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INFLUENCE OF RADIATION ENERGY AND ANGLE OF
INCIDENCE ON THE UNCERTAINTY IN
MEASUREMENTS BY GM COUNTERS
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This paper discusses the influence of radiation energy and angle of incidence as possi-
ble sources of uncertainties in measurements performed by GM counters. Based on the
detection efficiency of GM counters, it has been concluded that the energy of incident
radiation does not contribute to the overall uncertainty. The angle of incident radia-
tion does contribute to overall uncertainty, but only in the case of gamma radiation de-
tection. In that case, the uncertainty should be determined by using geometrical prob-

ability.
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INTRODUCTION

In the previous paper [1], by means of a process
of detecting ionizing radiation by GM counters, the
following potential sources of uncertainty were identi-
fied: the energy and incident angle of radiation, coun-
ter dead time, resolution of the instrument reading sys-
tem, instrument calibration errors, influence of
background radiation, the stochastical nature of this
phenomenon, and the influence of the overvoltage
phenomenon in measuring systems (in their wire
structures) induced by environmental electromagnetic
radiation. It has been said that the energy of incident
radiation determines the number of free, potentially
initial electrons in the counter’s tube and contributes to
the stochastical discharge time of the counter, directly
determining the nature of type A uncertainty. It has
also been said that the angle of incident radiation con-
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tributes to type A uncertainty, because the number and
position of free electrons, created by ionization, de-
pend on this angle. Nothing else was said about the en-
ergy and angle of incident ionizing radiation as
sources of uncertainties. Other identified sources of
uncertainties are theoretically and experimentally ana-
lyzed in detail. Therefore, the aim of this paper is to
consider the influence of the energy and incident angle
of ionizing radiation on measurements performed by
GM counters.

DETECTION EFFICIENCY OF
GM COUNTERS

Because a single ion pair formed within the fill-
ing gas of the GM tube can trigger a full Geiger dis-
charge [2, 3], the counting efficiency for any charged
particle that enters the active volume of the tube is es-
sentially 100%. In most practical situations, effective
efficiency is therefore determined by the probability
that the incident radiation penetrates the window of the
tube without absorption or backscattering. With alpha
particles, the absorption within the window is the ma-
jor concern, even if windows with a thickness as small
as 1.5 mg/cm? are used.

GM counters are not used for neutron detection,
because conventional gases have an unacceptably low
cross-section for thermal neutron capture. It is possi-
ble to use gases with a high capture cross-section, such
as BF; but, in that case, proportional counters are
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much more suitable. In the proportional counter, neu-
tron-induced events are of much larger amplitude than
pulses generated by background gamma rays and are,
therefore, easily distinguished. In the Geiger region,
all pulses are of the same amplitude and gamma ray
discrimination is not possible. Fast neutron gas-filled
detectors are normally operated as proportional coun-
ters, rather than as GM counters, to take advantage of
the spectroscopic information provided only in the
proportional region.

In any gas-filled counter, the detection of gamma
rays is based on the creation of secondary electrons in
the thin inner wall surface of the tube from which elec-
trons can reach the gas and create ions. Because only a
single ion pair is required, the secondary electron needs
only to barely emerge from the wall near the end of its
track in order to generate a pulse from a GM tube. De-
tection efficiency for gamma rays therefore depends on
two separate factors: the probability that the incident
gamma ray interacts in the wall and produces a second-
ary electron and the probability that the secondary elec-
tron reaches the filling gas before the end of its track.
Detection efficiency is highest when the tube wall is
constructed of high atomic number material. GM tubes
with a bismuth cathode (Z = 83) have been widely used.
Even in this case, gamma ray detection efficiency is
small and does not exceed several percents, which
means that the random process of gamma ray detection
belongs to the Poisson distribution.

INFLUENCE OF RADIATION ANGLE OF
INCIDENCE ON MEASUREMENT
UNCERTAINTY

Taking into account the above mentioned, it can
be concluded that:

— the energy of the incident radiation does not con-
tribute to the overall uncertainty in measurements
performed by GM counters, and

— the angle of incident radiation does contribute to the
overall uncertainty in measurements performed by
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Figure 1. Measurement uncertainty dependence on the
incident radiation angle

GM counters, but only in the case of gamma radia-
tion detection.

The way the measurement uncertainty depends
on the incident radiation angle is based on a geometri-
cal probability, as shown in fig. 1.

When the incident radiation penetrates the tube
wall, the area of interaction (s and s, shown in fig. 1)
depends on the radiation angle with a relation of
1/sine, which can be seen from the first approximation
and, therefore, the contribution of incident gamma ra-
diation angle on measurement uncertainty can be de-
termined from:

, 0<a <arc cos

A h
cosa TENE

where A represents the variance of the Poisson distri-
bution when the incident gamma radiation is perpen-
dicular to the GM tube.
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Kosuwbka CTAHKOBUWh, Munom BYJUCHh

YTUIAJ EHEPTUJE U YINA YIIAJHOI 3PAYEIbA HA MEPHY
HECUT'YPHOCT TAJTEP-MUJIEPOBOI' bBPOJAYA

Y papay je omucaH yTHIlaj €Hepruje M yriia ynagHor 3padyerma Kao MOTyhux M3Bopa MepHeE
HECUTYPHOCTH TIpU MepemnMa m3BpiieHnM [ ajrep-MumiepoBnm Gpojaunma. Ha ocHOBY edmkacHOCTH
perexuuje ["ajrep-MunepoBor Gpojaya, MOXKe ce 3aKIJbYUUTH JIa CHEPIHja YIaJHOT 3pavctha He yTHIe Ha
YKYIIHY MEPHY HECUTYPHOCT. YTa0 YIaJHOT 3padera yTUUe Ha MEPHY HECUTYPHOCT, alli CaMo Y CIIy4ajy
JeTeKnMje rama 3padyewma. Y TOM CIy4yajy, MEpHa HECUTYPHOCT MOXKe fla ce ofpenu Kopucrehu

TeOMETPHjCKY BEpOBaTHOAY.

Kmwyune peuu: mepra necuzyprocia, I'ajzep-Muaepos 6pojay, enepzuja 3paderba, YUaoHU yZao 3padersa



