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ABS'T'RACT

This thesis describes the development of a gas scintillation
drift counter as a high counting rate X-ray detector. The new device
is a modified version of the gas scintillation counter which is capable
of working in a digital mode at a quite high rate without producing
space charge effects.

A gas scintillation drift counter has been built to investigate
its behaviour using a gas mixture of argon and nitrogen. Scintillation
and transport properties of the gas mixture have been studied using an
Am241 ag—particle source and a (Fe55) 5.9 keV radioactive X-ray source
in order to obtain optimum relative compositions of argon and nitrogen.
The effects of various operating parameters on the energy resolution of
the counter and the characteristics of output pulses have been
extensively studied. When deciding on the counter parameters and
operating conditions, a special emphasis has been placed on conditions
which produce a minimum of space charge around the anode, and small
pulse-widths.

Pulse response, gain variations with counting rate and stability
of the RCA 8575 photomultiplier used to detect scintillation light have
been investigated using a light emitting diode pulser, a constant light
source and primary scintillation pulses from 6.9 keV X-rays. An
increase in the amplitude of output pulses and a change in the dynode
potentials with pulsing rate have been observed when operating the photo-
tube with a resistive potential distribution network attached to its
dynodes. These variatioas have been successfully eliminated by stabil-

ising the dynode potentials using emitter follower configurations.



i An energy resolution of 30% has been obtained using 5.9 keV
X-rays with a gas amplification factor of about 20. Tests which have been
done using cobalt Kag-rays reveal that the resolving time of the counter
system increases with the anode voltage and for a fixed discrimination
level of 25 mV it varies from 43 ns at the anode voltage of 2600 V to
67 ns at 3000 V. An energy resolution of 40% has been obtained with
cobaltKIa X-rays at a counting rate of 6 MHz and with a gas amplifica-
tion factor of 15. The characteristics of the scintillation pulses
are found to be degraded with increasing intensity of the X-ray beam

because of coincident events. However, a counting rate of 9.5 MHz has

been achieved with this counter at the expense of its energy resolution.
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CHAPTER ONE

INTRODUCTION

With the advent of high intensity radiation sources, the particle
detection technology has advanced considerably. New particle detectors
have been invented and remarkable improvements have been made in data
acquisition methods. Fast detectors with qualities such as good energy
and spatial resolution and nano second electronics have been the obvious
choices in most high energy applications. One such application which

b Y
requires detectors with such qualities is the newly developed synchrotron
radiation research. Synchrotron radiation is emitted when an electron or
positron experiences a radial acceleration. The characteristics of the
radiation emitted from the latest electron storage rings show that the
emission is white and mainly confined to the X-ray and vacuum ultraviolet
(VUV) regions. The intensity of these radiations is a few orders of
magnitudes higher than that emitted by the most powerful X-ray machines
and they have no competitors in the VUV region. A typical intensity
spectrum of the synchrotron radiation emitted by a modern storage ring is
shoyn in figure 1. Most of the synchrotron radiation work, for example
investigation of'extended X-ray fine structure' (EXAFS) and researches on
biological materials require high rate counting devices with reasonable
energy resolution. However, the statistical nature of the occurrence of
interaction events makes the realisation of the above reguirements more
and more difficult at high flux rates. Hence a fast detector with a very
short output pulse width is required to meet their demands.

1.1 CLASSIFICATION OF PHOTON COUNTERS

The conditions under which ionizing events fail to be recorded

depend on the characteristics of the ggggper and in this respect photon
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counting systems can be broadly divided into two major categories. The
first of the two typos is the paralyzable counter which is unable to
provide a second output pulse unless there is a time interval,p, called
the dead time of the counter after an initial event. Examples of
paralyzable counters are Geiger-Muller counters and flash tube detectors.
The second type is the non-paralyzable counter. With contrast to the

former type it does not exhibit complete paralysis.

Examples of this type are scintillation coynters, proportional counters

and ionisation chambers. However, the performance of proportional counters
at high rate deviates slightly from this non-paralyzable behaviour due to
the formation of space charge around the anode wire. This effect will be
described later in this chhpter.

1.2 PROPORTIONAL COUNTERS AT HIGH COUNT-RATE

Perhaps at first sight, the choice one would make out of the non-
paralyzable detectors for high rate soft X-ray counting and energy measure-
ments would be the proportional counter. After the pioneering work of
Charpak(z) and collaborators at CERN and by a large number of other groups
all over the world the proportional chamber has become one of the fastest
detectors used in high energy physics experiments.

The proportional counter consists essentially of a cylindrical
cathode or two parallel cathode planes and a very thin anode wire at the
centre, see Fig.(2). Ionizing particles traversing the counter produce
electron - ion pairs in the gas. A strong positive potential applied to the
anode wire accelerates the electrons to produce avalanche multiplications
around the wire. All the free electrons thus created are collected at the

anode during a very short period and they produce a fast current signal

at the detector output. In the proportional region of the counter, the
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boltage signal is proportional to the ionisation deposited by the

incoming par:cicle. However it has been observed(3) that the output

pulse from a cylindrical proportional chamber ceases to be strictly
proportional to the initial ionisation when the absolute value of the
output charge exceeds some critical value, Q, which corresponds to

losing 'th8 eV in the gas of the counter if there were no charge amplifica-
tion. It is clear from this result that the avalanche multiplication in
proportional counters imposes a limit to the radiation handling capacity
of the counter. This effect can be understood as being due to the forma--
tion of space charge around the anode wire by the slow moving positive ions
which reduce the local electric field around the wire. This effect not
only degrades the energy resolution of the detector at high flux rates,

but also reduces the amplitudes of the output pulses with the rate.

Figure 3 shows the reduction of pulse heights of 5.9 keV X~-rays with count-

(4)

ing rate in a drift proportional chamber , for several anode potentials.

The drop in pulse height with counting rate also has a dependence(s)

on the enerqgy of the incident X-rays. This effect has been demonstrated(o)
by using 5.9 keV and 6.9 keV X-rays and is shown in Figure 4. All these
factors clearly suggest not only that conventional proportional counters

are incapable of handling large flux rates, but also indicates that the
ability of gaseous counters to operate at high count rates mainly depends on

suppression of the space charge formation inside the counter.

1.3 GAS SCINTILLATION PROPORTIONAL COUNTERS

One of the remarkable achievements in gaseous detector technology
is the gas scintillation proportional counter (GSPC). Apart from its
other attractive properties as a high rate counter the GSPC provides an
alternative solution to space charge problems in conventional proportional

counters. The basic operation of the gas scintillation proportional counter
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with increasing pressure in all gases which they studied.

Another major step towards the development of the GSPC was
reported by KOCh(l4-15) in 1958 and 1960. She studied the influence
of a uniform electric field on the luminescence of xenon at atmospheric
pressure excited by 4.7 MeV a-particles. The scintillation emission was
observed with a quartz window photomultiplier. She found a major light
amplification effect ; that is an increase in the scintillation pulse
height with increase in the applied electric field. Koch's results of
the multiplication coefficient as a function of the electric field are
shown in Figure 5. The shape of the scintillation pulses are shown in
Figure 6. It is seen that the amplified light pulse corsists of two
components:

(a) A prompt primary component with rise time <20nS

(b) A secondary component delayed by a time tD% 5-10u sec relative

to the prompt component.

These effects were observed to occur even when the applied electric
field was insufficient to produce charge multiplication. Koch proposed
that the secondary component was due to the electrons liberated by the
o-particle acquiring sufficient energy under the influence of the field to
excite, but ﬁot to ionize, the atoms of the gas. The secondary component
was thus attributed to excitation of the gas by electrons accelerated by the
field. This phenomenon has been confirmed by Conde and Policarpo(lG) using
a counter similar to the cylindrical proportional counter, and a photo-
multiplier.

The real breakthrough in the developemnt of gas scintillation prop-
ortional counter in its present form came with the work by the Portuguese
p(17--]9)

grou headed by Policarpo. In order to optimise the detection of

the emitted light, they made a systematic study of the parameters such as















field in the regions which are away from the anode wire. This field

is created in the chamber by applying a negatively increasing potential

to the cathode wiressstarting from the wires above and below the anode
wire. Although the principles of operations of the GSDC are the same

as those of GSPC, this device has an added advantage that the X-rays
converted awéx from the anode wire are drifted quickly towards the wire
and produce much shorter pulses than those in a GSPC. A detailed descrip-
tion of this.device,including the applicaé&on of a drift field will be

presented in Chapter three.

1.6 THE GSDC AS A HIGH RATE COUNTER

In fast X-ray counting the gaseous scintillation counter has a
number of advantages over other counters. Firstly gas scintillators are
among the fasﬁest of the scintillator materials. The optical coupling
of the output together with other excellent properties such as very high
gain, low output noise level and very fast response, qf the photomultiplier
make the QSDC extremely low noise and operational in noisy (electrical)
environments. T@e low noise level of a gaseous counter is an important
factor which allows the counter to operate,at low pulse heights (i.e. low
| space charge levels) and thereby to reach high count rates. Another
remarkable property of the gas scintillation propo;tional counter is that
the pulse shape and rise time are independent of the counter capacitance.
This is extremely useful when building large area detectors.

The competitors to GSpC's in fast X-ray spectroscopy are scintilla-
tion counters, semiconductor détectors and proportional counters. The
ionization chamber, although it seems to be the only counter that can cope
with extremely high count rates, suffers two major drawbacks, in X-ray

spectroscopy. They are the lack of energy resolution and failure to provide

a digital output.






1.7 PRESENT WORK

This thesis describes the development of the gas scintillationdri ft
proportional counter as a high rate counter. The investigations were
mainly aimed at the following objectives :

(1) Minimization of the secondary light pulse width.

(ii) Optimization of the secondary light production and

obtaining a modest valée for the energy resolution which

change as little as possible with count rate (for x-rays).‘

Tée width of. the secondary scintillation pulse is determined by
the scintillation properties of the gas and the time taken by the primary
electrons to drift across the light producing region. The properties of
gas scintillators indicate that the addition of small quantities of
molecular gases to pure atomic (noble) gases greatly reduces the width of
the scintillation pulse. It was apparent from data available on gas
scintillatofs that an argon-nitrogen mixture possessed the attractive
features of a 'fast' gas scintillator. The general properties of gas
scintillatbrs and the factors which led to choose argon-nitrogen mixture
for this study will be discussed in the next chapter. The principles‘of
operation of GSPC will also be discussed in a latéi chapter.

Thévproperties of gas mixtures have been studied in order to find
a suitable composition which yields a high secondary scintillation output
with small pulse width. The basic properties of the GSDC including output
pulses and the effect of the anode wire diameter on the counter performance
have also been investigated to obtain the optimum counter parameters.

Thé photomultiplier plays an important role in this work. Its
performance was tested at high rate using a light emitting diode pulser.

It was clear from the data available on the performance of photomultipliers

(PM) that the PM gain was a function of the count rate because of the

10



variations of dynode potentials supplied by ordinary resistive potential
distribution networks with count rate. This effect has been investigated
and the potential diatribation network wan moditlaed to stablllse the galno.
Finally the system has been tested with radioactive X-ray sources and

an X-ray machine. The results of these investigations will be described
in appropriate chapters. The electronics used in the data acquisition

will also be described.
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(3) Electronic energy transfer between molecules.

In most cases, processes 1 and 2 are intramolecular and process 3
is intermolecular. The various intramolecular and intermolecular processes
for the dissipation of electronic energy are discussed below.

The dissipation of energy through radiationless transition begins
immediately after the excitation process has ended. First the excess
vibrational energy is rapidly dissipated to the surrounding medium (within
a time of "lo—13 seconds) and the system is deactivated .0 the zero vibrational
energy level of the excited electronic state. Secondly, if there is any other
electronic state whose potential energy function crosses that of the excited
electronic state and which has a vibrational level iso-energetic with the
zero vibrational energy of the excited state, transfer to the other electronic
state occurs. This process, which is known as the internal conversion when
the transitions occur between states of the same multiplicity, and otherwise
as intersystem crossing, takes place at an extremely rapid rate if the
transitions belong to the former type. (The rate constants for singlet -
singlet transitions are in the range loll--lo13 sec-l).

The deactivation of the excited molecules can proceed.through

radiative transitions between different energy levels of the molecules.
The transitions to higher or lower energy levels are governed by a set of
selection rules. 1In general the life times of the transitions allowed by
the selection rules are much shorter (10-8-10- sec) than those of the
forbidden transitions. In the case of noble gases the excited states
from which the transitions to the ground state are forbidden have a long
life time (usec ) and are called metastable states.

The third process, the energy transfer between molecules,occurs

at all but very low pressures, when the radiative life time of the excited

molecules is smaller than the time between collisions of the excited molecules

15





















Xenon are

Xe : Kr : A : Ne : He = 1.0 : 0.52 : 0.16: 0.043 : 0.33.

These results are in fair agreement with the relative scintillation
efficiencies obtained by sayres and Wus,and some of their results are

shown in Fig.6. The mean quantum efficiency of conversion of the primary
excited atoms and ions, produced during the interaction of ionising radiation
with the gas ,into scintillation photons has been computed by Birksg.

The number of ions and excited atoms produced by a particle of energy E

10
interacting with a noble gas is given by

and

ex i

where I 1s the ionization potential.

Thus the total number of primary ions and excited atoms is

N. + N = 0.84~E
i ex I

and these are converted with a mean quantum efficiency a into the N
scintillation photons, so that

0.84 Eq

I (2.1)

= q + =
N q (Ni Nex)

values for a can be estimated using the N/MeV value for anthracene
9
3 . . s . . s
(1.5 x 10) and its relative scintillation efficiency (o N) compared to
7
Xe (see Table 2.2) and other noble gases . Table 2.1 shows the number of

ions, excited atoms and photons per MeV (o-particles) and the mean quantum

conversion efficiencies for the noble gases. According to Table 2.1, xenon,

19



though expensive, is the most suitable gas to use as a gas scintillator.
A much cheaper gas is argon, but its scintillation efficiency is considerably
smaller than that of xenon.

The scintillation efficiency of the gases deteriorates due to
quenching effects such as collisional quenching and internal quenching.
For the noble gases, the latter effect is not important, but the collisional
quenching processes reduce the intensity of the line emissions from various
optical levels. In the case of molecular gases, however, both effects

may be equally important.

Gas I(ev) | N, +N__ N q
Xenon 12.1 6.9 x lO4 lo4 0.14
Krypton 13.9 6.0 x lO4 5.2 x lO3 0.087
Argon 15.7 5.3 x 104 1.6 x lO3 0.03
Neon 21.5 3.9 x lO4 4.3 x 102 0.011
Heliun 24.5 3.4 x lO4 3.3 x lO3 0.10

TABLE 2.1 : Number of ions, excited atoms and photons produced per
one MeV a-particle, and quantum conversion efficiencies

for noble gases

Consider a gas whose molecular number density at pressures p and

pa (pa = 760 Toryxr) are N and Na respectively so that at constant temperature
N=Np/ .
a’'p,
Suppose there are n excited states present in the gas at a given

3

- -1 -
time. If kf(sec l), ki(sec ) and kc(cm sec l) are the rate constants of

fluorescence, internal quenching and collisional quenching, then the quantum

20



















































































































































F1G.12 Photograph of the counter.

































































































































































































































































































FIG.10 Photograph of the phototube base.
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