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Performance of Argon-Xenon Mixtures in a Gas
Proportional Scintillation Counter for the

0.1-10 keV X-Ray Region

S.J. C. do Carmo, F. 1. G. M. Borges, and C. A. N. Conde, Life Member, IEEE

Abstract—The performance of a gas proportional scintillation
counter filled with either pure Xe or Ar-Xe mixtures is described
for the 0.1-10 keV X-ray energy range. It is shown that the spectra
tail distortion exhibited by Xe filled gaseous detectors for soft
X-rays below 2 keV is reduced if Ar-Xe mixtures are used. The
peak-to-valley ratio increases by a factor of about 2 or 3 as the Xe
concentration is reduced from 100% to 5%. Moreover, the energy
resolutions for such mixtures are similar to the ones for pure Xe.

Index Terms—Argon detectors, energy resolution, gas detectors,
proportional gas scintillation detectors, x-ray detectors, x-ray spec-
troscopy, xenon detectors.

I. INTRODUCTION

AS Proportional Scintillation Counters (GPSC) are room
G temperature gaseous radiation detectors with many ad-
vantages, like their good energy resolution and large detectable
energy range (typically from 0.1 to 100 keV), which allow
their use in many fields such as X-ray spectrometry or high
energy physics [1]-[3]. Soft X-ray detection is an area where
GPSCs are particularly competitive since they can outperform
even solid-state detectors in the low energy range [4]. The
techniques developed for large area detectors using relatively
small photosensors for the scintillation light [5], [6] present an
advantage that can be used for all types of radiation detected.

GPSC:s are usually filled with pure Xe at slightly above atmo-
spheric pressure and the consequent short absorption length of
soft X-rays (few hundred pm for energies below 1 keV) is at the
origin of the loss of primary electrons to the detector entrance
window by backscattering [7]. Spectra distortion thus appears as
a low energy tail which consequently worsens the energy reso-
lution and the peak-to-valley ratio.

Previous research works have been carried out in order to at-
tenuate this undesirable spectra distortion, either by increasing
the electric field in the absorption region [8] or by eliminating
the absorption region with the so called driftless GPSC [9]. The
latter authors have shown very good results in attenuating this
distortion, but the technique requires elaborate electronic pulse
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processing. Alternatively, performance improvements were also
observed by filling the detector with a lighter gaseous mixture
in order to increase the X-ray absorption length [10]. Indeed,
the addition of a lighter gas to Xe leads not only to longer X-ray
absorption lengths and so to reduced tails [7] but can also lead
to Penning mixture effects which originate improved Fano fac-
tors and w-values. The use of Ne-Xe mixtures as an alternative
to pure Xe has already been studied with improved results in
reducing the low energy tail distortion but they do not exhibit
the expected energy resolution improvement [10]. This was at-
tributed to the lower secondary scintillation yields and larger
w-values of Ne-Xe mixtures in comparison with pure Xe ones.

Ar-Xe mixtures have been considered as valid alternatives to
pure Xe for GPSCs [11] since, not only they provide longer
absorption lengths than pure Xe, but they also simultaneously
present similar or even improved energy resolutions, w-values,
Fano factors and secondary scintillation yields in comparison
to pure Xe [12]-[16]. However, the increase in the absorption
length, apart for the 250-630 eV energy range, is not expected
to be as large as for Ne-Xe mixtures [7].

Due to the continued interest in soft X-ray detectors for
general purpose applications and to our particular interest in
studying low energy and low atomic number PIXE, we have
carried out the present work, which consists in the study of
the performance of a GPSC filled with pure Xe and Ar-Xe
mixtures for X-rays in the 0.1-10 keV energy range. Particular
attention was paid to the 0.1-2 keV energy range, where the
improvements are expected to be more significant.

In Section IT, we describe the experimental set-up used to per-
form this study and the results obtained for the energy resolu-
tions and for the peak-to-valley ratios (PVR).

II. EXPERIMENTAL RESULTS

The set-up of the GPSC used for the present work is repre-
sented in Fig. 1. This uses a 10 dynode EMI 9266QB photo-
multiplier tube (PMT) and has already been described in detail
in [13]. The detector was filled at a pressure slightly above at-
mospheric one, 780 Torr, with either pure Xe or various Ar-Xe
mixtures. The filling gases were continuously purified by con-
vection with ST707 getters from SAES.

The detector window was manufactured from a 0.9 pm thick
Mylar film glued onto a 4 mm thick stainless steel frame. This
frame had 6 holes 1.5 mm in diameter circularly distributed
1.5 mm apart around a similar seventh hole centered in the
middle of the frame. These low area holes enable the Mylar film
to stand the atmospheric pressure when vacuum operations are
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Fig. 1. Schematic of the GPSC used in the present work.
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Fig. 2. Calculated detection efficiency of the present GPSC filled with pure Xe
as a function of the energy Ex of the incident X-ray.

needed. A 40 nm thick aluminum layer was vacuum evaporated
onto the Mylar film to electrically ground the window.

The detection efficiency of the detector (Fig. 2) was calcu-
lated in a way described in [4] by taking into account the trans-
mission of both Mylar and Al layers [17] and the loss of primary
electrons by backscattering to the detector window [7], which
depends on the filling gas used.

For each Ar-Xe mixture studied the reduced electric fields in
both absorption and scintillation regions were chosen in order
to reach the optimal energy resolution [12], keeping the PMT
voltage constant. X-ray spectra were obtained for several X-ray
energies Ex and for several Ar-Xe mixtures with 100%, 40%,
20%, 10% and 5% Xe concentrations, as shown in Table I and
Figs. 3—4. These different X-ray energies F'x correspond to the
unfiltered K« and K3 fluorescence lines of the various elements,
obtained by exciting pure or compound element targets, from C
to Ge, with a-particles from a 30 kBq 244Cm radioactive source
placed under vacuum. As we can observe in Fig. 4, the spectra
present high counting rates in the very low energy region. This
behaviour is due to the presence of electronic noise and of the C
and O X-ray fluorescence K-lines resulting from the interaction
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Fig. 3. Experimental pulse height-distributions in pure Xe and 60%Ar-40%Xe
for the 277 and 525 eV Ke fluorescence lines from C and O respectively.

of the incident X-ray beam with the C and O atoms present in
the Mylar window.

The experimental pulse height distributions were fitted to
Gaussian distributions in order to determine the position of their
centroid ¢ and their Full Width at Half Maximum (FWHM)
H. The performance of the GPSC is evaluated in terms of
the energy resolution R = H/c, and the Peak-to-Valley ratio
(PVR) [10], which is defined as the ratio of the counts at the
centroid c and the average number of counts for 5 points located
at a distance of 1.5 FWHM from the peak [18]. The PVR gives
a quantitative measurement of the distortion of the spectrum in
the low energy region.

Table II shows that the PVR generally improves by a factor of
about 2 or 3 as the Ar concentration increases. This behaviour
shows that the loss of primary electrons to the detector window
is reduced with the addition of Ar, as it can be seen in the spectra
shown in Fig. 4. However, these improvements in the reduction
of the spectra distortion do not result in the expected improve-
ment of the energy resolution, R, as shown in Table I. Indeed, R
remains approximately constant for pure Xe and the Ar-Xe mix-
tures. This might be explained by the slightly lower scintillation
yield of Ar-Xe when compared to pure Xe observed in [12].

Moreover, this improvement in the PVR is not achieved for
the C and O Ko lines (277 eV and 525 eV respectively) (Fig. 3)
since, as we have already mentioned, the absorption length
is shorter in Ar than in Xe in the 250-630 eV energy range.
This also explains why, for this range, the energy resolution R
worsens with increasing Ar concentrations (Table I). In fact, the
C peak becomes almost undistinguishable from the low energy
tail, becoming impossible to determine its energy resolution for
low Xe concentrations (Table I).

Fig. 5 confirms that the energy resolution R is approximately
proportional to the square root of the reciprocal X-ray energy
1/Ex [1], in exception for the data corresponding to very low
energy X-rays which are above the linear behaviour. This is due
to the significant worsening of R below approximately 1 keV
because of the low energy tail distortion. Small deviations apart
this linear behaviour can also be attributed to the expected dis-
continuities in the Fano factors F' and the w-values for Ar-Xe
mixtures with the X-ray energy Fx. Indeed, such variations in
F and w have been studied before for pure Xe [19] and Ne-Xe
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Fig. 4. Experimental pulse height-distributions in pure Xe, 60%Ar-40%Xe and 80%Ar-20%Xe for (a) 677 eV, (b) 525 eV and 1254 eV, (c) 1487 eV and (d) 1740

eV X-rays (F, O, Mg, Al and Si Ko fluorescence lines respectively).

TABLE I
ENERGY RESOLUTIONS, R, OBTAINED FOR THE GPSC FILLED WITH
SEVERAL AR-XE MIXTURES FOR THE Ko X-RAYS FROM
Low ATOMIC NUMBER ELEMENTS

Ko line R (%) £ 0.1
Element energy E, 5% 10% 20% 40% 100%
(eV) Xe Xe Xe Xe Xe
C 277 - - 575 426 372
(0] 525 345 334 304 247 241
F 677 244 240 243 223 21.9
Mg 1254 175 17.5 183 18.1 16.9
Al 1487 153 159 157 153 15.7
Si 1740 147 147 145 144 13.7
S 2307 132 129 129 125 11.7
Cl 2622 129 128 123 11.8 11.5
Ca 3690 10.2 100 9.7 9.7 9.4
Ti 4508 9.5 9.5 9.4 9.1 8.8
\% 4949 9.4 9.4 9.3 9.2 8.8
Cr 5411 9.3 9.0 9.0 9.0 8.7
Mn 5895 9.2 8.6 8.6 8.6 8.4
Co 6925 8.7 7.9 8.1 8.5 7.6
Ni 7422 8.5 8.1 7.9 7.8 7.6
Cu 8041 8.4 8.1 7.8 7.5 7.4
Zn 8631 8.1 7.9 7.7 7.5 73
Ge 9876 7.9 7.8 7.5 7.5 7.1

mixtures [20], but no data is available in the literature for Ar-Xe
mixtures.

We have also observed, as illustated in Fig. 6, that the
response of the detector is linear within the experimental error,
apart for the discontinuities at the Xe L-, Xe M- and Ar K-edges
[21]. We have also noticed that the discontinuities at the Xe

TABLE II
PEAK-TO-VALLEY RATIOS FOR DIFFERENT SOFT X-RAY ENERGIES AND FOR
THE GPSC FILLED WITH XE AND AR-XE MIXTURES

% Xe Peak-to-Valley ratios
F Mg Al Si
100 29 29 4.8 6.2
40 4.4 3.4 6.7 8.8
20 4.9 6.9 9.7 14.2
10 32 8.2 10.5 14.7
5 2.7 6.9 11.0 15.7

L- and M-edges decrease as the Xe concentration decreases
while the Ar K-edge becomes more pronounced as the Ar
concentration increases. The values of these discontinuities
in the linearity were calculated in a way described in [19].
Discontinuities of 63 and 37 eV were obtained in pure Xe for
the Xe L- and M-edges respectively for instance, values which
are in good agreement with the published data [19], [22], [23].

III. CONCLUSION

We have shown that gas proportional scintillation counters
filled with Ar-Xe mixtures present energy resolutions for soft
X-rays that, apart from the 250-630 eV energy range, are almost
as good as the ones for pure Xe, confirming the preliminary
results presented in [11].

Moreover, the peak-to-valley ratios, that measure the dis-
tortion present in soft X-ray spectra, generally improve as the
Xe concentrations decrease from 100% down to 5%. Although
these improvements in the peak-to-valley ratios are not as

Authorized licensed use limited to: Universidade de Coimbra. Downloaded on March 15,2010 at 07:39:26 EDT from IEEE Xplore. Restrictions apply.



440

Iy
3000 |
2500 —&—20% Xe
—G- -40% Xe
2000 |
Ng -8+ 100% Xe o
N%
1500 -

1000 [

500

1/Ey (keV'")

Fig. 5. Plot of R? as a function of the reciprocal X-ray energy, 1/ Ex .

800

700

600y Xe M-edges

500

Centroid position, ¢
-
s
(=]

300 [
Xe L-edges

2001 —8—100% Xe

Ar K-edge

100 =A--20% Xe

Xe M-edges

00 1 2 3 4 5 6 7 8 9 10
Incident X-ray energy E y (keV)

Fig. 6. Centroid position ¢ as a function of the incident X-ray energy Ex for
pure Xe and Ar-20%Xe.

important as the ones observed in [10] for Ne-Xe mixtures,
Ar-Xe represent a better alternative to pure Xe due to the better
energy resolutions reachable.
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