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This work considers the manifestation of spontaneous breakdowns of Geiger-Mueller coun-
ters. This is an experimental type of work. The reasons leading to the spontaneous break-
downs of Geiger-Mueller counters have been analysed under controlled laboratory condi-
tions. The experiments were carried out under the “constant voltage”. The tested
Geiger-Mueller chambers were commercial chambers of the radial electric field and homoge-
nous electric field. The experimental-statistical methods were used in order to choose the
chambers with identical features (with 0.1 % of statistical reliability).The results of experi-
ments showed that the spontaneous breakdown of the Geiger-Mueller counter happens even
in the conditions of shielding. They also showed that those breakdowns have cumulative fea-
tures. The reason for that is a positive feedback between the spontaneous breakdowns. The
explanation is confirmed and quantified by the working gas filtering experiments.
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INTRODUCTION

The Geiger-Mueller counter (GM counter) is a
gas detector working on the basis of gas multiplication,
as well as the work of the proportional counter. Every
primary electron in the proportional counter creates an
avalanche that is independent from the other ava-
lanches. Since all avalanches are approximately the
same, the gathered electric charge is proportional to the
number of primarily generated electrons. The GM
counter uses the stronger electric field which makes the
avalanches more intense. One avalanche can cause an-
other somewhere else in the tube. Above the critical
value of an electric field, each avalanche causes at least
one more avalanche and that is how self-maintained
electric discharge happens and it is known as Geiger
discharge. By further expanding the electric field, the
number of avalanches during the discharge grows.
When a certain fixed number of avalanches is reached
within one discharge, the collective effects of all ava-
lanches terminate the chain reaction and the discharge
quenches. Since approximately the same number of av-
alanches quenches every discharge, all the impulses of
the GM counter have the same amplitudes, irrespective
of the number of primarily generated ion couples which
start the process. The GM counter can function only as a
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counter of the events caused by the action of ionizing
radiation and not as a spectrometer, because the infor-
mation about the energy that the entering radiation
quantum transfers to gas gets lost [1-4].

In order for the GM counter to function in the de-
scribed manner, certain conditions need to be fulfilled
so that the entering ionizing radiation starts the ava-
lanche which will, by a self-maintaining mechanism,
lead to the breakdown. That, primarily, means that the
working point of the GM counter tube, determined by
the tube voltage N and the product of stress and
interelectrode distance, is in a state of unstable bal-
ance. lonizing radiation, in spite of the great energy it
has on the microscopic scale, is not capable of causing
any effect on the macroscopic energy scale. That is
why the GM counter tube has to be in the state of unsta-
ble balance, i. e., its voltage should be less than the
value of the breakdown voltage, but still very close to
the value so that the breakdown can be triggered by the
energies of the microscopic scale [5, 6].

However, the breakdown voltage is by its nature
a statistical value, which means that the working point
that is not properly set can cause great measuring un-
certainties type A [7-9]. In order for that to be pre-
vented, the minimization of uncertainty type A must be
taken into consideration when determining the work-
ing point of the GM counter (i. e., operating voltage).

The goal of this paper is to experimentally deter-
mine the existence of spontaneous breakdowns in the
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GM counter tube without the influence of outer radia-
tion. The experiments are performed by the long-term
method of “constant voltage” without the presence of
sources of ionizing radiation. Such results shall be in-
terpreted using the Theory of the Electric Discharge
Through Gases. Theoretically expressed explanations
of the results shall be additionally checked by other
types of experiments.

THE CHOICE OF VARIATE

The choice of variate to describe the breakdown
process depends on the incurred physical or technical
problem. In most experiments random variate break-
down voltage U is directly investigated. If the experi-
ments relate to the measurements on insulating ar-
rangements to be installed in the system of a certain
operating voltage, then it is recommended that it stays
with the random variate breakdown voltage. The per-
formance function of the breakdown voltage will then
be comparable with the insulation level, the test volt-
ages or the distribution functions of the overvoltages.
The voltages with clear, unambiguous parameters
must be used in the experiment. Breakdown voltage
performance functions for different stress durations
are needed for statistical consideration of the time ef-
fect [10].

In the case of slightly non-uniform insulation ar-
rangements (one of which is the GM counter cham-
ber), we are often interested in breakdown voltage
generalization. The Schwaiger relationship can be
used for simple calculation of the variate maximum
breakdown field-strength from the variate breakdown
voltage for an insulation arrangement with an elec-
trode gap d and degree of uniformity n

Eg =— )
dh dn

If curvature factor e, which describes the influ-
ence of electrode curvature on the breakdown process,
is also known for the insulation arrangement con-
cerned, then the variate dielectric strength £, can be
introduced as a material property

Egw _ Ug
E,=—%=—F 2)
ey, dne,

This strength is also a function of the duration of
the applied stress, fig. 1(c). Itis sometimes technically
expedient (and physically meaningful) to use a ran-
dom time factor to describe the random nature of the
breakdown process

_Ey(1)
EdO

where Ey is the strength at a given time.
Such an approach proves satisfactory when con-
sidering a breakdown which is the result of random

X, 3)

Figure 1. GM counter with coaxial electrodes (chamber
A) (a), and GM counter with plan-parallel electrodes
(chamber B) (b)

processes (which is the case with the GM counter). By
analogy to time factor K, it is always recommended to
introduce the selected variates if they can be used to
describe the random breakdown process and permit
the generalization of the test results.

Finally, itis advantageous in many problem situ-
ations to consider the variate breakdown time 7; em-
pirical distribution functions F(7}). In special cases, it
also seems quite reasonable to deteremine breakdown
time performance functions.

EXPERIMENT

The investigation of the stability of the working
point stochasticity of the GM counter was performed
by the constant voltage method [11, 12]. The commer-
cial types of GM tubes were used: type 1 with a coax-
ial electric field and type 2 with a homogenous electric
field, fig. 1.

The experiments were done on 20 GM tubes of
type 1 and the same number of GM tubes of type 2 cho-
sen by preliminary examination from a much greater
number. The tubes used were new, commercial, GM
tubes as well as 5 years old, 1 year old tubes, and tubes
ofthe same types were used. Also, the experiment was
carried out on the tubes after the working gas filtration.
The working gas was filtrated by a paper filter which
contained particles of zeolite 1. Figure 2 shows the
working gas filtrating system for the GM counter.

The preliminary examination was carried out by
measuring 50 values to breakdown voltage of each in-
dividual GM tube where the speed of voltage increase
was 8 Vs, The interval between the two consequent
breakdowns was 1 minute. Based on the resulting val-
ues, the unique, statistical sample of random variate d.
c. breakdown voltage was formed. From such a
formed sample, by further application of the U-test, 20
GM tubes were chosen for type 1 and the same number
of tubes for type 2 whose values of the breakdown
voltage differed less than 0.1 %.
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Figure 2. The working gas filtrating system for the GM
counte; /, 5, 10— pressure gauges, 2 4, 6, 8, 9, 11 —two-way
valves, 3 — GM counting tube, 5 — pressure gauge, 7 — filter,
12 — compressor

-
o

T T T T

o
[

o
i

o
o

_//\v’:::

1 L I L I I I >

1 2 3 4 5 6 7 8 9 10 t[s]

Empirically determined probability
of a breakdown
o
(2]

o
=)

Figure 3. Empirically determined probability of a
spontaneous breakdown of the commercial GM tube
depending on time; non-uniform geometry (cylindrical);
homogeneous geometry (plate-plate), breakdown time in
days; — non-uniform geometry, --- homogeneous
geometry

The process of statistical determination of spon-
taneous breakdown of GM tubes was measured by a
measuring circle shown in fig. 3. The measuring was
entirely automatized. Simultaneously, 20 GM tubes of
the same types were positioned in the measuring sys-
tem. All the examined tubes were set in a lead box with
15 cm thick sides (to prevent the possibility of break-
down of the tubes due to secondary cosmic radiation).
The value of the d. c. voltage for each tube was equal to
the value of the voltage at a working point. Whenever
a breakdown happened in a GM tube, the time of the
breakdown was marked. After 50 breakdowns the
value of the d. c. voltage increased by 10 % and the
measurement was repeated. This procedure was re-
peated until the d. ¢. voltage of GM tubes reached the
value of the d. c. breakdown voltage of GM tubes. The
same procedure was practiced with alleviating values
of the d. c. breakdown voltage. The minimizing of the
d. c. bracakdown voltage value was repeated until the
situation when 100 hours passed without spontaneous
breakdown [13, 14].

For each value of the d. c. breakdown voltage,
the statistical sample of the random variate spontane-
ous breakdown time was formed. Such a statistical
sample was tested for qualification for Normal,
Weibull and double-exponential distribution. The test-
ing was done graphically by the Hi square test. The
analysis of such results enabled the determination of
frequency of possibility for spontaneous breakdown
of the GM counter tube.

RESULTS AND DISCUSSION

Noble gases with the addition of a mixture for
quenching are, conditionally, a completely renewable
insulation. However, the initiation of electric discharge
within the GM tube requires the existence of free elec-
trons, the formation of which is the biggest problem for
obtaining and interpretation of the results associated
with the statistical overview of the insulation properties
of the GM counter in the conditions of the descriptive
experiment. Namely, secondary cosmic radiation is
considered responsible for the formation of the largest
number of free electrons in gases. This source is impos-
sible under the experimental conditions due to the
shielding. Other free electron sources (neutral atom
vessels from Maxwell's distribution tail, collisions of
metastables are also impossible or have a negligible ef-
ficiency). Therefore, a spontaneous breakdown of GM
tubes would be unlikely if there were perfectly cooled
electrode surfaces and a new one. This is confirmed by
the results shown in fig. 3.

Figure 3 shows the empirical probability of a
spontaneous breakdown of a new commercial GM
tube, depending on the time.

Figure 4 shows the empirical probability of a
continuous breakdown of the used GM tube depend-
ing on time.

Figure 5 shows the dependence of the spontane-
ous breakdown empirical probability of the new com-
mercial GM tube, non-uniform geometry (cylindrical)
on the time, with a percentage increase in operating
voltage as a parameter.

Figure 6 shows the dependence of the spontane-
ous breakdown empirical probability of the new com-
mercial GM tube of homogeneous geometry
(plate-plate) on time, with a percentage increase in op-
erating voltage as a parameter.

Figure 7 shows the dependence of the spontane-
ous breakdown empirical probability of the commer-
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Figure 4. Empirically determined probability of a
spontaneous breakdown of used GM tubes depending on
time; 1 - GM tube of non-uniform geometry (cylindrical)
used for five years; 2 — GM tube of non-uniform
geometry (cylindrical) used for one year; 3—GM tube of
homogeneous geometry (plate-plate) used for five years
and 4 — GM tube of homogeneous geometry (plate-plate)
used for one year
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Figure 5. The dependence of the spontaneous breakdown
empirical probability of the new commercial GM tube,
non-uniform geometry (cylindrical) on the time, with a
percentage increase in operating voltage as a parameter
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Figure 6. Dependence of the spontaneous breakdown
empirical probability of the new commercial GM tube of
homogeneous geometry on time, with a percentage
increase in operating voltage as a parameter

cial GM tube used for five years on time, with a per-
centage increase in operating voltage as a parameter.

Figure 8 shows the spontaneous breakdown em-
pirical probability of the commercial GM tube used for
five years of homogeneous geometry (plate-plate) de-
pending on time, with a percentage increase in operat-
ing voltage as a parameter.

Figure 9 shows the breakdown empirical proba-
bility of the new GM tube of non — uniform geometry
(cylindrical), depending on time with a percentage in-
crease in operating voltage as a parameter.

Figure 10 shows the breakdown empirical prob-
ability of a GM tube used for five years of non-uniform
geometry (cylindrical), depending on time with a per-
centage increase in operating voltage as a parameter.

Figure 11 shows the breakdown empirical prob-
ability of a GM tube used for five years of homoge-
neous geometry.

Figure 12 shows the determined probability of
spontaneous breakdown of a GM tube used for five
years of homogeneous and non-uniform geometry be-
fore and after filtering of operation gas.

The obtained results show that there is a sponta-
neous breakdown of the GM counter tube in the condi-
tions of a long-term experiment. Since the operating
point of the GM counter tube is chosen so that the tube
can hold in conditions of a labile balance, the sponta-
neous breakdowns could be explained by small volt-
age fluctuations and/or pressure in the tube. However,
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Figure 7. Spontaneous breakdown empirical probability
of a commercial GM tube used for five years non-uni-
form geometry (cylindrical), depending on time with a
percentage increase in operating voltage as a parameter
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Figure 8. The spontaneous breakdown empirical
robability of the commercial GM tube used for five years
of homogeneous geometry (plate-plate) depending on
time, with a percentage increase in operating voltage as a
parameter
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Figure 9. The breakdown empirical probability of the
new GM tube of homogeneous geometry (plate-plate),
depending on time with a percentage increase in
operating voltage as a parameter
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Figure 10. The empirically determined breakdown
probability of the GM tube used for 5 years of
non-uniform geometry, depending on time
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Figure 11. Empirically determined breakdown probabil-
ity of the GM tube used for 5 years of homogeneous
geometry (plate-plate) depending on time with a
percentage increase in operating voltage as a parameter
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Figure 12. Empirically determined probability of
spontaneous breakdown of a GM tube used for 5 years 1 —
non homogeneous (*) geometry before filtering, 2 — homo-
geneous (x) geometry before filtering, 3 — non homogeneous
(*) geometry after filtering, and 4 —homogeneous (x) geom-
etry after filtering

for this kind of explanation, the existence of a higher
density of free electron gas in the GM tube would be
required. Since free electrons (potentially initial) oc-
cur mostly as a consequence of secondary cosmic radi-
ation, it can not be expected in the case of the shielding
around the GM tube.

The occurrence of free electrons as a result of a
collision of noble gas neutral atoms from the
Maxwell's distribution tail can be the cause of ioniza-
tion and the emergence of a free electron that can, un-
der the aforementioned conditions, initiate a spontane-
ous breakdown. The probability of such a process is
not big, and it should not have a cumulative nature
which is noticeable in the experimental results (. e.,
such an initiated occurrence of spontaneous break-
downs should depend on time).

Based on the increase in the number of GM coun-
ter tube spontaneous breakdowns, it can be concluded
that there is positive feedback between the breakdowns
(chronologically observed). That positive feedback,
which leads to an increase in the number of spontaneous
breakdowns over time, may be the consequence of the
appearance of conductive particles in the gas and/or
electrode topography changes due to previous break-
downs. Namely, the spark by which the breakdown is
carried out is in the state of thermo-ionized plasma. Due
to the high temperature, the spark is also subject to high
pressure (in accordance with the gas state equation).
The high temperature leads to melting of the electrode

surfaces at the point where the spark is formed. At the
moment of spark-suppression, there is an explosion of a
sparkle channel under high pressure (this explosion is
the source of sound that can be heard during the occur-
rence of any spark). Explosion of the spark channel
causes the molten electrode material scattering into the
inter-electrode space and creates a crater at the site of
the explosion. The discharged electrode material in the
inter-electrode space is cooled in droplet form (due to
the effect of surface voltage). The formed craters usu-
ally have sharp edges [15, 16]

The appearance of conductive particles in the
electrode space perturbs the electric field, and they can
become the source of new free electrons by the effect
of cold emission. The resulting craters with their sharp
edges can also create free electrons by cold emission,
but also by the emission of photons that can ionize at-
oms of noble gas. The results of fig. 12 indicate that
both of these phenomena are present in commercial
GM tubes and that the particle appearance in the gas
inter-electrode space contributes to 40 % of spontane-
ous breakdowns, and the electrode topography
changes by about 60 %. These phenomena are more
expressed with GM tubes with non-uniform fields due
to a larger increase in the local field near the particles,
or the crater. Regarding the change in the number of
spontaneous breakdowns with the increase or decrease
in operating voltage, this is in line with the previous
consideration.

CONCLUSION

Based on the results of long-lasting experiments,
it was found that the occurrence of spontaneous break-
downs of the GM counter tube caused a positive feed-
back. This feedback leads to an increase in spontane-
ous breakdowns over time. As a cause of the formation
of'this feedback, irreversible changes of the GM coun-
ter tube insulation system were identified, during the
breakdown. These changes are the result of punctual
melting of electrode surfaces during breakdowns. The
melting of electrodes leads to the appearance of con-
ductive particles in the inter-electrode space and crater
formation on electrode surfaces. These changes create
new free electrons in the zone of high values of the
electric field, which initiates spontaneous discharges.
In order to reduce the effect of spontaneous emission,
it is recommended to: (1) use GM tubes with a lower
degree of non-uniformity of the electric field; (2) use
material for the production of electrodes with a lower
output operation value, greater melting point value,
and higher thermal conductivity values.
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Mapuja . OBPEHOBWH, Ano J. JAHWKUJEBWR, Jamoop C. APBYTUHA

CTATUCTUYKU IMPUKA3 N30JALNOHE
CIIOCOBHOCTU TAJTEP-MUJIEPOBOI' BPOJAYA

Y paay ekcnepuMEHTAJHOT THIA pa3MaTpa ce IOojaBJbUBaI-E CIOHTAHMX Ipopaga [aj-
rep-Muneposor 6pojaua. [Tog 1oOpo KOHTpOIUCAHUM J1a00PATOPHjCKUM yCIOBAMA UCIUTUBAHO j€ KOjH
pas3no3u [0BOjie 1o croHTaHor otkasa ['ajrep-MusnepoBor Opojada. ExkcnepuMenTn cy o6aBibaHU TOJ
“cramanM HatoHoM”. ictmtuBane ["ajrep-MusepoBe KoMmope 6mite cy KoMeplyjajiHe KOMOPE pajinjaiHoT
€JICKTPUIHOT TI0Jha M XOMOTEHOT EJEKTPUYHOr ToJba. [ajrep-MmiepoBe KoMope Cy eKCIepHUMeH-
TAITHO-CTATUCTHIKAM METOfIaMa n3abpaHe 1a mMajy uaeHTnaHe Kapakrepuctuke (ca 0,1 % cratucrmuke
noy3pmanoctn). EkcriepuMeHTanHo JoOujeHr pe3yaTaTi NOKAa3aJld Cy 1a U IOJ] YCJIOBUMA 3alITHTE JJOJIa3u
I0 CIOHTaHOr oTmymTama [ajrep-MunepoBor 6pojada. Takohe je mokazaHO jja T OTKa3M IOKa3yjy
KyMyJaTUBHE KapakTep. To je 06jalimbeHO TO3UTHBHOM HOBPATHOM CIIPEeroM n3Mehy CIOHTaHuX MMOKpeTa.
O6jammeme je MOTBpheHO U KBAaHTU(PUKOBAHO EKCIEPUMEHTHMA ca (PUIITpUpamhEeM PaHOT raca.

Kwyune peuu: I'ajzep-Munepos 6pojau, ciloniliaHu OMiKa3, eKcilepumeHitl ca uatllpuparbem paoHoz

2aca



