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1. Introduction

Since the invention of the Multi-Wire Proportional Chamber
(MWPC) by G. Charpack in 1968, noble gases have been exhaus-
tively used as a radiation detection medium. The discovery of new
particles like J/y meson by Ting and Richter or the W and Z
bosons by Rubia have been done in experiments using noble gas
radiation detection [1]. Nowadays, the use of noble gases is still in
the front line for new discoveries as, for example, the 0-v88 in
NEXT or the search for dark matter [2-4]. In addition, their use
in radiation detectors has crossed the field of HEP experiments to
find applications in medical imaging [5] or homeland security [6].

The position resolution is an essential capability of gas-filled
radiation detectors that has been extensively explored. A long bib-
liography on position sensitive gaseous detectors is already avail-
able, namely in particle tracking devices [1,7]. However the discus-
sion of the position resolution is generally centred in the device
itself without fully exploring the gas influence.

X-rays are indirect ionizing radiation, providing different physics
processes than ionizing particles. In this case, the position resolu-
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tion depends not only on the photoelectron range [8] but also
on the energy loss mechanisms during the photoelectron drift
and thermalization in the gas. In gaseous detectors the interac-
tion position of the incoming photons is usually obtained through
the centre-of-gravity of the produced spatial charge distribution,
thus, the atom de-excitation processes like Auger emission, Coster-
Kronig or Shake-off, will govern the charge spread process over the
photoelectron range.

Another process that can contribute to the position resolution
degradation is the fluorescence photon interaction within the de-
tector volume. The absorption of the fluorescence photon will shift
the charge distribution centroid and thus, the detected position,
contributing to a broadening of the position distribution. At low
energies elastic Rayleigh scattering of the fluorescence photon can
also contribute to the resolution and is accounted for in the simu-
lation.

2. The toolkit

The position resolutions here presented were calculated for dif-
ferent gases as function of the X-ray photon energy by using a sim-
ulation program based on Monte Carlo simulation: Degrad [9].

Degrad is a new software tool developed by S. Biagi, which
is an accurate Auger cascade model for interaction of photons
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Fig. 1. Flow chart describing the analysis chain.

and particles with gas mixtures in electric and magnetic fields.
The software simulates automatically, for X-rays, the shell absorp-
tion by photoelectric effect or Compton scattering and the subse-
quent Auger, Coster-Kronig, Shake-off and fluorescence emission.
Bremsstrahlung emissions by secondary electrons are also included
[10]. The program also calculates the number of ionizations and
excitations produced in the gas medium after electron energy ther-
malization and returns the Fano factors for both.

The individual events can be output, i.e., the position and time
of thermalization of each electron, which means that a detailed
analysis can be performed with other detector simulation pro-
grams.

Preliminary tests on the noble gases give Fano factors with an
accuracy better than 3% up to 20 keV [1].

3. Analysis chain

The analysis chain is described in the flow chart of Fig. 1. The
first step is to convert the Degrad data file into a ROOT file [11],
i.e., the software used for the analysis process.

The analysis is performed event by event, i.e., each single X-ray
photon interaction in the gas, being the interaction position calcu-
lated through the center-of-gravity of all the electrons thermalized
positions.
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Fig. 2. Example of a reconstructed image for 36 keV photons in argon.
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Fig. 3. The projection of the events selected on the previous image.

For each considered photon energy an image is reconstructed
by making the 2D histogram of the calculated positions (X and Y),
as presented in Fig. 2. A region-of-interest was defined as 4% of the
histogram range, centred in the central bin (represented between
the horizontal lines in Fig. 2), followed by its projection (cumula-
tive sum in the X direction).

The position resolution was achieved through the FWHM of a
fitted Gaussian function to the projected data, Fig. 3, similarly to
the Line Spread Function (LSF) method [12].

In order to evaluate the fit quality a x2/NDF test was applied.
If the result is considered satisfactory, i.e., 1 < x2/NDF < 1.5, the
analysis is finished. In the case that the results are not well de-
scribed by a one Gaussian model a two Gaussian model is fitted,
Fig. 4. This occurs, generally, for energies right after the atomic
shells absorptions, where the interaction probability on both shells
is similar. In this case, the position resolution was considered to
be the FWHM of the Gaussian with greatest amplitude. Although,
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Fig. 4. Example of a 2 Gaussian fit model to a energy right after the K absorption
shell in xenon.

if none of the models produce good fit results a rebin of the initial
2D histogram was done, followed again by the described analy-
sis.

4. Results

In this work we have made calculations for pure noble gases
(helium, neon, argon, krypton and xenon) for X-ray photons with
energies ranging from 1 to 60 keV in 1 keV step. The gas was con-
sidered to be at 760 Torr and 20°C. All the photons interact in
the (0, 0, 0) position where a 1 kV/cm electric field was set in the
direction parallel to the incoming photons. 110,000 events were
simulated for each condition, i.e. gas and photon energy combina-
tion. In order to decrease the calculations time, the electrons were
considered thermalized when their energy falls to 1 eV below the
lowest excitation energy of the gas: He = 19.8 eV, Ne = 16.6 eV,
Ar=11.6 eV, Kr=9.9 eV and Xe =8.3 eV [13,14].

By discriminating the thermalized electron’s positions we can
consider two different analysis: an analysis that we call “infinite”,
where all electrons are accepted; and a finite example denom-
inated as “Detector” where just the electrons with thermalized
positions inside a volume (10 x 10 x 1 cm?) are considered, thus
simulating a detector active volume.

The results for an “infinite” geometry are shown in Fig. 5. As
expected helium is the gas that presents the worst performance
followed by neon, argon, Kr and Xe (enumerated by descending
order of the position resolution value). For Ar, Kr and Xe there is
an evident improvement in the position resolution after the re-
spective L and K shells (Kar &~ 3 keV, Ky =~ 14 keV, Kxe ~ 35 keV
[15]). This benefit is due to the contribution of the greater binding
energy of the inner shells, resulting in lower energetic photoelec-
trons and thus, in a lower charge spread. On the other hand, due
to the atom rearrangement, a characteristic fluorescence photon
is emitted and can be absorbed somewhere in the active vol-
ume producing a new primary electron cloud that will shift the
initial position detection, masking the benefit of the photoelec-
tron energy reduction. The fluorescence photon interaction point
will depend on the photon energy (for example: Arg, ~ 3 keV,
Krg, ~ 13 keV and Xek, ~ 30 keV [15]) and obviously on the gas
density.
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Fig. 5. Position resolution as a function of the photon energy for an “infinite” geom-
etry.
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Fig. 6. Image of the thermalized electron positions produced by a 10 keV photon in
helium.

When a finite geometry is used, the fluorescence photons inter-
action is limited to the detector active volume and, in the case of
more energetic fluorescence photons (Kr and Xe K fluorescence)
the interaction probability is lower contributing to the escape
peaks. In such case (Fig. 7), the position resolution will be domi-
nated by the photoelectron range, contributing to a better position
resolution when compared to the case of “infinite” geometry. This
effect is less pronounced on the Kr and Xe L shells (Lg; ~ 2 keV
and Lyxe ~ 5 keV [15]) and on the Ar K shell, where the fluores-
cence photons are less energetic (Krr, ~ 1.6 keV and Xer, ~ 4 keV
[15]) and the interaction probability with the gas is not negligi-
ble. In Fig. 7 the experimental values from [16] are also shown.
In general we can observe that Degrad reproduces the experimen-
tal data with good accuracy, except for the argon when the photon
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Fig. 7. Position resolution as a function of the photon energy for a 10 x 10 x 1 cm?
detector.

energy is bigger than 10 keV and for energy values just after the
Xe K and L shells, where we are convinced that the experimental
data is influenced by the intrinsic position resolution of the used
detector [16].

In the detector limited volume case, we just present the po-
sition resolution values until 10 mm, which corresponds to the
lowest detector dimension. When the spatial distribution of the
primary electrons approaches this value, the electrons start to be
lost to the detectors walls, Fig. 6. In this situation a huge error
is introduced in the position calculation and to continue with the
calculations has no more physical interest.

A very interesting aspect is that, for the range 14-34 keV, Kr
presents a better position resolution than Xe, making Kr the per-
fect choice for applications requiring photon detection on that
range.

5. Conclusions

We have studied the X-ray detection, from 1 to 60 keV, in
pure noble gas detectors in terms of position resolution. An im-
provement of the position resolution when the X-ray photons

have higher energy than the gas atomic shell energy was veri-
fied. The position resolution dependence with the energy and with
the atomic number was observed. An exception was verified for
krypton in the range from 14-34 keV where it presents better
performance than xenon. Finally, the influence of the detector ge-
ometry on the position resolution was also discussed.
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