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ABSTRACT. Results of measurements in an underground laboratory, 70m of water 
equivalent. below surface, are given. Background values of proportional gas counters 
with volumes between 16cc and 1.5L are lower by a factor of 2-4.5 compared to the 
values in the previously used laboratory (7m w.e.). High counting gas pressures, up to 5 
at CHand up to 36 at P-10, enable the use of relatively small counters with cor- 

respondingly small background contributions from the walls. A separation of the 
residual background into different components is attempted, distinguishing a pressure 
dependent volume effect and surface correlated contributions. It can be shown that the 
selection of radioactively pure counter construction material is very important for a 
good low :level counting system. 

INTRODUCTION 

Until now the use of radioisotopes in environmental studies has 
mainly been restricted to isotopes like 3H and 14C which can be measured 
relatively easily at environmental levels. Other radioisotopes or small 
samples of 3H and 14C promise to yield important information, but are 
beyond the sensitivity range of presently used low level counting tech- 
niques. The development of especially sensitive measuring techniques is, 
therefore, highly desirable. This is demonstrated by the development of 
mass and charge spectroscopy using accelerators. Element and probably 
later on, isotope-specific laser spectroscopy are other promising prospects 
for high sensitivity measurements of very few atoms. Low level gas count- 
ing during the last decades has been well-developed and will play an 
important role for measurements with a more routine character. For 
example, noble gas isotopes like 39Ar, 37Ar, and, at environmental levels, 
35Kr, until now, could only be measured by gas proportional counting. 
Stable low background gas counting systems, therefore, will remain a 
necessity in the foreseeable future. 

It may also be interesting to investigate the limits of background 
reduction. We had the opportunity to combine measurements in an 
underground laboratory with special developments of low level propor- 
tional counters. Counters were constructed that could be filled to high 
gas pressures to improve volume to surface ratio which yields lower 
background values. 

The availability of two laboratories with different muon fluxes 

facilitated the attempt to disentangle the different background com- 

ponents of our proportional counters of different size. This analysis 
was undertaken to obtain information on shielding and construction 
principles for very low background counting systems. 

Also investigated was how the backgrounds of counters with internal 
anticoincidence systems (Oeschger, 1963), constructed for the measure- 
ment of radioisotopes emitting /3-particles at low energies, like 3H and 
14C or X-rays, compare with the backgrounds of recently developed small 

high pressure gas counters. 
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Background of gas proportional counters in our underground laboratory 
In 1975 we moved our counting system from the basement of the 

Institute (N7m water equivalent shielding) to a new underground labora- 
tory ('70m w.e. below surface) in the same building. The 40cm thick 
walls of this laboratory were constructed from specially selected con- 
crete (Pulfer, 1974). The selection is based on y-measurements with a NaJ 
crystal in the energy interval 0.1 to 3MeV. We decided to use serpentine 
gravel and sand and Danish cement as concrete components. The 'y- 

measurements showed reduction factors of >30 for sand and gravel 
and about 4 for the cement, compared with the concrete components 
commonly used in our area. 

The muon flux decreased by a factor of 11 in agreement with ex- 
pectation. According to the literature, the muon stop rate drops by 
about a factor of 40. The nucleonic component of the cosmic radiation 
is absorbed much stronger than the muon component and should be 
negligible. For the y- and n-fluxes in a 10cm shield in the under- 
ground laboratory, a considerable reduction was observed, when com- 
pared to the fluxes in the old laboratory. For the y-counting rate in the 
energy interval between 239 and 1460keV, a reduction factor of about 6 
was measured with a 60cc GeLi detector. Despite the strong reduction of 
the nucleonic component of the cosmic radiation, there are still neutrons 
from muon capture reactions and from spontaneous fission and a,n- 
reactions in the surrounding sandstone. A reduction factor of about 8 
was observed for the n-flux with a BF3 counter and a He-3-counter. The 
real reduction factors for the y- and n-fluxes may be higher than the 
observed values since the background contribution (from the construc- 
tion material) of the detectors themselves are unknown. 

TABLE 1 

Background values of gas proportional counters in our 
underground laboratory 

Material Volume Pressure Background S2/ BG Sample 
type (cc) (at) Gas* (for 39Ar)** volume (L) 

Cu. 16 28 
Cu 22 17 
Cu-1. 50 36 5 
Cu-1 50 15 5 
Cu-2 100 19 5 
Cu-2 100 8.9 5 
Plexi 100 17 5 
Plexi 1000 4.5 5 
Cu 1000 4.5 
Int AK foil- 1500 1.6 
Int AK wire- 1500 1.3 

P-10 means 10 percent CH4 and 90 percent Ar. 
** Specific activity of 39Ar is 0.11 ± 0.012 dpm/L argon. S: net standard count rate; 

BG: background count rate. 
t Counter with internal anticoincidence; foil resp wire between the two volumes 

(Oeschger,1963). 
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TABLE 2 

Comparison of background; measured and (in parenthesis) 
calculated values 

Sas (X10 
Counter Gas Pressure 

22cc Cu P-10 5 at 0.023 
20cc Delrin P-10 5 at 0.045 

100cc Plexi P- 5 17 at 0.12 4 
1000cc Plexi P- 2 4.6 at 
int AK foil CH4 1.6 at 0.30 
int AK wires CH 1.2 at 0.115 

Measured integral background values of different counters are given 
in tables 1 and 2 and in figure 1. The counters described by Oeschger 
(1963) (with foil for 14C and wires for 3H) have an internal anticoinci- 
dence system; the others are operated in an external guard counter with 
a 2cm thick pure old lead shield between guard and main counter. Most 
measurements were carried out in a 10cm shield of lead from a Swedish 
mine (Bo:liden) or from an old Dutch shipwreck. The volume of the 
counters used varies by two orders of magnitude; the counters were filled 
with gas at pressures up to 36 atmospheres. As filling gas, argon-CH4 
mixtures (usually 5 or 10 percent CH4) were used in the high pressure 
counters, whereas 14C and 3H are routinely measured with CH4 gas. 

Figure 1 and table 2 show that, in the underground laboratory, the 
background was lower by a factor of 2-4.5 than in the Institute 
laboratory. A similar reduction was also observed by Reidar Nydal and 
Knut Lovseth (pers commun) who, during the Radiocarbon Conference, 
tested their CO2 counter of 1.5L volume in our underground laboratory. 

Table 1 gives the lowest background values obtained up to now for 
the counting systems presently in operation. As a threshold for the 
pulses, a value of a few millivolts at the output of the counters was used 
and, by external calibration with y-sources, the gas multiplication was 
kept constant in the argon-CH4 filled counters. Nevertheless, the back- 
ground values can only be compared to each other within some uncer- 
tainty because the energy spectra of the background measurements 
showed, for some counters, irregularities especially at low energies. 

A comparison of our background values with those obtained in 
other laboratories is difficult. Our high pressure counters are mainly 
used for 39Ar activity measurements, whereas other laboratories con- 
centrate on 14C or 3H measurements. Since the specific activity of 39Ar 
is about 50 times smaller than that of 14C in CH4, the figure of merit 
(FOM) cannot be used for a comparison. Values for the ratio of back- 
ground to sample volume (counter volume times pressure) at normal 
temperature are more comparable. The lowest values for this parameter 
obtained in our underground laboratory are: 

0.06cpm/L gas for the 16cc Cu counter, 28 at P-10 
0.08 " " " " 22cc " " 

, 17 at P-10 
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0.044 " " " " 50cc " " 
, 36 at P-5 

0.06 " " " " 100cc " " 
, 19 at P-5 

0.11 " " " " 1000cc " " 
, 4.5 at CH4 

0.13 " " " " 1.5L, with int AK counter, 1.6 at CH4 
0.11 " " " " Nydal , 2 at CO2 

In other laboratories, eg, the following values were measured: 
0.2cpm/L gas for 0.8-4.5L counters with 3 at CO2 

(Stuiver, Robinson, and Yang, 1976) 
0.2 " " " 0.6-1.8L counters with 2 at CO2 

(Nydal, Gulliksen, and Lovseth,1975) 
0.24 " " " lL counters with 5.5 at CO2 

(Tans and Mook, 1978) 
0.36 " " " 4L counters with 2 at CO2 

(Schoch and others, 1980) 

These values can only be used for a rough comparison of counting 
systems, because not considered are, eg, losses of gas in the filling line 
and decreasing counting yield due to increasing influence of end effects 
for smaller counters. There might also be an objection to this com- 
parison in that the counters with the lowest ratio of background to 
sample volume are those using Ar at a very high pressure. On the other 
hand, it is demonstrated that, in an underground laboratory, by operat- 
ing relatively small counters at high pressure, background values that 
are significantly below those obtained by other laboratories can be 
measured. 

In table 1, the values for S2/BG, which are proportional to the figure 
of merit, are given for the counters used for 39Ar measurements. The 
measurement of this isotope with a low specific activity of about 0.11 
dpm/L argon needs extreme low level counting systems. Earlier measure- 
ments were performed in the 1L Plexi counter with 4.5L sample volume. 
For applications in ice and groundwater dating, the amount of sample 
had to be reduced. The second generation of counters (100cc and 50cc) 
used an amount of only about 2L of argon. Due to the use of 10 to 20 
times smaller counters with correspondingly higher pressures, the back- 
ground value could be reduced considerably. The figure of merit, there- 
fore, is only smaller by about a factor of 1.6, although the square of the 
standard count rate decreased by about a factor of 6. An even smaller 
third generation of 39Ar counters (16 and 22cc) was constructed recently; 
it is supposed to be used for 39Ar dating of ocean water. Although the 
backgrounds of these counters are even lower, the figure of merit is now 
also reduced considerably, partly because of the dead volumes of the 
valve and connections that become relatively more important. This effect 
can be partly corrected for by using counters with higher ratio of length 
to diameter to increase the counting efficiency (Cu 2, 16cc). However, 
this leads to an increase of the surface related background contributions. 
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Background Reduction in Underground Laboratory 
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Fig 1. Background reduction in an underground laboratory. For different counters 
reduction factors of 2-4.5 could be obtained by moving underground. As examples, 
background values are given for three counters: a 22cc Cu counter filled with 5 at P-10, 
a 100cc Plexi counter filled with 17 at P-5, and a foil counter with internal anticoin- 
cidence for '4C filled with 1.6 at CH4. 

BG in Cellar of Institute 
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Estimation of the relative contributions of different background 
components 

The availability of two laboratories with entirely different muon 
fluxes enabled us to attempt a separation of the background into the 
following four components: - a and /3 particles from the inner counter wall; flux is Saa in cpm/cm2 - a contribution proportional to the muon flux ci, rate a. This compo- 

nent includes non-cancelled secondaries from the end parts of the shield 
and non-cancelled muons by the anticoincidence system. - recoil nuclei from collisions with neutrons; mainly in the CH4 com- 
ponent of the filling; source strength Snp in cpm/g. - y-induced secondary electrons, created in the counting gas or in the 
wall; source strength Sye in cpm/g. 

The background BG in cpm, then, can be approximated by the formula 

BG=Sa'O+a +Snn' V PCx4 + 0Rp + ye V Ptot+ 0'Re 
a 

4 4 

with 0 = surface in cm2 of counter, V = volume in cm3, p = density of 
counting gas in g/cm3 and Rp and Re = average range of recoil nuclei 
and secondary electrons, respectively. 

The volume-correlated contribution could be determined by mea- 
suring the dependence of the background on the gas filling pressure. In 
tables 1 and 2 examples for two different pressures can be found for the 
22cc, the 50cc, and the Cu-2 100cc counters. For these measurements, 
the gas multiplication was kept constant. Background values for differ- 
ent filling gas compositions (Ar, CH4) yielded additional information. 
Also, the measured reduction factors for neutrons (factor 8) and for 
y-rays (factor 6) were used. Since unidentical lead shields were used in 
the two laboratories and the electronic sensitivity was not equal for all 
counters, the comparison can give only the order of magnitude of the 
effects. Nevertheless, agreement with earlier published conclusions 
(Oeschger and Loosli, 1975; Oeschger and Wahlen, 1975) is satisfactory, 
although more and improved counters are used by now. 

Based on these results and factors, a set of parameters can be de- 
termined for the old and the underground laboratory (see table 3). 
The values for Saa for each individual counter was determined from 
the background values measured underground (see table 2). Table 2 

TABLE 3 

Set of parameters adopted for background analysis 

Parameter Institute Underground 

a 3.2 10-3 3.2 10-3 
Snp (cpm/g) 0.048 0.006 
Sye (cpm/g) 0.054 0.009 
Rp (mg/cm2) 2 2 
R, (mg/cm2) 70 80 
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Fig 2. Calculated background components. For proportional counters with different 
volumes (1.6, 22, 50, 100, 1000cc) and different filling gas pressures, the estimated back- 
ground components are given for our underground laboratory (ug) and the laboratory 
in the Institute (I). Sye is the component induced by y-rays in the counter volume or in 
the wall; S, is the component induced by neutrons, a 4) is the component propor- 
tional to the muon flux, and Sap is the component from self-activity in the counter 
wall. All counters are constructed from copper with the exception of the lL Plexi 
counter. For discussion of the estimated parts, see text. 
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shows that the measured and calculated integral background values 
agree for most of the counters within about 20 percent, especially for 
the high pressure argon counters. The counters with internal anti- 
coincidence show a somewhat larger uncertainty, but this might be 
due to their different anticoincidence system. 

With the set of parameters adopted, the background components of 
the different counters can be estimated for the Institute and for the 
underground laboratory. They are plotted in figure 2 for some of the 
counters together with values for counter size, filling pressure and 
adopted surface wall activity. It can be concluded that, especially in the 
underground laboratory (eg, for the 50cc, 1L Cu and 1L Plexi counters), 
the wall activity contributes a large fraction, up to 50 percent, to the 
background. Counters 16-06 and 16-01 demonstrate that the self- 
activity of counter construction materials like copper may change from 
piece to piece. The neutron components (especially of the argon-CH4 
counters) are negligible. It also follows that, by going underground, 
mainly the fractions proportional to the muon flux 4 and the y included 
component are significantly reduced (see counters 22cc and 1L Plexi). 
The ratio of volume to surface contribution induced by 7-rays depends 
on the filling pressure; for relatively small pressures both contributions 
are about equal, whereas, with high pressures, the volume components 
may dominate (eg, Cu 1-counter). 

The formula given above can be simplified for a quick and rough 
estimate of the smallest practically possible background value. For 
average values of our parameters our underground laboratory yields: 

B G = 4.10 - 4 
cpm 0 + 0, O 1 cpm/g V 
cm2 P 

where we have used the following parameters: Saa = 2 10-4 cpm/cm2, 
a = 3.2. 10-3 and 4 = 0.02 cpm/cm2. 0. 

CONCLUSION 

Our results show that background values of gas proportional 
counters can be lowered considerably by measuring underground. Fur- 
thermore, reduction of the counter volume with corresponding increased 
pressure of filling gas enables a significant reduction of the background 
for a given sample amount. 

Construction materials must be selected very carefully: - we had good experience with Cu qualities and with Plexiglas or Delrin 
for counter wall construction - special lead qualities can be found with considerable lower self-activity 
than in commercial lead - it is advantageous if the components of concrete in an underground 
laboratory are low in radioactivity, especially if y-sensitive propor- 
tional gases are used (high Z). 
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Counters constructed with internal anticoincidence are still an 
excellent way to obtain a good low level system for low /3-energy mea- 
surements. 

Our attempt to separate an integral background value into several 
components looks promising. For our counters with volumes between 
16 and 1500cc agreement between measured and estimated background 
values could be obtained within 20 to 50 percent. Sets of parameters 
can be found to estimate the lowest practically possible background 
values. 
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