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Abstract - The hybrid dead time model adopting paralyzable (or extendable) and
non~paralyzable (or non-extendable) dead times has been introduced to extend the usable
range of G-M counters in high counting rate environment and the relationship between true
and observed counting rates is more accurately expressed in the hybrid model. GMSIM, dead
time effects simulator, has been developed to analyze the counting statistics of G-M counters
using Monte Carlo simulations. GMSIM accurately described the counting statistics of the
paralyzable and non-paralyzable models. For G-M counters that follow the hybrid model, the
counting statistics behaved in between two idealized models. In the future, GMSIM may be
used in predicting counting statistics of three G-M dead time models, which are paralyzable,
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non-paralyzable and hybrid models.
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Introduction

The G-M counter is an excellent radiation
detector since it is rugged, stable in operation,
inexpensive and versatile in detecting radiations.
It only lacks the capability of spectrometry and
high counting rate measurement. The first
disadvantage comes from the basic detection
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mechanism of the G-M counter which cannot
be modified. It is possible that the useful
counting rate range of G-M counter systems
can be extended if the high counting rate
behavior due to dead time effects can be
accurately described. The hybrid dead time
model has been developed and is widely used
in many applications along with two idealized



270

models [1, 2]. However, the counting statistics
of the hybrid model is not fully established. In
this paper, GMSIM, dead time effects simulator,
has been developed to analyze the counting
statistics of G-M counters using Monte Carlo
simulations.

Dead Time Models

Relatively long dead time of the G-M counter
sets major drawbacks on the use of the counter
at very high radiation counting rates. The
deviation between true and observed counting
rates are usually explained in limited ways with
the paralyzable or the non-paralyzable model
{3l

In the non-paralyzable model, or Type I
model as given in Feller (1948, [4]) and Evans
(1955, [5)), the dead time is non-extended and
radiation events occurring during the detector
dead times are not counted. The important
relationship between true and observed counting
rates is given by:

n

m=
1+n7,, (D

where m is the observed counting rate in
counts/s, n is the true counting rate in counts/s,
and Tne is the non-paralyzable counter dead
time in sec [6].

In the paralyzable modell7-10], or Type I
model as given in Feller and Evans, when a
radiation event occurs during the detector dead
time, the event is not counted but the dead time
is extended. The relationship between true and
observed counting rates is given by:

m = nexp(-nr,) @)
where Tp is the paralyzable counter dead time in s.

To extend the useful range of the G-M
detector a new hybrid G-M counter dead time
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model (Lee and Gardner, 2000, {2} with two
dead times has been introduced by the authors
recently. The new combined hybrid model is

-nt
m=nexp( nt,)

1+nz,, (3)

where Tnp and Tp represent the non-paralyzable
and paralyzable dead times.

Monte Carlo Simulations of Dead
Time Effects

To numerically simulate the dead time
behavior of a G-M counter, the Monte Carlo
G-M counter simulator, GMSIM, has been
developed. GMSIM requires detector dead times,
a true counting rate and a measurement time as
input data and produces observed counts as
output. Inside the GMSIM code an interval, At,
between two radiation events are randomly

sampled from the well-known interval
distribution (p.d.f), which is
f(At) = nexp(—nAt) At20 (@)
and its corresponding c.d.f, which is
F(Af)=1-exp(-nA1)  At20 5)

Then the sampled interval is compared with
the dead times, paralyzable and non-paralyzable,
to determine if the radiation event is observed
or not and also to determine if the dead time is
newly extended or not. The validity of the code
has been checked by calculating the observed
counting rates for three G-M dead time models,
a non-paralyzable model case with a dead time
of 300 usec, a paralyzable model case with a
dead time of 300 Usec and a hybrid model case
with 250 psec non-paralyzable dead time and
50 lsec paralyzable dead time. The calculated
counting rates were presented and compared
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GMSIM: Hybrid
GMSIM: Paralyzable
Theory: Three Models
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Fig. 1. Observed counting rates as a function of
true counting rates for G-M counters with 300
usec dead time

with the theories given in equations (1) through
(3) in Figure 1. According to the comparison
results shown in Figure 1 it is clear that
GMSIM can accurately simulate three ideal
model counters as far as dead time effects on
counting rates are concerned.

For the radiation counting statistics, it is well
known that, a radiation counter without any
dead time follows Poisson statistics and the
variance of observed counts (M=mf) for
measurement time of ¢ should be

o*(mt) = mt (6)

Due to the dead time effects, the actual
counting statistics of G-M counters deviate
from Poisson statistics. For non-paralyzable
dead time model, the counting statistics differ

from the Poison statistics and the variance is
given by Mueller[6] as follows.

o(mt) = nt/(+n1® + n*1¥A+n1)

+ 2%/ +n1)Y + n'tY(6(1+n1)Y (7

For paralyzable dead time model, the variance
is given by Kosten[8] as follows.

0A(md) = mt(1-2mr+mT/8) (8)
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The theoretical formulae in the equations (7)
and (8) have been verified by using Monte
Carlo simulations (GMSIM) in which pulses
were randomly chosen from pulse time
distributions pertinent to the models. For the
non-paralyzable and paralyzable models, the
GMSIM calculation results were presented and
compared with theories in Figures 2 and 3.
Each data mark on the variance Figures
represents a calculated variance for 10000
sample cases of 1 sec measurement. Three
different random number sequences are used at
each given counting rate.

It is noted that for non-paralyzable model the
relative variance (the ratio of variance observed
to the Poisson variance) reduces to zero for
very high counting rate cases. In paralyzable
model the variance reduces to near zero at
intermediate counting rate cases and returns
back to Poisson-type variance for very high
counting rate cases. In both cases it is clear the
variance is strongly related to the counting
rates, so important detector information may be
extracted from careful observations of variance
deviations from Poisson statistics. Also note
that the data results shown in the Figures
would be unity for a Poisson type varniance. The
close matches in the Figures 2 and 3 mutually
verify the theory and the simulation at the same
time.

Theory: Mueller(NP)

GMSIM: seed1
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Fig. 2. Relative variance of non-paralyzable model (with
300 psec non-paralyzable dead time)
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Theory: Kosten(P)
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Fig. 3. Relative variance of paralyzable model (with 300
usec paralyzable dead time)
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Fig. 4. Relative variance of hybrid model (with 250 psec
non-paralyzable dead time and 50 Usec paralyzable
dead time)

Simulation results for a hybrid model case
with 250 usec non-paralyzable dead time & 50 1
sec paralyzable dead time were presented with
corresponding non-paralyzable and paralyzable
model theories in Figure 4. The variance of the
hybrid model behaves in between two idealized
models. Up to now, no satisfactory variance
model has been suggested for the hybrid model.
But the results suggest that some combining
approaches of non-paralyzable and paralyzable
models may work for the variance of the hybrid
model. For the hybrid model, the variance also

depends on the counting rates significantly.

Conclusions and Discussions

To analyze the counting statistics of G-M
counters with Monte Carlo simulations, GMSIM,
dead time effects simulator, has been developed.
The observed counting rates as a function of
true counting rates, calculated through GMSIM,
showed good agreements with already
established theories for  non-paralyzable,
paralyzable and hybrid models. GMSIM was
used in analyzing the variances of observed
counts, which deviate from well-known Poisson
statistic because of dead time effects. For
non-paralyzable model, the relative variance (the
ratio of variance observed to the Poisson
variance) reduces to zero for very high counting
rate cases. In paralyzable model the variance
reduces to near zero at intermediate counting
rates and returns back to Poisson-type variance
for very high counting rate cases. GMSIM
results and theoretical variance models by
Kosten and Mueller match with each other very
closely.

The variance of the hybrid model behaves in
between two idealized models as shown in
Figure 4. Since no satisfactory variance models
are available for the hybrid model, GMSIM may
be used in analyzing counting statistics of
hybrid model along with two idealized models.
Through these analysis, in the near future, it is
hoped that variance theories be established for
the hybrid dead time model and the theory
reveal certain ways to take advantage of the
information hidden in the counting statistics
deviation from Poisson statistics.
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