YU ISSN 0015—3206
FZKAAA 18 (4) 403 (1986)

GAS GAIN IONIZATION CHAMBER

DUSAN NOVKOVIC, PURA KRMPOTIC*, MILOJKO KOVACEVIC,
RADIVO]J TASIC and DRAGICA PALIGORIC

Boris Kidri¢ Institute of Nuclear Sciences, 11000 Beograd, Yugoslavia
*Department of Physics, Faculty of Natural Sciences, 11000 Beograd, Yugoslavia
Received 20 June 1986
Revised manuscript received 13 November 1986
UDC 539.1.07

Original scientific paper

The aim of the investigation was to study the increase of sensitivity of ion cham-
bers operated in the internal gas multiplication voltage range, to specify operating
conditions and establish limitations. Amplification factors were determined for a
proportional-counter-like device filled with various pure gases and gas mixtures,
at different voltages end pressures. There is overall agreement with theoretical
predictions for the majority of fillings, except for pure nitrogen and pure argon.
The suppression of the gas gain becomes noticeable at exposure rates of about
250 nA/kg and becomes drastic &t about 4 pAfkg.

1. Introduction

The gas gain ionization chamber consisting of a proportional counter-like
device with the cathode voltage supply and with wire anode connected to an electro-
meter was studied.

It may be used for various applications. The internal gas gains for diferent
gas fillings can be studied more readily and with greater precision by this chamber
than by conventional counters.

Its gas gain is greater than 1, and its sensitivity is greater than the sensitivity
of standard chambers of the same size. This makes it particulary suitable to low
exposure rate measurements.
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2. Experiment

The ionization chamber assembly consists of a 40 mm diameter 140 mm
long cylindrical stainless steel cathode and a 100 pm diameter gold coated stainless
steel wire anode protected by guard rings housed in a gas-tight aluminium alloy
cylinder?). The anode serves as the collector electrode and is connected to a Vibron
Model 33C electrometer. Three sources of activity of the order of 40 MBq were
used and these were 226Ra, 137Cs and $°Co. Helium, nitrogen, argon and methane
fillings were used as well as a 109, and a 20%, methan-helium mixture. The purity
of used gases was 99.9%, or better. The ionization chamber was evacuated to pres-
sures below 0.5 pbar before each new filling. In order to assess the effect of wall
degasing, measurements were performed after the chamber was filled by a new
gas and 24 hours afterwards. The results were identical except for pure helium
which produced curves exhibiting uniform shifts in time.

2.1. Experiments with pure gases
The gas gain is defined as

A =ifi, n

where 7, is the ionization current without gas gain and 7 the current with amplifi-
cation under identical irradiation conditions. The ifi, ratio was measured as a
function of the applied voltage at constant temperature. As the current measure-
ment error was estimated at 19, the gain was established to better than 2%,. No
increase in the noise current was observed to operating voltages of 3.1 kV. The
obtained gain values for some fillings and pressures are presented in Fig. 1. The
data were fitted to the Diethorn equation?

Il; (ln A ln%‘-) _In2 ln ’—V——] — 1_11_2 In K 2

where A is the gas gain, V is the operating voltage, 7, and r. are the anode and
cathode radii, respectively, p is the pressure, AV and K are constants characteristic
for the gas used and independent of the gas pressure and the applied voltage.

This expression may be written as

1 V
—t—,-'ln A=aln ("5) -b (3)

where a and b are newly introduced constants. The relations (2) and.(3) are log-log
linear and thus theoretical predictions may easily be verified.
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Fig. 1. The dependence of gas gain on the operating voltage for various gas fillings,
I—0.2CH, + 0.8 He; p = 1013 mbar; II — Ar; p = 1013 mbar; IIl — N,; p = 1013 mbar;
IV—CH,; p = 587 mbar; V— CH,; p = 1013 mbar.

The Williams and Sara3’ equation was also used to obtain the gas gain

i

[yman () -- Q)efpn(] un

Here, B; and D, are again constants and g is the filling gas density.
As the gas density at constant temperature is directly proportional to the
pressure, (4) yields

1 ’ ,
—ln(vlnA) —aT,a+b, ®)

where @’ and b’ are also constants.
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In order to determine the valucs of the constants in (4), measurements were
petformed with methane at 267 mbar, 587 mbar and 1013 mbar. The obtained
data are plotted in Fig. 2. A nonlinearity was observed at low gains that is more
pronounced for higher filling pressures. At 267 mbar, the plot is fairly linear for
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Fig. 2. Methane data compared with Diethorn’s prediction — solid line.
® — p = 267 mbar; X — p = 587 mbar;
A — p = 1013 mbar; a4V = 315V.
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Fig. 3. Comparison of the Williams — Sara theory (solid line) with observed methane data,
® — p = 267 mbar; X — p = 587 mbar;

A — p = 1013 mbar.
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gains greater than 3, at 587 mbar for gains larger than 8 and at the highest used
presure of 1013 mbar, the lower bound of the linear portion is at a gain of 36.
It may be said that the experimental data are in good agreement with Diethorn’s
predictions. This also applies to the value of AV = 37.5 V and K = 6.14 V/(pmbar
m), obtained by fitting the experimental data to the Diethorn equation. The obtai-
ned values for these constants are in agreement with the results of Buraei®.

However, overall agreement with the Williams and Sara equation, including
at lower gains, is better as evidenced in Fig. 3. In order to illustrate this, the A./A.x,
ratio is plotted in Fig. 4. Here A, are the computed gains according to Williams
and Sara and 4, are the measured values. No experimental points may be obser-
ved above 4 = 10% due to current instabilities that hinder measurements.
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Fig. 4. The dependence of gain ratio Ac[Acx, On A.,, for different pressures in methane.
‘@ — p = 1013 mbar; b) — p = 587 mbar;
c) — p = 267 mbar. A, — calculated value of the gas gain using Williams — Sara expres-
sion, A, — experimental value.

Data obtained for pure nitrogen and argon could not be fitted to both of the
previously discussed equations. The time shifts of characteristics of helium filled
chambers are shown in Fig. 5. This is most probably due to impurities that degass
from the walls. Helium was obviously very sensitive to the presence of even the
smallest amounts of impurities.
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Fig. 5. Shift of the gas gain in helium after filling,
p=103mbar; [ —¢t =0h; Il —t=4h;IIl —¢t =22h; IV—¢t =27h; V—¢ =45h.
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Fig. 6. Comparison of Diethorn’s theory — solid lines — for two He-CH, mixtures.
e — 0.2 CH4 + 0.8 He; p = 1013 mbar
x— 0.1 CH, + 0.9 He; p = 1013 mbar.
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2.2. Gas mixture measurements

The two used mixtures of helium containing 10 and 20%, of methane weres table.
The obtained results were consistent with both Diethorn Eq.(2) end Williams and
Sara Eq. (4) as can be seen in Figs. 6 and 7. The measurements were performed only
at 1013 mbar. The behaviour was similar to that of pure gases. According to Diet-
horn, a log-linear relationship was observed for gains greater than 2 and 4 for the
10% and 209, mixtures, respectively. The 4V constant was equal to 33.6 V for
the 10% mixture and 35.2 V for the 20% mixture. The agreement with Williams
and Sara was even better (Fig. 7).
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Fig. 7. Comparison of the Williams — Sara theory for two He-CH, mixtures.

o —0.2CH, + 0.8 He; p = 1013 mbar
x—0.1 CH4 4+ 09 He; p = 1013 mbar.

2.3. Exposure rate dependence

One of the objectives of the study was to test the linearity of the gas gain
ionization chamber for high exposure rates, or, in other words, to evaluate the
effect of the space charge density on the gain. A nitrogen filled chamber at 1013
mbar was succesively exposed to radiation fields with exposure rates of 30, 250,
1600 and 4500 nA/kg. The gas gain vs. exposure rate is given in Fig. 8. At the
highest rates used, gas gain suppression becomes observable at gains of only 4 =

= 14 while the effect starts, at 4 > 200 for exposure rates of 250 nAIkg, under
the assumption that at 30 nA/kg no suppression takes place.

The observed gain suppression due to space charge density was compared to
the reduction of the effective anode voltage obtained by Campion®’ for proportio-
nal counters. According to Campion, the reduction in voltage V is related to the
average ion pair density as

aV=Vo—V=£-qp=rgAR1n(2) (6)
Ve Ta

FIZIKA 18 (1986) 4, 403—412 409



NOVKOVIC ET AL.: GAS GAIN IONIZATION CHAMBER

4
10°E GAs GAIN
103 nd
102 3
10 F
1 1 H 1 ] 1 1 1 1 1 1 L L 1 1
0 400 800 1200 1600 2000 2400 2800 3200
viv)
Fig. 8. Gas gain in N; for different exposure rates.
I— 30nA/kg; II — 244nAjkg;
IIT — 1580 nA/kg; IV—4500nA/kg; P = 1013 mbar.

where V, and V are the operating and reduced voltages, respectively, % is the
average linear ion pair density per unit pressure (the number of ion pairs per unit
lenght and unit pressure), R is the counting rate and F a constant. The reduction
in voltage was determined at preselected gas gains. The curves in Fig. 8 show that
there was no reduction at an exposure rate of 30 nA/kg. The A/V, vs. 8V curves
at the same exposure rates are presented in Fig. 9. The data are in fairly good
agreement with the Campion expression.

3. Conclusions

This investigation has shown that gas gain ionization chambers have advan-
tages over conventional ones at low exposure rates in spite of the space charge
effects that occur at higher exposure rates. The latter response nonlinearities can
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Fig. 9. Test of Campion‘s expression in N, p = 1013 mbar,
e — 244 nAlkg; A — 1580 nA/kg;
m — 4500 nA/kg.

be corrected for by proper calibration. At lower exposure rates, the size of the sensi-
tive volume is an advantage in radiation field mapping in comparison to necessary
large spatlal averaging in the regions near the source measurements with conventio-
nal ionization chambers.

The applicability of gas gain ionization chambers to exposure measurements
is however very affected by the temperature dependence of the gas gain, a depen-
dence that we did not investigate either.

Our investigations have also shown that the gas gain ionization chamber is
suitable for the fast and accurate measurement in the range from 1 to 104. The
study of the effect of the space charge on gas multiplication is also a field were it
may. be propitiously used. At gas gains greater that 10* measurement showed
excessive sporadic current fluctuations probably due to some high density ioni-
sation events in the chamber.
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Originalni nauéni rad

Cilj nadih istraZivanja je bio da se prouci rad jonizacione komore sa gasnim poja-
tanjem, da se definidu radni uslovi i odrede njena ograni¢enja. Izmerena su gasnga
pojacanja za uredaj koji je slican proporcionalnom broja¢u koji je punjen razli¢itim
&istim gasovima i gasnim me$avinama sa razli¢itim naponima i pritiscima.Dobije-
no je dobro slaganje sa teorijom za veéinu punjenja izuzev za &isti azot i &isti argon.
Smanjenje gasnog pojatanja postaje primetno za brzine ekspozicionih doza od
250 nA/kg i postaje drasti¢no kod 4 pAfkg.
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