthcoming.

9.,2.4 Radioactive sources

55,

Most of the work presented here has been carried out with e
as the radiation source and occasionally it has been possible to make

use of a sealed Al1-K source of low energy X-rays. There are still some

areas of this work which could be more thoroughly investigated using a
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1<.5keV source and these are discussed in section 9.3.

9.3 Future Research

Inevitably in this research project time has not permitted all
loose ends to be tied up, and also several areas of research, not
originally conceived, have now come to light. These are discussed below.

Qe3.1 Count rate limitations

There will necessarily be some limit on the count rate up to
which multiwire chambers operating in the localised avalanche mode can
operate. This limit will be imposed by the chamber rather than the
electronics, which, with recovery times of a few tens of microseconds
could well operate at rates up to at least Z0,00C PepPes. The positive
ion collection time is likely to be the main limiting factor. For the
present chamber collection times of between 250us, aﬁd LOOus. depending
on the filling gas mixture, have been measured and it is expected
therefore that spacé charge limitations would begin to take effect at
count rates > 2500 pepes. Hopefully some experimental work can be done
on this in the near future.

9e3.2 Further work with the Al-K source

The limited work carried out with Ar/?B%CHu as a filling gas
has been particularly interesting because of the apparently low diffusion
which occurs. . It would be appropriate now to continue this work with
the 1.5keV source and thereby take advantage of the resulting reduction
in collimator spread.

Similarly, as mentioned in Sections 8.5 and 8.6, the 1.5keV
source could very usefully be employed in chamber geometries with wider
spaced anodes and particularly in single wire chambers, where it is
imperative that absorption should take place near the cathode to avoid

the effects of the radial field.
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G ede3 Greater chamber depths

The requirement imposed by the theoretical model that h » s,
has not been fully satisfied at any time during this work, where h/s has
usually been equal to 2.22. Better results may be obtained with deeper
chambers having a larger linear field region, although any improvement
may be offset by increased diffusion over longer drift paths.

9.3.4 Use of heavier gases

Cost considerations have ruled out the use of xenon and krypton
in flow chambers, and since lighter gases have been investigated the work
could now be extended towards the use of mixtures containing heavier
gases. This will be a large undertaking requiring the use of specially
designed, sealed chambers, but the work is essenfial if X-radiation up
to 30keV is to be efficiently detected.

9345 Rise time and crossover detection

It has beennoticed that the rise time, and hence the crossover
time of a doubly differentiated induced pulse, is to some extent
dependent upon X, s and also, so far as the induced cathode pulses are
concerned, upon whether absorption takes place above or below the anode
plane. The rhotograph in Fig. 9.1 was taken, of the induced cathode
pulses after singly integrating and doubly differentiating with equal
time constants of 10us., using the original chamber filled with P.10.
The two distinct crossover times represent absorption above and below

the anode plane with the 22

Fe source at X, = 0. Further work is
presently under way in the Physics Department to investigate rise time
effects more fully.

9.4 Applications

The most obvious application of angular localisation is to
X-ray imaging or position-sensitive detection of particles by inter-

anode interpolation. Some other less obvious applications are now
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AFTER  BIPOLAR SHAPING.
Fe-55 SOURCE POSITION Xa=0.

T% 10ns
TIME CAL.- 10ns/division
GAS — P.10
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briefly suggested. .

9.4.1  Background reduction

During experimental work with induced cathode pulses the
possibility of using angular localisation for background reduction was
briefly investigated and a description follows:

An 55Fe source mounted directly above the avalanche anode
produces two peaks in the spectrum of (vc-vc')/(vC + vc') due to
absorption above and below the anode plane. These peaks move towards
one another as X, is changed, but are always individually distinguishable.
If the avalanche totally surrounds the anode wire then Vo = vc' and the
pulse height spectrum reduces to a single central peak. It is likély
that something near to this latter situation exists when distributed
ionisation occurs, possibly with delta-ray production, due to background
radiation.

The principle is seen more clearly in Fig. 9.2 where spectra
of (vc - vc')/(vC + vc') + K (K is a constant voltage added to ensure
that the quantity is always positive) for naturally occurring background
and for collimated X-rays at X = 0, are shown. A single channel
analyser, with upper and lower levels set just within the X-ray peaks,
could now be arranged to reject most of the background without affecting
too much the X-ray acceptance.

Practically, however, it would be unreasonable to use a
collimated beam of X-rays and so the curve of Fig. 9.3 has been determined
éxperimentally to show the effect of using a single channel analyser on
spectra of the type shown in Fig. 9.2 but with an X-ray beam
unrestricted by collimation.

The background reduction is not outstanding, but in conjunction
with some amplitude rejection above and below 6keV, much improved results

are possible.
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94ito2 Left-right discrimination

The induced signals on the anodes on either side of an
avalanche anode may be used to effectively determine from which side
electrons are drifting. The polarity of the difference signal
indicates which sense anode is the more positive and therefore, on
which side of the avalanche anode the avalanche is localised. This

(55

method has been used to overcome the left-right ambiguity which occurs
in drift chambers.

9.4.3 Absorption depth discrimination

Tﬁe ratio of induced cathode signals vc/vc' may also be used
to discriminate between events occurring above and below the anode plane.
The ratio is always greater than uﬁity for absorption above the anode
plane and less than unity for absorption below the anode plane.

Rise time measurement may also be used for absorption depth
discrimination purposes(?1. From the photograph in Fig. 9.1 one can
visualise how a crossover detector might be used to effectively provide

discrimination between upper and lower events.

Qoo  X-Ray imaging

Multiwire chambers have probably found their most important
application as X-ray imaging detectors in biology, medicine and X-ray
astronomy . in biology and medicine, they take over from scintillation
cameras in detecting X-rays and low energy 55Teys and may be used to
provide large area, rapid readout. In X-ray astronomy they have
replaced slow scanning techniques and facilitated the rapid accumulation
of data during costly flight programmes.

Angular localisation techniques offer similar resolution
capabilities to multiwire chambers and drift chambers and in the latter
case offer a much improved time resolution. It is hoped now that these

techniques may be further developed to provide a larger sensitive area
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of detection. With the promise of reduced complexity of external
electronic circuitry which offers a great advantage ineconomy and
reliability, so important in the above fields, this must surely be a

worthwhile area for continuing research.

'
ok ek ok ok ok ok ok K ok K ok ok ok kK K
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APPENDIX I

THE CHAMBER RESPONSE DUE TO A SLIT COLLIMATOR.
In determining the response of
//////////// SOURCE the chamber due to the collimated
source, two effects have been
considered. Firstly the effect of
linear absorption in the chamber and
secondly the geometrical arrangement
CATHODE
of the source collimator and chamber
with respect to one another. No
Vcos 0
account is taken of the third
dimension along the collimator slit,
but with high aspect ratio of
collimator slit length to slit width,
this effect may be ignored.
Consider a small section of chamber of width dx and thickness dy
and infinite depth.

The X-ray path length within the strip = dy/cos9

.and the probability of an interaction within the strip,

where \ is the linear absorption coefficient.

U /I11/1U1 SOURCE

CATHODE

cos 0



151

The angle subtended by dx at the source = dp = dXcosG. cos6

t +y
1/iuiitNtin SOURCE
dxcos” 0
tt+y
COLLIMATOR
The general equation for the
CATHODE
number of interactions, n in
the strip of width dx and
height (d - y* ) may now be
written, CATHODE
ak
ak. Cos.™U
™ = 8 * CoS o

X, - H
where 3= no.of emissions per unit angle from the source.

The equation may be evaluated in two parts representing the
two regions x ~ w/2 and -w/2 * x * w/2”“byintegrating withinthe limits
shown. For x >Mw/2 it can be simply shown that

X =w/2 - (a + X - w/2 //1
h +vy

X =—w/2 ~ & fX +w/2
A~ +h + Y = A

LLU

W/2

y* = (x - w/2)Z - h
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For -'w2 ~ X *~ w/2, ILLi\i {(kfilUT
X w +a /w/2 -X
2 \* +h +y

w -a/X +w/2
2 / +h +y
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APPENDIX 2

ANGULAR LOCALISATION OF PROPORTIONAL CHAMBER AVALANCHE -

E.Mathieson and T.J.Harris

Reprinted from Nature, Vol. 272, No. 5655, p. 709, 20 Apr. 1978.



(Reprinted from Nature. VoL 272. No. S6SS. pp. 709-710. April 20. 1973)

O Macmillan Journals Ltd., 1978

Angular localisation of
proportional chamber avalanche

Charpak' points out in his review on multi-wire proportional
chambers, that despite previous considerations’ there is some
evidence that the discharge in a proportional chamber does not
necessarily spread uniformly round the wire. We have been
examining in some detail avalanche localisation in proportional
chamber operation during the past year or so, and give here a
brief quantitative account of some of our findings. These
were initially rather unexpected.

The most striking evidence of avalanche localisation is
obtained from observations of the charges induced on neigh-
bouring wires. These form particularly sensitive probes for
examining the avalanche position, and chamber geometry
and operation are not disturbed in any way. The situation is
shown schematically, but not to scale, in Fig. I. where A is the
particular wire at which avalanche occurs and B isan adjacent
wire at the same potential. A and B are connected to charge-
sensitive amplifiers, of conversion gain I/C, followed by pulse
shaping networks. A positive ion of charge g starting at time
r= 0 at the surface of wire A, at angular position a. will drift
away from A along the field line defined by a with velocity
proportional to the local field value. The induced charges ga
and </amay then be calculated by standard electrostatic theory
as a function of the position of g and hence as a function of t
.As in the creation of the positive ion chargee/, an equal negative,
electron charge g must have been deposited at r 0 on wire
A, the charge-sensitive amplifier output voltages are -ga C
and ( g g)!C. The pulse heights ig and from the pulse
shaping networks may thus be calculated as a function of the
starting angular position a. These calculations may be extended
to describe the etTect on r, and v* of an initial angular dis-
tribution of positive ion charge.

The important experimental observation. Fig. 2. is that
the observed ratio - Ib/va depends strongly upon the .-
coordinate of a finely collimated soft X-ray beam, showing
that the angular distribution of the positive ions round the
wire is non-uniform and that the angular centroid of the
distribution depends on the direction from which the initiating
electrons have drifted. For normal chamber geometry the
field lines near the cathode have equation x — j<1-— 2a/rt)/2
independent of y, where s is the anode wire spacing. Thus

Soft
X ray
beam
Cathode
Cathode

FI*. 1 Schematic diagram of conventional multi-wire proper-

tional chamber. The angular position of the avalanche on wire A

is obtained from measurement of the induced charge signal
on wire B.

0.10

0.05

us.l

Fig. 2 Experimental measurements of the ratio of pulse heights

-<'aly'A. >n the charge-sensitive pulse shaping systems connected

to wires B and A. plotted against X-ray beam position r,. The

curves arc theoretical predictions for rectangular distributions

spreading round 0%. 50% and 100% of the anode wire cir-
cumference.

for absorption of a soft X-ray photon at the point X. coordinate
r, in Fig. L the initial electrons drift along the field lines in-
dicated and. gnoring diffusion, the angular Centroid of the
resultant avalanche at the wire .Aisa - a(l- Ir,, J)/2.
Figure 2 shows experimental measurements of -
plotted against .r,. the r-coordinate of an X-ray beam of energy
5.9 keV and collimated width 0.2 mm. The chamber cathodc-
anode separation was 11 mm, the anode wire separation, r5mm
and the diameter of the anode wires 25 pm. The chamber gas
was argon/IG"o methane at atmospheric pressure, the pulse
shaping networks consisted of passive, single RC integrating
and differentiating circuits of equal time constant, 10 ps. The
full curve IS the result of calculations using the model described
above, with zero angular spread. Also indicated on Fig. 2 arc
the theoretical predictions for rectangular positive ion dis-
tributions spreading round 50, and 100", of 2n (that is a
completely uniform spread). If .Cyexceeds .r'2 then the avalanche
switches over to the next wire A' It is interesting that the wire
8 can still sense to some extent the avalanche position on A'.
This is shown by the non-zero slope of the lower set of ex-
perimental results representing - 18/vA .The full curve isagain
the theoretical prediction, with zero angular spread.
Such measurements show the surprising degree to which
angular localisation of the avalanche occurs, despite the dif-
fusion which must occur during electron drift. Possible ex-
tensions of imaging MW P C operation are suggested as a result
of these investigations (such as positional interpolation be-
tween anode wires). A detailed report of this experimental
and theoretical work and of similar investigations on cathode-
induced signals is being prepared.
E. Mathif-son
T. J. Harris
G. C. smith

Physics Department,

The University,

Leicester, UK
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APPENDIX 3

INDUCED CATHODE SIGNALS IN MULTIWIRE CHAMBERS -

T.J Harris and E.Mathieson.

Paper read at 3rd Int. Conf. on "Drift and Proportional Chambers'",

Dubna, U.S.5.R., June 1978.
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Induced cathode signals in rulti-wire chambers

Abstract

Experimental measurements have been made of the ratio of the
signals induced on the cathodes of a symmetric multi-wire proportional
chamber under X-ray irradiation. Because of angular localisation of
the avalanche at the anode wire this ratio is expected to depend strongly
on the lateral position of the X-ray béam. The predictions of a simple

theoretical model are in good agreement with the experimental results.

T. J. Harris
E. Mathieson

Physics Department
Ieicester University
Ieicester

England
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1. Introduction It has become clear r‘fe.cen’c,1y1"5 that for a localised

ionising event, i.e. soft X-ray photon absorption,

the resulting avalanche at a proportional chamber anode wire may exhibit
a correspondingly high degree of angular locélisation. This localisation
influences markedly the induced charges on neighbouring anode wires
and on the cathodes. The effect may have considerable implications
on the position-sensitive performance for soft X-rays of proportional
chambers. In preliminary investigations of two aspects of this new
mode of extracting positional infommation, rms resolution orthogonal
to the anode wire direction better than 150 ym has been achievedh’s.

This present paper describes some experimental measurements
on the signals induced on the two cathodes of a symmetric multi-wire
chamber as a function of the lateral position of a collimated soft
X-ray beam. These experimental results are compared with the predictions

of a theoretical modelé.

2. Theoretical considerations Fig. 1 is a schematic of a conventional

multi-wire chamber with anode wire
spacing s and anode-cathode separation h. The anode wires are perpendicular
to the x-y plane with the particular wire at which avalanche occurs
at the origin. The X-ray beam is parallel to the y-axis and has x—coordinate

X o
o
For normal chamber geometry there is a considerable fraction
of the volume in which the field is very nearly uniform. Thus from a
localised ionising event well away from the anode plane, at coordinate
Xy the electrons drift along a field line and result in an avalanche
whose centre-of-charge has an angular position at the anode wire surface

@ given by « = n(1-2xo/s)/2. Positive ions from the avalanche drift

back along the field lines; from a knowledge of the ion mobility,
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chamber geometry and charber voltage it is therefore possible to calculate
the time development of the induced charge qc(t) at a chamber cathode.
The appropriate formulae have been developed in Ref. 6.

If, as in the present case,-the cathode is connected to a
charge-sensitive pre-amplifier, of conversion gain 1/C, then the pre-
amplifier output is —qc/C. Finally, if the amplifier pulse-shaping
system has impulse response h(t), then the final output signal of the
system may be obtained from the convolution integral of -qc(t)/C and h(t).
The peak height v  of the signal may be calculated in this way (see Ref. 5).

In the present system a single Qifferentiating filter and a
single integrating filter of time-constant T was used. It has already
been shown, in Ref. 5§, that in the calculation of the position of the
positive inducing charge there emerges a natural unit of time To = sg/gﬂé
where y is the ion mobility (assumed constant in the present report)
and Vé is the chamber voltage. The nomalised filter time-constant T/To
is found to be an important system parameter.

3. Experimental arrangement  The measurements presented below were taken

with a small, §ymmetric chamber with

eleven anode wires, with s = 5 mm and h = 11 mm. The operating gas
was argon/10% methane at atmospheric pressure. Well-matched signal
processing systems were attached to each cathode, with the value of T
in each shaping amplifier 10 ps. A dividﬁ'ng circuit yielded pulses of
height vc/v‘c, the ratio of the pulse heights in the two cathode channels,
Fig. 2. The effect of different sensitivities in the two channels could
be eliminated by interchanging the signal processing systems.

The position of the 5.9 keV X-ray beam could be set to within
10 ym; the geometry and height of the collimator resulted in a beam

width at the anode plane of 200 ym.
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In the measurements presented below the chamber was operated
at 2.5 kV, resulting in a gas gain of approximately 10h.
Li. Results A spectrum of the ratio of cathode signals, for X, = 0
is shown in Fig. 3(a). The two peaks represent absorption
events occurring above the anode plane at & = + 90° and below the anode
plane at o = - 90°, the ratio of intensities being closely in accord
with the attenuation over 11 mm of 5.9 keV X-rays in the chamber gas.
As xois increased from zero the maximum value of « decreases; the two
distributions approach each other as shown in Fig. 3(b), for x, = 0.40 s.
If one assumes that absorption occurs in the essentially uniform
field regions of the chamber, i.e. that the coordinate X of the X-ray
beam uniquely defines o¢,then the theoretical model outlined above
can be employed to calculate vc/v';. Further, a simple extension of the
calculations allows an initial angular distribution of the positive
ions at the anode wire surface to be taken into account. The experimental
results are compared with theoretical predictions in Fig. L where the
value T/To = 0.16 has be:n used, corresponding to y = 1.6 cm?/Vs. The
high degree of angular localisation is very evident in these results.
The curve passing closely through the experimental results represents
a gaussian initial angular distribution with standard deviation 33°.
This is very similar to a value 30o estimated recently by Charpakhvfor
a similar geoﬁetry chamber (h = 8 mm compared with 11 mm in the present
work).
5. Discussion The main purpose of this brief paper has been to present
preliminary measurements of the degree to which angular
localisation occurs in the avalanche process in proﬁortional chambers
and counters. There appears to be fairly satisfactory agreement between

theoretical model and experimental results, as represented by Fig. L.
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Presumably the divergence near X, = s/2 is partly due to the finite

beam width and partly to departure from the unifom field assumption.

A very rough estimate of the effect of diffusion may be made
by considering the initial electron group to drift from cathode to anode
in a uniform field. If this were the case then the rms radius of the
electron group would be o, = v(2Dh/v)where D is the diffusion coefficient
and v the drift velocity. Substituting approximate numerical values

D~ 1072

cm?/ps and v ~5 cm/us then for h = 1 cm we have o = 0.65 mm,
The finite beam.width 200 ym then yields a resultant of about 0,68 mm.
From the relationship between xo and ¢ given above we can thus estimate
Iy ~25°, This is reasonably close to the experimental value 33° obtained
above.

There are of course several aspects to be examined critically,
in detail, before real confidence can be placed on the quantitative
evaluation of Oy The numerical result clearly depends upon the assumed
figure for positive ion mobility p. In reality ionic mobility is field
depen.dent8 and further, due to charge exchange, the actual nature of the
ion may change with time. Thus g is actually a rather complicated
function of field and time. A series of measurements are therefore being
made over a range of time constants T in an effort to examine this

situation in more detail. Measurements are also being ﬁade for a range

of gas mixtures.
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Figure Captions

Figure 1 Schematic of symmetric multi-wire chamber, anode wire spacing
s and anode-cathode sepafaticn h. The narrow X-ray beam is
parallel to the y-axis with x~coordinate X, The field line
shown intersects the anode wire surface at an angle o to

the x-axis where o = n(1 -2x°/s)/2.
Figure 2 Schematic of signal processing system.

Figure 3 Spectra of the ratio of cathode signals

a) x°=0,b)xo=0.hOs

Figure L Values of vc/v 'c plotted as a function of xo/s. The
continuous curves are theoretical predictions representing
gaussian initial positive ion angular distributions with

standard deviations 0°, 33° and 60°.
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APPENDIX L4

ANGULAR LOCALISATION OF PROPORTIONAL CHAMBER AVALANCHE -

T.J JHarris and E.Mathieson

Reprinted from Nucl. Instr. and Meth., 154(1978)183.
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ANGULAR LOCALISATION OF PROPORTIONAL CHAMBER AVALANCHE

T. J HARRIS and E. MATHIESON

Physics Department. The University, Leicester. Enyland
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Experimental evidence has been obtained which demonstrates that, under certain conditions, the avalanche at an anode
wire of a proportional chamber may exhibit a high degree of angular localisation. One anode wire of a conventional multi-
wire chamber has been employed to sense the angular position of the avalanche at an adjacent anode wire. Comparisons
are made between these experimental measurements and the predictions of a theoréiical model. Further experimental mea-
surements are presented to demonstrate the feasibility of using this localisation effect to obtain positional interpolation

between anode wires of an imaging chamber.

1. Introduction

During various experimental investigations in
this department on imaging multi-wire proportion-
al chambers it was noted that under certain con-
ditions, apparently anomalous pulse heights and
pulse shapes were obtained. These particular ob-
servations suggested that, surprisingly and con-
trary to previous description'), the avalanche at an
anode wire may be to some degree angularly lo-
calised. Other workers have also recently con-
sidered this possibility?). The measurements and
calculations described in this paper were undertak-
en to examine quantitatively this concept of a lo-
calised avalanche. A brief preliminary report of
some of this work has already been given®).

The situation can be briefly described as follows.
Suppose initially that positive ions originate at a
specific point on the anode wire surface. Then the
trajectory of those ions can be followed and hence,
in principle, the time development of the induced
charge signal at any chamber electrode can be cal-
culated. The final output signal, after filter circuits
and amplification, thus depends in some predict-
able way upon the point or origin of the positive
ions. Now if an avalanche results in a non-uni-
form distribution of positive ions around the
anode wire then the output signal from the chosen
electrode will depend upon the shape and position
of this distribution as well as upon the avalanche
magnitude. If one further assumes that the angu-
lar centre-of-charge of a non-uniform avalanche
defines the field line along which the centroid of
the initial electrons have drifted then a relation-
ship is established between position of X-ray ab-
sorption and magnitude of induced charge signal.
The validity of this theoretical prediction can be
examined experimentally.

The present paper describes measurements of
the induced charge signals at neighbouring anode
wires. These form particularly convenient and sen-
sitive probes for examining the avalanche position
and of course chamber geometry and operation is
not disturbed in any way. Possible extensions of
imaging MW PC operation are suggested as a re-
sult of these investigations. Measurement and cal-
culation of the induced charge signals at chamber
cathodes will be described in a separate report.

2. Basic description of system

Fig. 1is a schematic of a conventional, symmet-
ric multi-wire proportional chamber with anode
wire spacing s and anode-cathode separation /;.
The anode wires are perpendicular to the .v-y
plane, with the particular wire. A, at which ava-
lanche occurs at the v, y origin. In the me sure-
ments described below the induced charge a.gnals
on an adjacent wire, B, were examined as a func-
tion of the x-coordinate of a finely collimated soft
X-ray beam.

With normal chamber geometry the Held at the
surface of an anode wire is very accurately radial
and further, provided s is small compared with
the field at the cathode surface is nearly uniform.
This means that a set of equidistant field lines
starting at the cathode end as equiangular field
lines at the anode. Hence electrons produced in an
ionising event occurring far from the anode plane
(strictly speaking at the cathode surface) drift
along a field line and result in an avalanche whose
centre-of-charge has an angular position directly
proportional to the .x-coordinate of the event. The
angular width of of the distribution must depend
upon the initial size of the electron group and
upon the diffusion during drift.
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Fig. |. Schematic diagram of conventional multi-wire propor-
tional chamber. The induced charge signal on wire B depends
upon the angular position of the avalanche on wire A.

Positive ions from the avalanche drift back
along the field lines. From a given initial distri-
bution of positive ions, and assuming a constant
ion mobility, the time development of the induced
charge at a neighbouring anode wire, or at a ca-
thode, may be calculated. The appropriate formu-
lae are given in the next section.

3. Theoretical considerations

Application of standard electrostatic theory
shows that for the chamber geometry represented
in fig. 1, provided (where is the anode
wire radius) and s h, then the field can be de-

scribed by the complex potential W given by
v=yVv - log? sin kzjs

“ Tthis —loglKrJs
here is the potential of the anode wires, the ca-

thodes being earthed, and z= .x-riy. It follows
from the above expression that a field line origi-
nating at the anode wire A has equation

tanhrr>'/5 = tan% tan T X/5,

where  cos 7, sin 7 are the cartesian coordi-
nates of the intersection of the field line with the
surface of the anode wire. For regions well away
from the anode plane, i.e. where the field
line equation reduces to

independent of y.

showing the linear relationship between lateral po-
sition V of the field line near the cathode and the
angular position 7 at the anode surface (fig. 1).
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A positive ion starting at the anode surface of
wire A at angular position 7 drifts along the field
line with velocity “E, where n is the (constant)
positive ion mobility and E is the field intensity.
E may be obtained from the above expression for
complex potential

A 5//1 jcosh Iny/s -f cos 2n.x/s]
5 1- s/nh log 2nrjs [cosh 2nyjs - cOs 2 Tixis\

Thus the coordinates (x, y) of the ion as a function

of time ¢ can be calculated progressively, numer-

ically, by solving simultaneously the equations
211/2

and

dy cosh nyjs
= tan a

d COS Kxis

with the initial conditions x = sin 7
at /=0.

It should be especially noted that when E is
substituted in the velocity expression there
emerges a natural unit for time, = Tq, say.
It is thus very convenient during calculations to
normalise time to this unit. It will also be noticed
that all distances can be conveniently expressed as
multiples of the anode wire spacing s.

The position of a positive ion having been cal-
culated as a function of time, it is possible to cal-
culate the charge induced on one of the anode
wires using the following formulae. Let Q be the
positive ion charge, at position x, y. Then, assum-
ing as before that n, the charge induv J on
the A'th anode wire is given by

cos %y

(k= -Q Ip k

where
fcosh n{x-ns)j2n -f cos Kyjinh

U = lo
9 [cosh n{x- ns)j2h - cos Kyj2h

In this formula Q is the solution vector of the

matrix equation

where

[cosh 7r(m - /i) 5/2/j-t-1]
jcosh rr(m-n) s/2/i-1

Trm = log(4/ilarJ

and
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Fig. 2. Theoretical values of the ratio of pulse heights.
-ug'Hy,. in the charge-sensiti\e pulse shaping systems con-
nected to wires B and A, plotted against wq - (1- 2ar/t)s/2.
Curves are shown tor several values of normalised time con-
stant T Tf). The calculations are for zero angular spread.

If, as in the measurements described below, the
kth wire is connected to a charge-sensitive pre-
amplifier of conversion gain 1/C, then the pre-am-
plifier output is a voltage signal v(t)= -g~*IC. Fi-
nally, if the amplifier-pulse shaping system has
impulse response h{t) then the final output signal
of the system connected to the klIh anode wire
may be obtained from the usual convolution inte-
gral

to(0 =  v(t) h(t-t') dt'.

.0
The peak height Uy of the signal may thus be cal-
culated. In the present work a single differentiat-
ing filter and a single integrating filter of equal
time constant T was wused so the h(()-
e ""U\-i/T)/T.

In order to remove the dependence on positive
ion charge magnitude Q the output signal ampli-
tude W from the ‘sense’ wire B ik= -1) was
compared with the output signal amplitude
from an identical processing channel connected to
the ‘avalanche’ wire A(A: = 0). The signal can
of course also be calculated using the formudae

LOCALISATION

above, with k=0, and remembering that the av-
alanche wire collects at /= 0 a real negative (elec-
tron) charge —Q. Thus for the A wire pre-ampli-
fier v(t)={-Q-qi*)/C, and clearly the ratio
- Ug/u* does not contain Q. Using the formulae
given above the theoretical ratio -0 o/ u* has been
calculated as a function of a the angular position
of origin of positive ion charge at the anode wire
A. The calculations are easily extended to take
into account an initial angular distribution of ion
charge round the wire. In the present case a uni-
form distribution spreading round a fraction / of
2n has been assumed. As /increases, the depen-
dence of - Ug/u* upon the angular position a of
the centre-of-charge becomes weaker; clearly when
f= 1 the ratio —vg/v* becomes independent of 2.

If X-ray absorption occurs well away from
the anode plane then angular position 2 results
from electrons g'-nerated at linear position
Xq= (1-2:r/7r)5/2. ilg. 2 shows theoretical values
of -Ug/i»A, for/= 0, plotted therefore as a func-
tion of-Vq, for various values of normalised shap-
ing circuit time constant T/Tq.

4. Experimental arrangement

The measurements presented below were taken
with a small multi-wire chamber, internal dimen-
sions 8cm X 12cm, with 11mm between anode
plane and each cathode plane. There were eleven
anode wires, the central nine being 25//m diame-
ter gold-plated tungsten and the two outer wires
125/2m diameter stainless steel. The central five
wires were spaced at 5 mm and, in order to control
the field at the anode edges, the outer three on
each side were spaced at the reduced value
25 mm. The cathodes were of aluminised melinex
12/2m thickness. The operating gas, argon plus
10% methane at atmospheric pressure, could (low
on both sides of the cathodes, there being separate
gas- containing melinex windows.

In practice it was convenient to operate the
anode at ground potential with the cathodes at neg-
ative HT. Each of the central three anode wires,
B, A and A' of fig. 1, was directly coupled to a
low-noise charge-sensitive pre-amplifier, Ortec
type USA, and also grounded through a 100 M.U
resistor. All othor anode wires were directly
grounded. The main amplifiers had single differ-
entiating and single integrating shaping networks
of equal time constant which could be varied in
the range 0.5 /2s to 10/us. In all the measurements
described below 10/:s was employed.
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0 *5s s 1-5s

Fig. 3. E.xperimental measurements of - /'u plotted against
X-ray beam position Xq. The curves are theoretical predictions,
at T/TQ-0AS5, for rectangular distributions spreading round
0"n, 50’0 and 100'0c of the anode wire circumference.

Collimated X-radiation at 5.9 keV was obtained
from an *-Fe source and a slit collimator, both
mounted on a carriage which could be traversed,
by means of a micrometer screw, across the cham-
ber in a direction perpendicular to the anode wires.
The position of the X-ray beam, Xgq in fig. 1, could
be set to within 10/*m; the geometry and height
of the collimator resulted in a beam width at the
anode plane of 200 /vm.

5, Results

1) Experimental measurements of for
various positions of the X-ray beam, are shown in
fig. 3. For these measurements the chamber was
operated at =2.5 kV. If one takes for positive
ion mobility in Ar/10% CFI* the value?)
/i - 15cmW s then for the present operating con-
ditions the characteristic time Taq= has the
value 66.7 /us. With pulse shaping time constant

10/4S the normalised  value becomes
T/Ta= 0A5. The theoretical curves for T/Tg =0.15
are shown in fig. 3 for rectangular distributions
spreading round 096 and 1009 of the wire cir-
cumference. The sharpness with which the ava-
lanche is localised Is convincingly demonstrated
by these measurements.

In comparing the experimental results with the
predictions of the simple model it must be re-
membered that in reality the X-rays are not all ab-
sorbed close to the upper (or lower) cathode. In
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fact at an X-ray energy of 5.9 keV, in argon/109%6
methane at atmospheric pressure, the absorption
mean free path is about 2.3 cm. Thus at each val-
ue of Xaq a range of a values is possible from 0 to
(1- 2xg/s) k/2. The weighting to be given to the
lower values of x (absorption events close to the
anode plane) depends upon the ratio s/h. This ef-
fect of finite absorption depth can be included in
the model but for simplicity it has been omitted
in the present, initial discussions involving mea-
surements taken with rather coarse collimation.
2) If Xg exceeds s/2 then the avalanche switches
over to the next wire A'. It is interesting to note
that the wire B can still sense to some extent the
avalanche angular position on A'. This is shown
by the non-zero slope of the lower set of experi-
mental results representing - The full
curve is the theoretical prediction, with zero angu-
lar spread. The range over which transition occurs
from the upper branch to the lower branch, in the
region Xg= s/2, is dependent mainly upon the
width of the collimated X-ray beam.

3) The measurements shown in fig. 3 were taken
at a gas gain of about IOT It is interesting to note
the effect of increasing the gas gain. This is
shown in fig. 4 where experimental values of
—Ug/u* have been plotted versus Xg for various

THEORETICAL

EXPERIMENTAL -
GAS GAIN - Jo*

" L S (1g
\l " B‘IW

5 —» -3 2 1 o & 2 ®m 4 >

Fig. 4. E.xperimental measurements of -Ug/u”® plotted against

X-ray beam position Xa for various values of gas gain.
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Fig. 5. Pulse height distribution of position signal,
r= (i»B- o?)/(ug + constant, for X-ray beam position
Xg/s = 0.2. The additional constant merely ensures that r re-
mains positive. The dashed, trapezium-shaped curve indicates
the theoretical contribution the collimator (the two
curves have not been normalised in area).

from

values of gas gain up to about 16x 10'( - 3 kV).
There is indeed a tendency for the avalanche to
spread further round the wire as the gain in-
creases, but the effect is surprisingly small until
the highest gains are reached. The chamber has
become markedly non-proportional to energy by
about 7x10™ but the degree of avalanche spread
has not changed significantly by then.

6. Position-sensitive detection

The experimentally observed relationship be-
tween induced charge signal Uyand the position Xa
suggests the possibility of deriving positional in-
formation at a resolution not limited by the anode
wire spacing. To demonstrate this possibility a cir-
cuit was constructed to obtain from induced
charge signals from the two wires B and A' in fig.
1, a signal proportional to the quantity
= (ug - T constant. Fig. 5 shows the
pulse height distribution of this position signal r
for the X-ray beam at position Xg/s = 0.2. The hor-
izontal axis has been calibrated in position by ex-
perimental measurements of the centroid of r as a
function of Xg (fig. 6).

The full-width at half-maximum of the position
signal is 320 *m. There are several factors contrib-
uting to this width, the most obvious being the
rather wide incident beam width, 180//m. A sec-
ond much smaller factor is the contribution due to
pre-amplifier noise, amounting to approximately
60;/m. The remainder, =260/im, must be re-
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Fig. 6. E.xperimental values of position signal r plotted against
X-ray beam position xq.

garded as fundamental in the sense that it arises
from the geometry of the initial positive ion dis-
tribution. Part of this width presumably represents
angular jitter in the centroid of the initiating elec-
tron group at the anode wire. An- ther part must
be due to the finite depth of X-ray absorption, al-
ready discussed in section 5(1).

It is not suggested, of course, that the present
system can be immediately employed for position-
al interpolation between anode wires. The major
factor preventing this is that at present only about
70/6 of the inter-wire spacing can be explored in
this way. Outside these limits the avalanche
switches over to one of the 'sense' wires. How-
ever the potentially good r.m.s. resolution, —5/40,
and the useful linearity in the workable region as
demonstrated by fig. 6, encourage one to explore
further this new mode of extracting positional in-
formation from a MWPC.

7. Conclusions

The measurements presented in this paper show
that the avalanche at the anode of a proportional
chamber is strongly angularly localised, even at
gas gains high enough to cause serious non-pro-
portionality. The equivalent width of the initial
distribution of positive ions immediately after the
avalanche is certainly less than 50% of the wire
circumference.

Since the centroid of the distribution is deter-
mined by the field line along which the initiating
electrons have drifted, a system sensitive to the
angular position of the avalanche may also yield
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information on the original interaction position.
The possibility has been demonstrated of position-
al interpolation between anode wires. For soft X-
rays this would imply considerably improved res-
olution over present MWPC systems, or increased
anode wire spacing could be tolerated with wel-
come reduction in electrical breakdown problems.
In view of this we are now examining induced
charge signals, at anode wires and cathodes, in a
chamber of increased anode wire spacing. We are
also examining avalanche angular localisation in
different operating gases. Preliminary results with

HARRIS AND E.

MATHIESON

25% argon/75% methane are rather similar to
those presented above for 90% argon/10% me-
thane.
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Formulae are presented and developed to allow the calculation of induced charges at individual anode wires or at the

cathode of a conventional multi-wire chamber.
1. Introduction
In a report recently submitted to this journal it
has been shown that under certain conditions, the
avalanche at an anode wire of a multi-wire cham-
ber may be highly localised. Experimental evi-
dence was obtained by examining the signals in-
duced in the anode wire adjacent to the 'ava-
lanche’ wire. The purpose of this present brief
note is to justify and collate various theoretical
formulae quoted in that report, and to be quoted
in further work, on induced charges in a symmet-
ric multi-wire proportional chamber.

Expressions for the charge induced on a
grounded electrode may, in principle, be obtained
by application of the following theorem due to
Maxwell'), expressed here in terms appropriate to
the present applications. “ If a conductor raised to
unit potential produces at an external point a po-
tential P then a unit charge placed at that point
will induce on the conductor, if at zero potential,
a charge —P.” For convenience a proof of this
theorem has been included in an appendix.

In the expressions developed below, the anode
wires are perpendicular to the x~y plane, the cen-
tral wire of the system coinciding with the origin.
It is assumed that both the anode wire length and
the lateral width of the anode plane are large com-
pared with the anode-cathode separation. The
anode wire spacing is denoted by s, the anode-ca-
thode separation by h and the anode wire radius
by rA The positive inducing charge of unit mag-
nitude is situated at (x,y) and the induced charge
at the electrode of interest is -P . If, as is usually
the case, the electrode is connected to a charge-
sensitive pre-amplifier of conversion gain 1/C
then the output voltage of the pre-amplifier is
P/C.

2. Induced charge at connected anode wires

This is the simplest case to consider since, pro-
vided s>r* and h>s, the potential and field lines

in a symmetric multi-wire chamber may be de-
scribed by the complex potential IF given by'):

w - K log sinKzls+Va.

Here z= x + jy and K and W are real constants de-
termined by the electrode potentials.

The potential P is obtained as the real part of IF
when the anode wires are at unit potential and the
cathodes are grounded. Applying these conditions
we obtain

I = -K logmnkJs+Va

and
0 = -K (log I/2-Fn:/i/5) F Fg.

Substituting the values obtained for K and | into
the expression for IF we find after some manipu-
lation
A _ Tzhis - log{2(cosh Inyls - COS ItixIs)}rAr

nhls — log 2nrjs

It must be noted that if the unit positive induc-
ing charge was produced as a result of an ava-
lanche at one of the anode wires then a real
charge -1 would have been collected at the
anode. The charge-sensitive pre-amplifier output
voltage would then be (P-I)/C.

3. Induced charge at individual anode wire

This rather clumsy situation is best approached
by first considering the mapping function

w = u+]Jv =

A single line charge at the origin in the :-plane
maps into a line charge at the point (0, 1) in the
vv-plane, and the zero potential cathode planes at
y = znh map into the (/-axis. The complex potential
IF is therefore given, from simple image theory, as

IF = -C1 {log(w;-j) - log(tt'+j)}

where C, is a constant determined by the line
charge magnitude. In the z-plane the complex po-
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tential expression becomes
IF = CI logcoth 12/4/J

and after some manipulation this becomes

where tani*= -sin (7ry/2/7)/sinh (7rx/2/7).

For x,y<*h, |IF=C, log (4/7/7r/-)-jC| 0 where
r= -FyAj'A'rand tan = y/x.

The potential P due to an array of (2/-h 1) line
charges, not necessarily of equal magnitude, at
regular spacing s, is therefore given by

where
jcosh 7r(x-ns)/2/i-r cos Try/2/iP"?
jcosh «¢x - ns)l2zh —cos Try/2/iJ

The constants are determined by the potentials
of the wires. Provided <s, the wire surfaces are
represented by equipotential cylinders coaxial with
the line charges. Thus the potential of the mth
wire is given by

where
[cosh ;r5(m -m)i2/i-F
A jcosh Ks(m-n)i2h-\\
Tmm = log(4h/7rrd.

Now if we wish to calculate the charge induced
on the Ath wire, say, then to apply the original
theorem we place B, - \ and P=0 for m k
Thus the constants C, are obtained as the solution
vector of the matrix equation

P* = IC,L ,

with the input vector P* as given above. The
charge induced on the Ath wire is then

-P -ZC,L,.

4. Induced charge at cathode

This case can be treated in a straightforward
manner by noting that a suitable complex poten-
tial may be chosen as

IF = - K log sin Trz/s-jpQZ-F Fg

where K, Eq and VWa are real constants determined
by the electrode potentials.
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If the cathode aty = +h is at unit potential and
the anode wires and the other cathode are at zero
potential then

1= -K (log /2 + 7riils) -F EqH -r va,

0 = -K \og{KrJs) + B,

-K (log [I12+7ihls) - E aH + V a.

0

The second of these equations is true provided
that Ea@TA-~Vq, This condition is equivalent to
rM/?<-I'o and substitution of normal values shows
that it is adequately satisfied.

By solving for K, E@ and W and substituting in
the expression for IF we find, after some manip-
ulation, that the real part P is given by

- A -

log 2KrJs - log(2(cosh 2nyls - cos 2nxls)} 2
2{nhis - l0g 2nrjs)

5. Time development of induced charge

Since in reality the inducing charge is not sta-
tionary in position, the induced charge will devel-
op with time. Although this aspect is not the
main point of the present note, for completeness
two useful formulae are included here. These der-
ive from the expression for the complex potential
Il for anode potential |Ij and cathode potentials
zero.
nhi's - log 2 sin nijs
rJiis — \og2T:rds

If the positive ion was created at the anode wire
surface, on the wire at the (x,>) origin, at position
(G cos x, sin x) then the ion drifts along the
field line given by
tanh Tzyi's = tan nxjs tana.

The velocity of drift is piE where // is the positive
ion mobility and E is the local field value given by

VJh
E =
1- sink log 2nrjs

cosh 2ny!s F cos 27rx/5]'""
cosh 2nyls —cos 2n.x/s

Appendix

The relationships between the charges q and
the potentials v of a system of n conductors may
be conveniently expressed in terms of configura-
tion coefficients c,,. Thus

= Z ci_jpi—

j=I
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Suppose we wish to calculate the charge in-
duced on conductor 1 by unit charge placed on
conductor 2, all other conductors (including ) be-
ing grounded. Then gql\=c*2™ :ind 1= dNi;?.
Hence #i=c,2/c,2- To calculate the ratio Ci2/Cz
consider now the case that condi ctor 1 is raised
to unit potential, conductor 2 is insulated and un-
charged, and all other conductors are grounded.
Let P be the potential to which conductor 2 rises.
Then 0- o *c’22P or C,/Cz- -P. But, by

CHARGES

IN A MW PC

Green's  reciprocal theorem, cz,-c,2. Thus

o\ - - r N
The conductor 2 may be physically very small;
that is, we may regard a positive ion mathemat-

ically as conductor 2

References

m) J. C. .Maw™”ell, A treatise on electricity and magnetism (Third
Edition), Vol. 1, Ch. HI, Section 86 (Oxford University
Press, London, 1892).

‘) E. Weber, Electromagnetic fields (Wiley. New York, 1950).



177

APPENDIX 6

MODULATION OF ANODE SIGNALS IN MULTIWIRE PROPORTIONAL CHAMBERS =

E.Mathieson and T.J.Harris.

Reprinted from Nucl. Instr. and Meth., 157(1978)563.



178

NUCLEAR INSTRUMENTS AND METHODS 157 (1978) 563-565 ; © NORTH-HOLLAND PUBLISHING CO.

MODULATION OF ANODE SIGNAL IN MULTIWIRE PROPORTIONAL CHAMBERS

E. MATHIESON and T. J. HARRIS

Physics Department, The University, Leicester, LElI 7RH, England

Received 9 May 1978

In the detection of soft X-rays with a multiwire proportional chamber the angular localisation of the anode avalanche
may cause dependence of the final output signal on X-ray absorption position. Two distinct mechanisms may occur; var-
iation of gas gain due 1o the non-radial field and variation in the time development of the anode induced charge. Simple
theoretical estimates show that the magnitudes of these two effects may be comparable and non-negligible.

1. Introduction

It has become apparent fairly recently that the
avalanche at the anode of a proportional chamber
or counter may exhibit a high degree of angular
localisation'-*). Charpak') has pointed out that, in
a multiwire proportional chamber, because of the
field variation round the wire this localisation ef-
fect will result in a variation of gas gain. Marked
modulation of chamber gain with the position of
a collimated X-ray beam has already been noted
experimentally by Charpak!) and also by Smith
and Wells®).

There are in fact two mechanisms whereby the
chamber signal can be modulated by the angular
localisation of the avalanche. The first is the var-
jation in gas gain with angular position of the av-
alanche as outlined above. The second effect
arises because of the way in which the time de-
velopment of the resultant anode charge depends
upon the initial angular position of the positive
ions. The magnitude of this second, induced
charge effect will depend fairly strongly upon the
time characteristics of the signal processing sys-
tem.

The purpose of this present paper is to develop
theoretical estimates of the magnitudes of these
two effects and to compare their relative impor-
tance.

2. Angular variation in gas gain

A section of a conventional symmetric multi-
wire chamber is shown schematically, but not to
scale, in fig. 1. For anode wire radius r, small
compared with anode wire spacing s, the field may
be described*) to a good approximation by the ex-
pression

V./h (cosh 2ny/s + cos 27rx/s)*

1 —s/nh log 2nr,/s \cosh 2ny/s — cos 2nx/s

where V, is the anode voltage, both cathodes being
earthed, and 4 is the anode-cathode separation.

In the close neighbourhood of the anode wire at
the co-ordinate origin the field is very nearly ra-
dial; the expression above reduces to the simpler
form

2 2
E= g&l:l . (f.) cos 2a],
r 3 \s

where

c, = s/nh

1 —s/nh log 2nr,/s”

Here r = (x2+y?)} and o =tan-! y/x. Thus at con-
stant radius r the fractional change in field from
its maximum value at @ = 37 to its minimum val-
ue at a=0 is 3x¥(r/s?. For radii within which
gas amplification occurs, this fractional change is
a fairly small quantity compared with unity,
~10-2. )

The gas gain M may be expressed in the usual
manner in terms of the ionisation probability a,
by the expression

ro
logM =J‘ a, dr.
L4

yl
| CATHODE
i
PR P "‘\-@——-a—;
N
! CATHODE

Fig. 1. Schematic of symmetric multiwire chamber with anode
wire spacing s and anode-cathode separation A.
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Here r, is the critical radius at which the field be-
comes great enough for multiplication to com-
mence. This critical radius may be expressed in
terms of the critical voltage ¥, above which the
chamber gain exceeds unity. At voltage V, the cri-
tical field value is just reached at the anode wire
surface and, if we assume that at this radius the
field is strictly radial, then

C,Volrs = (C,Vilro) [L — 7 X(rofs) %cos 24].

This quadratic equation may be solved for r, to
.yield, as the acceptable solution
Va 2 Va 2 T, 2

ro——r,_i,;[l—-irr (‘70) 5] s 2a |,

It is necessary in obtaining an expression for gas
gain to assume a functional dependence of z,
upon electric field £, and for the present purpose
the simple form developed in the work of Rose

and Korff®) is convenient. This expression may be
written

2, = (KE)},
where K = constant.
Thus

2
x,=(KC, V)t r [l - —[2—% (r/s)? cos 21:],
where §r2(r/s) <1. With this expression for z,,
and using the value for 7, obtained above, the def-
inite integral for log M may be evaluated. The re-
sult, simplified by using again the fact that (r,/s)?
is very small compared with unity, may be written

AN -t
log Ml =log M, — log M, [(V—‘> - 1} X

0
22 (r\ AN
— 2 PR 2
X 0\ 6 2 1 |cos2x,
where

log M, = 2(KC, r, V) [(VJV)t - 1].

The expression for M,, which represents the gas
gain in a purely radial field, is of course in the
form obtained originally by Rose and KorfT.

[t can be seen that the fractional change in gain
from the radial field value is then

log M, ANE S

2
AM = — (W (;/;) ? (-;) cos 2a,

where it has been assumed for simplicity that
(V,/V,)*? » 1. To the extent that the Rose and KorfT

HARRIS

expression for z, is correct, then the above formy.
la predicts that, for a given chamber, 4M shoyly
vary approximately as (V,/V,).

As a typical numerical example, if V/¥, =4
M, =10, 7, =10 um and s =2 mm then for z = |3
and 0, dM==x=14%. If s=1mm then
M = +58%.

3. Variation in induced charge

The time development of the charge induced on
the anode wires by the drifting positive ions de-
pends upon their initial angular position. Relevant
formulae for induced charges in a multiwire cham-
ber have been developed in ref. 4 and the method
of calculating the waveform in the signal process-
ing channel has been described in ref. 3. To sum-
marise the situation briefly, suppose the anode
wires are connected to a charge-sensitive preampli-
fier of conversion gain 1/C, and that positive ions.
charge g, have reached position X,y following an
avalanche in which electron charge —g has been
collected by the anode. Then the preamplifier out-
put voltage is given by

o(t) = — %{I—C,Tr?hl:l

e\ ¥
— 2cos -Zi) ]},
s

where C, has been defined above.

The positive ion position may be calculated.
numerically, by integrating, along the field line
tanh my/s =tan wx/s-tan z, the equation

() + (&) -+

employing the simplified initial conditions at +=0
that x =r,cos 2, y =r,sin a. In reality there must
be a finite initial angular spread; this can be sim-
ply included in a calculation, see ref. 3, but in the
present case the maximum magnitude of the ef-
fect, i.e., zero angular spread is required. The ions
are not all produced at the actual surface of the
anode wire, but calculations with the present mod-
el show that the waveforms are very insensitive 10
the initial radial position of the ions. In the above
expression u is the positive ion mobility. For the
present calculation g4 has been assumed constant.
a particular field dependence, if known experimen-
tally, could be simply accommodated.

The final output waveform from the pulse shap-

s

2ny
pr log (2 cosh = "
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Fig 2. Output pulse height dependence on initial positive ion
angular position a

from the value at a =
r. () CR-CR-RC

The ordinate is the percentage decrease
(@) CR-RC network of time constant
network of lime constant T.

ing network may be calculated from the convolu-
tion integral

$(0 = Vv(i') h(t-t') dt,

where h(r) is the impulse response of the network.
Two pulse shaping networks have been considered
here; single differentiation with single integration
and double differentiation with single integration,
in each case with equal time-constants. As ex-
plained in ref. 3, it is particularly convenient to
express time normalised to the unit Ta= s*/i1vA
Typically Ta falls within the range 1-50 /vs.

Fig. 2 shows the predicted variation in final out-

put pulse height as a function of initial positive
ion angular position a. The ordinate is the percen-
tage decrease from the value at a= jtt. Fig. 2a re-
presents the CR-RC network and fig. 2b the
CR-CR-RC network. The parameter T/Ta is the
ratio of network time constant T to the character-
istic time Ta.

4. Discussion

The predicted variations described above are, of
course, only estimates. In the discussion of gas
gain, space charge and photoionisation effects
have been ignored and a particular, restricted, the-
ory has been adopted. In fact no one theory is
adequate to cover the whole operating range of
proportional chambers. In the induced charge cal-
culations it has been assumed that the positive
ions are all formed at the anode wire surface and
that there is no angular spread in the avalanche.
Despite these restrictions and simplifications it is
clear nevertheless that either type of variation
might be of serious magnitude. If localised events,
are being detected and electron diffusion is small
then the observed energy resolution may be mar-
kedly inferior to that of a single-wire coaxial coun-
ter unless attention is paid to minimising both ef-
fects. The induced charge variation can be made
arbitrarily small by employing a filter time con-
stant sufficiently small compared with Ta .
The gas gain variation increases rather rapidly
with anode voltage, probably as fast as or faster
than {vJva?. It is not yet clear how much this ef-
fect might be smoothed out by an increase in an-
gular spread with gas gain. Experimental examin-
ations of these modulation effects are at present
being attempted.
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Expérimental measurements have been made of the ratio of the signals induced on the
Because of avalanche angular localisation this ratio depends strongly on the

proportional chamber under X-ray irradiation.

cathodes of asymmetric multi-wire

lateral position of the X-ray beam. It is shown how a simple theoretical model may be employed with thesemeasurements

to evaluate the width of the initial angular distribution of the positive ions in the

1. Introduction

The recent independent work of several
groups™™) has shown that, for a localised ionising
event, the resulting avalanche at a proponionai
counter or chamber anode wire may exhibit a con-
siderable degree of angular localisation. Analysis
and experiment show that this localisation influ-
ences significantly the induced charges on neigh-
bouring anode wires or potential wires and on
chamber cathodes. The effect has important impli-
cations on the position-sensitive performance of
proportional chambers. Borkowski and Kopp')
have employed the effect to adjust electronically
the effective aperture of a multiwire chamber by
discriminating between photons absorbed above
and below the anode plane. Fischer et al.-), Wal-
enta?) and Breskin et al**) have shown that it is
possible to solve the left-right ambiguity problem
with high precision. Charpak et al.*) and Harris
and Mathieson') have shown, by somewhat differ-
ent methods, that as a consequence of the local-

isation, rms resolution orthogonal to the anode
wire direction better than 150/im may be
achieved.

The present paper describes the way in which a
quantitative measure of the angular spread of the
avalanche may be obtained. Experimental mea-
surements of the ratio of the signals induced in
the two cathode of a symmetric multiwire cham-
ber, as a function of the position of a collimated
X-ray beam, are compared with the predictions of
a simple theoretical model. A preliminary an-
nouncement*) of this method for evaluating the
avalanche angular spread was submitted to the 3rd
International Conference on Pivpunional and drift
chambers, Dubna, June 1978.

avalanche.

2. Theory

Fig. 1is a diagram, not to scale, of a conven-
tional multiwire chamber with anode wire spacing
5 and anode-cathode separation h. The anode
wires are perpendicular to the x -y plane with the
particular wire at which avalanche occurs at the
origin. The X-ray beam is parallel to the y-axis
and has coordinate Xa.

For conventional chamber geometry there is a
considerable fraction of the volume in which the
field is very nearly uniform. Thus from a localised
ionising event well away from the anode plane, at
coordinate the electrons drift along a field line
and result in an avalanche whose centre-of-charge
has an angular position at the anode wire surface
given by 1mm(1- 2V(/s). Positive ions from the
avalanche then drift back along the field lines. It
is therefore possible, from a knowledge of positive

CATHODE

CATHODE

Fig. 1. Schematic of a symmetric multiwire chamber. The fine-
ly collimated X-ray beam is parallel to the >-axis with .v-coord-
mate Xq. The field line shown intersects the anode wire sur-
face at an angle 2 to the x-axis where a = I;r (1-2x0/5).
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ion mobiliiy, chamber geometry and chamber vol-
tage, to calculate the time development of the in-
duced charge q*it) at the chamber cathode as a
function of Ag. The appropriate formulae have al-
ready been developed by Mathieson and Harris’),

Briefly, the positive ion drift back along the
field line

tanli/T>7s = tanrrjc/s-tana,

with velocity fiE where .. is the positive ion mo-
bility and £ is the local field value given by

VJh
I —sjTih log Inrds \cosh Inyjs —cos Inxis

cosh 2 nyls -r cos 2 nxjs\?

Here K is the anode-cathode voltage and s the
anode wire radius. The initial positive ion position
is assumed to be (f, cos a, sin ar). If the positive
ions have charge Qa and have reached position
ix,y) then the cathode induced charge qJO is giv-
en by qjt)= -q~Pix*y) where

0-5

-10

log iKfJs - log[2(cosh 2-“yls — cos 2nx/s)]*
2{-hls - log iKrJs)

For interest, an isometric plot of P{x,y) is shown
in fig. 2

If, as in the present case, the cathode is con-
nected to a charge-sensitive amplifier, of conver-
sion gain I/C, then the amplifier output s
vU)= -qJt)/C. The fmai output from the pulse
shaping system may be obtained from the convo-
lution integral

where liii) is the impulse response of the system.
The peak height of the output signal may be
calculated in this way.

In the present system a single differentiating

Fig 2 Isometric plot of the charge induced on a cathode as a function of the position (.v/s. v/5) of the inducing charge This
example was plotted for the parameters h/s = 2.22, /-/% = 5x 10 - A.
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filler and a single iniegraling filler of equal
lime consianl T was used SO Ihal
hif) = i\—i/T)/T. 1l has already been shown,

in ref. 7, ihal in calculations of ihe position of ihe
positive inducing charge there emerges a natural
unit of lime Tg-= K. The normalised filter
lime constant T/Taq is found to be an important
system parameter.

In the numerical evaluations of Uafl) and it
is a comparatively simple task to extend the cal-
culations to describe the effect of an initial angular
distribution of positive ions at the anode wire sur-
face. For the present considerations a gaussian an-
gular distribution p(a‘’) was chosen. That is

plof) = re

yj'ilrza;)
where p{a')(ia represents the initial positive ion
charge in the angular range 6a‘, a is the initial an-
gular centre-of-charge and cr, is the standard de-
viation of the distribution.

In addition to angular spread there must be
some radial spread in the initial positive ion dis-
tribution; the ions are not all produced at the ac-
tual surface of the anode wire. However calcula-
tions with the present model show that the ratio
of cathode signals is very insensitive to the initial
radial position of the ions.

500

30C

300
200

200

200 N 280 320

THE AVALANCHE

AMP

PULSE
RATIO

Fig. 3. Schematic of signal processing system. The amplifiers
each have single differentiating and integrating circuits of lime
constant T.

3. Experiment arrangement

The measurements presented here were taken
using a symmetric chamber, with plane cathodes,
with s=5mm, /;,= 11 mm and =25pm. Ar-
gon/1096 methane at atmospheric pressure was
the filling gas and the chamber was operated at a
gain of about 10",

Well-matched signal processing.® systems were
attached to each cathode, with the value of T in
each shaping amplifier 10 ps. A dividing circuit
yielded pulses of height u,/u’, the ratio of pulse
heights in the two cathode channels, fig. 3. The
effect of different sensitivities in the two channels
could be eliminated by interchanging the signal
processing systems.

The position of the 5.9 keV X-ray beam could

FIG.

360
CHANNEL NO.

Fig. 4 Spectra of the ratio of cathode signals; (a) va =0, (b) Xg = 0 40 s.
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be set 10 within 10;im while the geometry and
height of the collimator resulted in a beam width
at the anode plane of 200/m.

4. Results

Spectra of the pulse heights from the ratio cir-
cuit are shown in fig. 4, for Ag= 0 in (a) and for
Ay=04 s in (b). In fig. 4a the two peaks represent
absorption events occurring above the anode plane
at = - 90" and below the anode plane at

-90', the ratio of the two intensities being
closely in accord with the attenuation over 11 mm
of 59 keV X-rays in the chamber gas. As A, is in-
creased from zero the maximum value of a de-
creases ; the two distributions approach each other as
shown in fig. 4b.

If one assumes that absorption occurs in the
essentiall) uniform field regions of the chamber,
that is that the coordinate Ay of the X-ray beam
uniquely defines ¢, then the theoretical model
outlined above can be employed to calculate vA/v'.
The experimental results are compared with theo-
retical predictions in fig. 5 where the value
r/7T'y = 0.16 has been used corresponding to

= 16 cm-/Vs ™). The high degree of angular lo-
calisation is very evident in these results. The
curve passing closely through the experimental re-
sults represents a Gaussian initial angular distri-
bution with standard deviation equal to 33°.

13

— — 1 1 I PR F— 1 1 1
05 -Oi -0-3 02 -0-1 01 02 03 0L 05

Fig 5. Values of plotted as a function of .vg/s. The con-
tinuous curves are the theoretical predictions for gaussian in-

itial positive ion distributions with standard deviations 0\ 33'-
and 60°.

ANG T J
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5. Discussion

The main purpose of this present paper has
been to show hov* a value for the width of the in-
itial angular distribution of the avalanche, in a
particular case, may bZ derived from the cathode
signals. There appears to be fairly satisfactory
agreement between the theoretical model and ex-
perimental results, as represented by fig. 5. The
divergence near Aq = Is is presumably due partly to
the finite beam width and partly to departure from
the uniform field assumption.

A rough estimate of the effect of electron dif-
fusion may be made by considering an initial elec-
tron group to drift to the anode through a distance
d \n a uniform field. If the group had initially neg-
ligible size then the rms radius of the electron
group would be a, -\(2Dd/v). where D is the
diffusion coefficient and v is the drift velocity.

Substituting approximate numerical values
D= 10"-cm-//is and i;="5cm//2S then for
(i=jy?=Qbcm we have a, =0.45 mm. Taking

into account the finite range of the initial photo-
electron, -60 /2m, and the finite beam width,
200/2m, a resultant spread of about 0.50 mm is
obtained. From the relationship between Aq and 7.
given above we can thus estimate as about 18°.
This admittedly rather crude estimate suggests
that electron diffusion is the main but not the sole
contributor to the width of the initial positive ion
angular distribution (in argon/mclhane at gas
gains of the order 10™).

The numerical result for clearly depends
upon the assumed figure for positive ion mobility
2. In reality ionic mobility is somewhat field de-
pendent") and further, due to charge exchange,
the actual nature of the ion may change with
time. Thus . is actually a rather complicated func-
tion of field and lime. There is clearly a need for
further basic data on ionic mobilities. The present
measurements are being extended to cover a range
of time constants 7', in an effort to examine the
situation in more detail, and also to cover a range
of gas mixtures.
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ABSTRACT

A brief description is given of gas proportional detectors,
with emphasis on the development and behaviour of multiwire proportional’
counters (MWPC's). In particular, the behaviour of MWPC's as position
sensitive detectors is discussed and a description given of the various
techniques employed in obtaining and processing positional information.

A theoretical analysis of a recently discovered phenomenon,
known as angular localisation of the electron avalanche, is presented
and a study is made of induced charges, due to this avalanche, on nearby
anodes and cathodes. Formulae are developed which allow the calculation
of the induced charges, and theoretical predictions are given of how the
effect may be used to provide position signals.

An experimental system is described from which evidence has
been obtained that a high degree of angular localisation does indeed
exist. Comparisons are made between these experimental measurements
and the predictions of the theoretical model. Various fundamental
limitations are discussed which indicate the feasibility of using the
localisation effect for positional interpolation between anode wires.

The experimental work is extended to observe the effects of
using several common counter gas mixtures and also of varying the
chamber geometry.

Finally some applications are discussed and suggestions are
made for future research.
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